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  Abstract  

 
 A new linear trinuclear complex [Cu3L2(CCl3COO)2] (1) [H2L = N,N´–

bis(2–hydroxyacetophenone)propylenediimine] has been synthesized and 

characterized by IR and UV/vis spectroscopic studies. The crystal structure 

of the complex, determined by X-ray single-crystal diffraction, consists of 

strictly linear trimer of copper atoms. The adjacent copper(II) centers are 

linked by double phenoxo bridges and a carboxylato bridge. The central 

copper atom adopts distorted octahedral geometry while each terminal 

copper atom has square-pyramidal geometry. 
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1. Introduction  

The study of trinuclear copper(II) systems assumes a special position in 

coordination chemistry due to their novel structural and magnetic properties [1]-[5]. In 

addition, such complexes have gained attention as potential biomimic models after the 

discovery of tricopper active sites in several copper oxidase like laccase or ascorbate 

oxidase [6],[7]. The use of bis(salicylidene) ligands with polymethylene spacers of varying 

flexibility allowed us to regulate their electronic and steric demands which could 

effectively modulate structural versatility enlightening spin and valence change 

phenomena. Previously our research group reported the magneto-structural correlation of 

some phenoxo-bridged linear trinuclear copper(II) complexes [8],[9] of the symmetrical 

N2O2 donor Schiff Base H2L, N,N′-bis(2-hydroxyacetophenone)propylenediimine, derived 

from 2:1 condensation of 2-hydroxyacetophenone and 1,3-diaminopropane (Scheme 1). In 

continuation of my research on linear trinuclear copper(II) complexes, a new complex 

[Cu3L2(CCl3COO)2] (1) has been synthesized and this paper describes spectral 

characterization and structural features of this complex.  
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2. Experimental Section 
 

2.1. Materials and Methods 

All the chemicals were purchased from Aldrich Chemical Co. and were used as 

received without further purification. All the solvents were of reagent grade. Copper(II) 

trichloroacetate was prepared by the treatment of basic copper(II) carbonate, 

CuCO3.Cu(OH)2 with 60% trichloroacetic acid followed by slow evaporation on a steam 

bath. 

The Fourier transform infrared spectra were recorded on a Perkin Elmer RX I FT-

IR spectrometer with a KBr disc in the range 4000-200 cm-1. The electronic spectra were 

recorded on a Perkin Elmer Lambda 40 UV/Vis spectrophotometer using HPLC grade 

acetonitrile in the range 200-800 nm. Elemental analyses (C, H, N) were carried out using 

a Perkin Elmer 2400 II elemental analyser. 

 

2.2. Synthesis of the Complex 

The Schiff base ligand H2L was prepared following the procedure described earlier 

[9]. The methanolic solution of 2 mmol (0.621 g) H2L was added to a methanolic solution 

of Cu(CCl3COO)2 (1.165 g, 3 mmol). The mixture was refluxed for 45 minutes at 65°C. 

After 3 days block shaped single crystals were isolated from the filtrate. Anal. Calcd for 

C42H40Cl6Cu3N4O8: C, 44.54; H, 3.56; N, 4.95%. Found: C, 44.48; H, 3.50; N, 4.82%. 

 

2.3. X-ray Structure Determination 

The air stable single crystal of complex 1 (C42H40Cl6Cu3N4O8, M = 1132.10) has 

dimension of 0.32  0.25  0.12 mm3 with triclinic crystal system and P-1 space group:  a 

= 10.6287(5) Å, b = 10.9526(6) Å, c = 19.3643(11) Å,  = 75.552(2)°,  =87.424(2),  = 

81.380(2), V = 2158.2(2) Å3, Z = 2, Dcalc =1.742 g cm-3,  =1.895 mm-1, F(000) =1146.   

Intensity data were collected on single crystals at 100 K on a Bruker X8 Apex 2 

CCD diffractometer equipped with a graphite monochromator and Mo-Kα radiation (λ = 

0.71073 Å). The structure was refined by full-matrix least-squares methods on F2 with 

SHELXTL program [10]. Multiscan absorption correction was applied using SADABS 

[11]. All non-hydrogen atoms were refined anisotropically.  

CCDC 1823836 contains the supplementary crystallographic data for 1. This can be 

obtained free of charge from the Cambridge Crystallographic Data Center via 

http://www.ccdc.cam.ac.uk/data_request/cif. 

 

 

3. Results and Discussion  

 

3.1. Crystal Structure 

The perspective view of 1 with the atom labeling scheme is shown in Figure 1. The 

adjacent CuII ions in the linear trinuclear array of complex 1 are bridged by two μ–

phenolato oxygen atoms of the deprotonated Schiff base ligand L2- and one bidentate 
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bridging CCl3COO¯ anion. Both the carboxylates bridge the terminal Cu2 and central Cu1 

centers in a syn–syn fashion but are mutually trans- to each other owing to the 

centrosymmetric nature of the complex. Selected bond lengths and angles of 1 are 

summarized in Table 1. The coordination sphere of central Cu1 in complex 1 can be 

described as distorted octahedral since the equatorial Cu-O bond lengths are distinctly 

shorter than the axial Cu-O bond lengths. The equatorial plane of the central Cu1 is 

constructed by two bridging phenoxo oxygen atoms (O1A and its symmetry related 

counterpart) from two Schiff base ligands and two oxygen atoms (O3A and its symmetry 

related counterpart) from the two bridging carboxylates, while the apical positions of the 

octahedron are occupied by the other two bridging phenoxo oxygen atoms (O2A and its 

symmetry related counterpart). Since the central Cu1 atom is located on an inversion 

center, all the three trans- angles are 180. Two pentacoordinated terminal copper atoms 

have an identical environment, owing to the crystallographic inversion symmetry. For a 

pentacoordinated metal center, the distortion of structure from trigonal bipyramidal (TBP) 

to square pyramidal (SP) can be evaluated by the Addison distortion index, τ, defined as          

