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The ESR spectra of a series of copper(I1) alkanoates with the empirical formula C u A  
(X= heptanoate, octanoate, nonanoate, decanoate, dodecanoate), and their pyridine ad- 
ducts have been measured over the temperature range 300K to 100K. The spectra of non- 
adduct copper(I1) alkanoates exhibit extreme temperature dependent behavior; the room 
temperature spectra show a single broad fine centered on gc2.1, however as the tempera- 
ture is lowered triplet state features appear. The corresponding pyridine adducts give typi- 
cal triplet state spectra at all temperatures. This temperature behavior can be interpreted 
in terms of interdimer interactions in copper(I1) alkanoates having the polymeric structure. 
The observed resonance lines are used to calculate the zero- field splitting parameters D 
and E. The spin Hamiltonian and zero- field splitting parameters are used to estimate the ex- 
change parameter J. The values of 1251 for the compounds investigated are in the range 
of 3OO-4OO cn- ' and suggest that the copper(I1) ions are strongly antiferromagnetically 
coupled. 

*The preliminary part of this work was presented at the XV International Conference 
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Keywork  Copper carboxylates; ESR; Effect of coordinated base; Binuclear complexes; Fatty 
acids; Interdimer interaction 

INTRODUCTION 

Magnetic interactions of copper(I1) carboxylates and associated com- 
pounds have drawn much interest over the past 45 years and consequently 
a great deal of experimental and theoretical work has been done [l]. This 
work has shown that complexes of the general formula CU~(RCOO)~ and 
their adducts, {CU(RCOO)~ LI2, are antiferromagnetic in nature and spin 
coupling between the unpaired electrons of copper(I1) ions operates pre- 
dominantly by a superexchange interaction via the bridging carboxylate 
ligand. It has also been found, that the magnetic behavior correlates with 
pK, values of the parent carboxylic acids or polarizability of the R group, 
and donor strength of the axial ligand L. 

Although many dimeric copper(I1) carboxylates have been studied [2] 
employing spectroscopic, magnetic and X-ray crystallographic techniques, 
investigations on copper(I1) complexes with higher carboxylic acids apart 
from propionates and butyrates are far less common. Recently, increased 
interest in copper(I1) compounds exhibiting thermotropic columnar meso- 
phases [3] have stimulated studies of binuclear copper(I1) alkanoates with 
n = 6  to n = 2 2 ,  n being equal to the number of carbon atoms of the 
corresponding fatty acid. However, the main emphasis has been on the 
thermal behavior of such compounds [4] and therefore we directed our 
interest to their magnetic properties. In the present paper we report the 
temperature dependent X-band ESR study of copper(I1) carboxylates with 
fatty acid chains, tetrakis(p-alkanoato-0,O') dicopper(II), as well as their 
pyridine adducts, tetrakis(p-alkanoato-0,O') bis(pyridine) dicopper(I1) 
(Fig. 1). 

L 
I 

I 
L 

FIGURE 1 A schematic view of the molecular structure of binuclear copper(I1) alkanoate. 
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COPPER(I1) CARBOXYLATES 131 

EXPERIMENTAL 

Materials 

The fatty acids (heptanoic, octanoic, nonanoic, decanoic and dodecanoic) 
and copper(I1) sulfate were purchase from Fluka Chemica. All chemicals 
were reagent grade with > 98% purity. 

Synthesis 

Copper(I1)- heptanoate,-octanoate,-nonanoate,-decanoate and dodecano- 
ate complexes were synthesised by the direct metathesis of the correspond- 
ing sodium soap (0.01mol) in a slightly acidic aqueous solution with the 
required amount of copper sulfate (0.005 mol) solution, as described pre- 
viously [2a]. The crude copper soaps were purified by recrystallization from 
boiling methanol with overall yields of 80- 90%. 