τ = [|θ – Φ|/60], where θ and Φ are the two largest coordination angles; τ = 0 for perfect SP 

and 1 for ideal TBP [12]. In complex 1 the calculated τ value of 0.04 suggests an almost 

perfect square pyramidal geometry for the terminal copper atoms. The equatorial plane of 

each of the two equivalent terminal copper atoms is formed by the two imine nitrogen 

atoms and two phenolic oxygen atoms. The apical position is occupied by an oxygen atom 

from the bridging carboxylate group. Cu2 is displaced from the mean equatorial plane 

constructed by N2O2 donor set of the Schiff base ligand by 0.156(3) Å towards the axial 

oxygen O5A#.  

 
Figure 1. ORTEP view of 1 with atom labeling scheme. Ellipsoids are at the 50% probability level. 

(Symmetry code: # -x+1,-y+2,-z). 

 

The title complex [Cu3L2(CCl3COO)2] (1) is isostructural with the complexes 

[Cu3L2(CH3COO)2] and [Cu3L2(CF3COO)2] which were reported earlier by our research 

group. In this series of complexes the versatility of the bridging carboxylates present are 

greatly enhanced due to different groups as substituents (RCOO–; R= CH3, CF3, CCl3). 
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This provides us a scope to analysis the effect of electron withdrawing group of the on the 

structures. With increasing electron withdrawing nature of the substituents i.e., CH3  CCl3 

 CF3, the geometry of terminal copper(II) centers tends to perfect square pyramidal (as 

shown in Table 2). 

 

Table 1. Selected bond lengths (Å) and bond angles () for 1 

Bond Lengths (Å) Bond Angles () 

Cu(1)-O(3A) 1.999(7) O(3A)#-Cu(1)-O(1A) 91.2(3) 

Cu(1)-O(1A) 2.066(7) O(3A)-Cu(1)-O(1A) 88.8(3) 

Cu(1)-O(2A) 2.261(7) O(3A)-Cu(1)-O(2A) 88.9(3) 

Cu(2)-O(2A) 1.934(7) O(1A)-Cu(1)-O(2A) 73.8(3) 

Cu(2)-O(1A) 1.984(7) O(1A)#-Cu(1)-O(2A) 106.2(3) 

Cu(2)-N(2A) 1.995(8) O(2A)-Cu(2)-O(1A) 83.2(3) 

Cu(2)-N(1A) 2.004(8) O(2A)-Cu(2)-N(2A) 89.6(3) 

Cu(2)-O(5A)# 2.273(7) O(1A)-Cu(2)-N(2A) 170.1(3) 

  O(2A)-Cu(2)-N(1A) 167.6(3) 

  O(2A)-Cu(2)-O(5A)# 90.7(3) 

  N(2A)-Cu(2)-O(5A)# 99.8(3) 

Symmetry code: # -x+1,-y+2,-z 

 

 

Table 2. Comparative analysis among three trinuclear complexes 

 Cu (Terminal) – O (acetate)  Bond length 

(Ǻ) 

 Geometry of terminal 

copper(II) center 

[Cu3L2(CH3COO)2] 2.2305(18) 0.32 Distorted Square pyramidal 

[Cu3L2(CCl3COO)2] 2.273(7) 0.04 Almost perfect Square 

pyramidal 

[Cu3L2(CF3COO)2] 2.312(3) 0.01 Perfect Square pyramidal 

 

 

3.2. IR Spectra 

The solid state Fourier transform infrared spectrum of complex 1 is fully consistent with 

its single crystal structure (Figure 2). A strong sharp absorption band around 1625 cm-1 in 

the spectrum of the Schiff base ligand may be assigned for the imine stretching frequency. 

This band is shifted to the lower wave numbers upon complexation with the metal by 35 

cm-1, which can be attributed to the coordination of the nitrogen atom of the imine group to 

the metal ion [13]. Ligand coordination to metal center is substantiated by prominent bands 

appearing at nearly 455 and 375 cm-1 which can be attributed to ν(M–N), and ν(M–O), 

respectively. The asymmetric and symmetric stretching vibrations of trichloroacetate 

appear at 1580 cm-1 and 1435 cm-1 respectively. The separation value between 

νasym(COO¯) and νsym(COO¯): Δν ~ 145 cm-1 , which is smaller than 164 cm-1 observed in 

free trichloroacetate ion, is a clear indication of the bidentate syn-syn bridging mode of the 

carboxylate [14]. 

 

3.3. Electronic Spectrum 

The electronic spectral data for complex 1 in HPLC grade acetonitrile solvent are in 

good agreement with its geometry. Complex 1 shows a broad band centered at 650 nm 

which is a typical d-d band for copper(II) complex [15]. The intense band at 325-360 nm 

region can be attributed to the charge transfer transition from the coordinated unsaturated 

ligand to the metal ion (LMCT) [16].  
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Figure 2. IR spectrum of 1. 

 

4. Conclusion  

In this paper I have reported the crystal structure of a new complex 

[Cu3L2(CCl3COO)2] as a part of our research in the series of linear trinuclear copper(II) 

complexes. Comparative analysis of these complexes helps us to study the effect of 

election withdrawing group present in the carboxylate moiety on the structural features. 

The bonding parameters of the present complex are in good agreement with the prediction 

and this is very vital for developing better understanding of structure-property 

relationships. Further research will be carried out to explore the magnetic exchange 

coupling of this complex. 
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