The green products of the type C U ~ X ~ ( P Y ) ~  (X= heptanoate, octanoate, 
nonanoate, decanoate and dodecanoate; py = pyridine) were prepared by 
heating pyridine (0.02 mol) with copper(I1) carboxylate (0.01 mol) in hot 
acetone. The mixture was stirred, filtered and left at room temperature. The 
green crystals were collected by filtration and dried at room temperature. 
Anal. Calc. for (C28H5208C~2): Cu, 19.7; C, 52.2; H, 8.1. Found: Cu, 19.6; 
c, 52.1; H, 8.1 %. Anal. Calc. for (C32H6008CU2): Cu, 18.2; c, 54.9; H, 8.6. 
Found: CU, 18.3; c ,  55.1; H, 8.4%. Anal. CdC. for (C36H6808CU2): CU, 16.8; 
C, 57.2; H, 9.1. Found: Cu, 16.7; C, 56.0; H, 8.8%. Anal. Calc. for 
(C40H7608CU2): CU, 15.6; c ,  59.2; H, 9.4. Found: cu,  15.7; c ,  59.8; H, 
9.1 %. Anal. Calc. for (C48H9208CU2): CU, 13.7; C, 62.4; H, 10.0. Found: C U ,  
13.4; c ,  62.4; H, 9.8%. Anal. Cak. for (C38H62N208CU2): CU, 15.8; c ,  56.9; 
H, 7.7; N, 3.5. Found: Cu, 15.5; C, 55.5; H, 7.6; N, 3.5%. Anal. Calc. for 
( C ~ ~ H ~ O N ~ O ~ C U ~ ) :  Cu, 14.8; C, 58.8; H, 8.2; N, 3.2. Found: Cu, 15.0; C, 

H, 8.6; N, 3.0. Found: Cu, 13.3; C, 59.6; H, 8.4; N, 3.0%. Anal. Calc. for 
58.1; H, 8.2; N, 3.3%. Anal. Cak. for (C46H78N20&U2): CU, 13.9; c ,  60.4; 

(CsoH86N2O8CU2): cu,  13.1; c ,  61.9; H, 8.9; N, 2.9. Found: CU, 13.4; c ,  
61.8; H, 9.0; N, 3.0%. Anal. Cak. for (C&102N20&U2): Cu, 11.7; c ,  64.4; 
H, 9.5; N, 2.6. Found: Cu, 11.2; C, 64.4; H, 9.5; N, 2.7%. 

ESR Measurements 

ESR spectra were recorded using a Bruker SRC 200D spectrometer 
operating at  X-band with a modulation of 100 kHz over the temperature 
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132 M. VALKO et al. 

range 100-300K. Low temperatures were reached by using the Bruker 
variable temperature unit. 

RESULTS AND DISCUSSION 

The ESR spectra of the copper(I1) heptanoate and its pyridine adduct in the 
temperature range 100-295 K are presented in Figures 2 and 3, respectively. 
Spectra of the other copper(I1) alkanoates and their adducts are similar 
to those presented and show features corresponding to dimeric copper(I1) 
carboxylates [5 ] .  These spectra are governed by the usual S =  1 spin 

0 2000 4000 6000 8000 

Magnetic Field (Gauss) 

FIGURE 2 The ESR spectra of the copper(I1) heptanoate taken at various temperatures: 
(a) 295 K; (b) 250 K; (c) 200 K, (d) 150; (e) 100 K. 
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FIGURE 3 The ESR spectra of the pyridine adduct of copper(I1) heptanoate taken at various 
temperatures: (a) 295 K (b) 250 K; (c) 200 K; (d) 150 K; (e) 100 K. 

Hamiltonian [6] 

A = p B .  i .  5 + D  3; - -S(S+ 1) + E(3:  - 3;) 
[ 3  l l  

where D and E are the zero-field splitting parameters; x ,  y ,  and t are a 
principal axis coordinate system fixed with respect to the Cu-Cu bond, 
and the other symbols have their usual meaning [6]. When the external 
magnetic field is along, respectively, the x,  y and z direction; solution 
of the spin Hamiltonian (l) ,  in the bases of triplet wave function - pure 
states [7], yields six allowed (Am, = 1) ESR transitions at resonance 
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134 M. VALKO et al. 

fields given by [8] 

where Bo = hv//3ge, D’ = D/pge and E = E/pg,; ge is the free electron g value. 
For example, Bxl and Bx2 are the two Am,= 1 resonance fields when the 
magnetic field is along the x direction. In powders it is, of course, impossible 
to align the magnetic field along a given direction and the observed spectrum 
is a sum over all possible orientations. It has been shown [8], however, that 
sharp discontinuities in the absorption curve occur at just the values of the 
magnetic field given by Eq. (2) so that even in powders, the axial resonance 
fields may be obtained and from them we may calculate g,, gy, g,, D and E. 
It is also known from the angular dependence of the field position and 
transition probability for dimers, that for D < 112 hv, the contribution to the 
spectra from the forbidden Am,=2 transition is not negligible [9,10]. 
Because the forbidden transition is quite isotropic, only one line will appear 
in the powder spectra. If D > 1/2 hv, which is the case of copper carboxylate 
dimers measured at X-band frequency, the contribution of the forbidden 
transition to the spectra can be neglected, and then the lines at the resonance 
fields B,, and B,,l and the Am, = 2 line can no longer be observed and the 
powder spectrum will consist of only four lines. Moreover, if E= 0 the num- 
ber of lines observable is reduced to three. 

The room temperature ESR spectra of non-adduct copper alkanoates 
(Fig. 2) as well as spectra taken above 200K show extremely broad ab- 
sorption bands centered on g M 2.1 with an indication of lines typical of the 
dimeric unit (&I, B12,  &2). As the temperature is lowered below 200 K, 
the triplet state features at about 200, 4800 and 6100G emerge. At 100K, 
the spectra consist of four lines corresponding to BZ1, Bx2, By2 and Bz2 
transitions. Similar behavior to this was also observed for other copper car- 
boxylates [ 1 11, e.g., copper n-butyrate monohydrate. 

In contrast to Cu2X4 complexes, the pyridine adducts (Fig. 3) at room 
temperature show very well resolved triplet state spectra. The spectra of 
copper heptanoate, octanoate, nonanoate and decanoate exhibit three 
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COPPER(I1) CARBOXYLATES 135 

transitions at the resonance fields &I,  BLz (Bx2 = 4 2 )  and B22; the spectrum 
of copper dodecanoate consists of all four lines (B,2#B,,2). As the 
temperature is lowered, the line corresponding at room temperature to BL2, 
is split into two lines (Bx2, 4 2 )  which shows that IE I is small but non-zero. 
This splitting is more significant at lower temperatures and is due to the lack 
of axial symmetry in the system which causes g ,  and g,, to be different, and 
also introduces the zero-field splitting term E ( i 2  - 5;) into the spin 
Hamiltonian (1). From the low temperature spectra it can also be clearly 
seen that, in all cases, the low-field part of the spectrum exhibits addition- 
al lines, a septet with a hyperfine splitting of 65G, which is due to the 
interaction of the unpaired electrons with two equivalent copper nuclei 
(Z=3/2) within the dimer unit. In addition, for the heptanoate, decanoate 
and dodecanoate complexes, the high- field, Bz2, transition also shows 
seven lines. The ESR spectra of all compounds investigated show reso- 
nances at positions expected for mononuclear copper(I1) species with 
the spin Hamiltonian parameters: gll w 2.3, gL w 2.04 and All M 135G; 
All(mononuclear) w 2A21,,2(binuclear) [ 121. However, these parameters do 
not enable us to decide what form the mononuclear impurity takes since it 
could be a monomeric copper carboxylate complex or adsorbed copper(I1) 
ions, although it has been observed that in zinc-doped binuclear copper(I1) 
systems the non interacting copper(I1) ions have almost identical g-values to 
those of the interacting species [ 1 h, 31. The spin Hamiltonian parameters 
(D, E and g values) for dimeric species were determined by an iterative 
procedure [14] using Eq. (2) and they are summarized in Table I. 

Bleaney and Bowers [la], and Ross and Yates [15] showed that, when 
isotropic exchange interaction is comparable in magnitude with the spin- 
orbit coupling, the zero-field splitting parameter D involves the sum of terms 
arising from the exchange (DeX, pseudo-dipolar term) and the dipole - dipole 
(Ddd dipolar term) interactions, and is given by 

Since exchange coupling between the copper(I1) centers is antiferromag- 
netic, the exchange parameter J is negative (as defined). This parameter is a 
measure of exchange interaction; 1251 value is the energy of the singlet - 
triplet separation. The zero-field splitting parameter, D, determined from 
experimental spectra was assumed to be positive on the basis of Eq. (3), the 
distance between metal ions, r, was taken as 2.60A for non adduct copper 
alkanoates and 2.65A for their pyridine adducts [16,17]. The values of the 
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136 M. VALKO et al. 

TABLE I ESR data for the copper(I1) alkanoates and their pyridine adducts (A = heptanoate, 
B = octanoate, C= nonanoate, D = decanoate, E = dodecanoate) 

IEl - J  

A 100 2.015 
B 100 2.024 
C 100 2.012 
D 100 2.017 
E 100 2.022 

A 295 2.071 
100 2.060 

B 295 2.070 
100 2.072 

C 295 2.043 
100 2.039 

D 295 2.069 
100 2.080 

E 295 2.051 
100 2.073 

2.292 
2.294 
2.290 
2.288 
2.299 

2.299 
2.307 
2.308 
2.327 
2.288 
2.300 
2.306 
2.321 
2.284 
2.310 

alkanoate complexes 
0.332 0.010 161 
0.333 0.009 161 
0.331 0.010 161 
0.331 0.010 165 
0.331 0.010 154 

pyridine adducts 
0.347 - 200 
0.347 0.003 173 
0.347 - 185 
0.347 - 162 
0.353 - 187 
0,352 - 167 
0.347 - 187 
0.345 0.005 179 
0.346 0.005 196 
0.346 0.006 186 

exchange parameters, calculated from Eq. (3) are summarized in Table I. 
The -2J values of the compound investigated are in the range of values 
(200- 500 cm - ’) found for dimeric copper(I1) carboxylates and their 
adducts and suggest that the copper(I1) ions are strongly antiferromagne- 
tically coupled. The values estimated for pyridine adducts are somewhat 
higher than those for non-adduct alkanoates. This effect has been attributed 
to the donor molecule [Id, 181 (pyridine), which has a tendency to donate 
electron density to the central copper(I1) atom. The electron transfer reduces 
the positive charge on copper ions, consequently any repulsions between 
them and also allows the metal 3d orbitals to expand giving better overlap. 

As was shown on Figures 2 and 3, the non-adduct copper alkanoates, in 
contrast to their pyridine adducts, exhibit a marked temperature dependence 
in the ESR spectra. We note, that similar to previous studies [l la] the effect 
of chain length in respect to the magnetic properties of copper alkanoates 
appears to be negligible. The temperature dependent behavior of ESR 
spectra could be interpreted in terms of interdimer interactions. From 
the crystallographic data it is known, that in anhydrous complexes the 
carboxylate-bridged dimers are linked into one-dimensional polymeric 
chains by apical Cu-0 interactions of length -3.08L [16]. As a consequence 
of the polymeric structure of these complexes, the excited triplet states 
undergo a mutual exchange interaction (intermolecular exchange); the 
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COPPER(I1) CARBOXYLATES 137 

probability for intermolecular exchange to occur is dependent on the 
concentration of the molecules in the thermally populated triplet state. Due 
to this type of interaction, the triplet states are delocalized and the triplet 
excitons exhibit the ability to migrate through the crystal lattice. As was 
shown by Yablokov et al. [I 91, intermolecular exchange interaction, which 
results in migration and interaction (collision) of triplet excitons, or more 
precisely the exchange frequency, is strongly temperature dependent and 
leads to broadening of the spectra at higher temperatures. Indeed, as 
the paramagnetic triplet state becomes more depopulated with decreasing 
temperature this interaction reduces exponentially; so that, at low tem- 
peratures, the spectra are similar to those originating from separated 
molecules in the triplet state. In the case of pyridine adducts, where the 
interdimer distance is w 9 A  or more [17], the dimeric molecules are suffi- 
ciently well separated that intermolecular exchange does not take place 
and consequently the ESR spectra at room temperature are well resolved 
and show the typical triplet state features. 
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