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The purpose of this paper is the investigation of the coordination way of a ligand in the dibenzofuran series (namely 
3-thio-benzoylamino-dibenzofuran, TBADBF) to Ni(II), Pd(II) and Pt(II) ions based on spectral analysis. The absorption 
maxima occurring in the electronic spectra of the free heterocyclic ligand TBADBF and of the [M(TBADBF)Cl2] 
square-planar complexes, where M = Ni(II), Pd(II) and Pt(II) have been interpreted using the EHT-MO approach. It has 
been shown that the electronic transitions in the spectrum of TBADBF are due to an electron transfer involving electron 
lone pairs of sulfur and oxygen. Some of them are shifted toward higher wavenumbers in the spectra of the complexes 
as a consequence of the coordination. The band shifts are caused either by the mixing with d-metal orbitals or by the 
energy lowering of the MO levels caused by the coordination of the donor atoms to the transition metal ions.  

INTRODUCTION 

During these last years, some new complex compounds of Ni(II), Pd(II) and Pt(II) with heterocyclic 
(N, S) ligands of the dibenzofuran series have been synthesized and studied.1–5 

These complexes have the general formula [MLCl2], where M denotes one of the previously 
mentioned d8 metal ions and L one of the ligand mentioned above. They all have been characterized by 
chemical analyses, UV, visible, IR, EPR and NMR spectral analyses, as well as by conductivity and 
magnetic susceptibility measurements. It has been shown that the metal ion M coordinates the ligand L by 
means of the sulfur and nitrogen atoms from the “thioamide” group and also that the geometry of the 
complex compound [MLCl2] has a square-planar geometry. An attempt to interpret the absorption electronic 
bands has also been made. 

The purpose of this paper is to perform a quantum-molecular study of the absorption bands proper to 
such an organic ligand and its three complex compounds with Ni(II), Pd(II) and Pt(II), in order to get 
information about the real coordination way. 

The ligand is 3-thio-benzoylamino-dibenzofuran (TBADBF).6 

EXPERIMENTAL 

The synthesis of the free organic ligand (TBADBF)6 and the preparation procedure of its complex compounds with Ni(II), 
Pd(II) and Pt(II)1 were already reported. 

Instruments 

The electronic spectra for the free and coordinated ligand were performed by means of a Unicam UV-VIS 2-300 
spectrophotometer. 
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RESULTS  AND  DISCUSSION 

The molecular geometry of the free organic ligand (TBADBF) was optimized using the Molecular 
Mechanics approach (MM+), the Cartesian coordinates for all the atoms being obtained from HYPERCHEM 
7 (trial version). 

Fig. 1 presents the structure of the molecule, obtained by means of the mentioned computational 
program. Fig. 1.a shows the symbol of any atom in the chemical compound, while Fig. 1.b gives the 
numbering of the atoms in molecule done by HYPERCHEM 7. 

 

 
Fig. 1 – The structure of the ligand (TBADBF): a – the chemical symbols of the 
 atoms; b – the atom numbering given by HYPERCHEM 7 (trial version). 

As far as the actual spatial displacement of the main parts of the molecule is concerned, it must be 
taken into account that, obviously, the atoms C12, C1, S13 and N14 are coplanar, while the fragment S13-C12-

N14-C30 exhibits a torsion angle around 34°, the fragment C12-N14-C30-C29 exhibits a torsion angle of 38° 

and, on the other side, the fragment S13-C12-C1-C5 exhibits a torsion angle of 58°.  
The structure of the square-planar [M(d8)LCl2] complex compound which is not represented herein, 

was also obtained with the same program (PM3), the central nickel ion being denoted as the 36th atom, 
while for the two chlorine atoms have the numbers 37 and 38. 

The Cartesian coordinates for all atoms in the transition metal complex and in the free ligands were 
used into the ICONC program (an improved version of ICON specially adapted for the transition metal 
ions).7 

The VSIP’s and Slater exponents were those recommended by the ICONC library, apart from the 
VSIP’s for the 4s, 4p and 3d levels for the metal ion, that would lead to the unacceptable conclusion that the 
σ coordinative bonding would have a “back-donation” character. Thus, these parameters were replaced by 
the ones proposed by Underwood et al.8 
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The choice of the EHT program in Calzaferri’s version7 is also motivated by the character of the 
molecular level order in the transition metal compounds. There are many situations, where for organic 
ligands, in the transition metal complexes, the empty or partially filled with electrons “d” antibonding levels 
are situated lower than those proper to the ligands. Usually, practically all LCAOMO programs, 
semiempirical or even ab initio, fill up with electrons the molecular levels acoording to the quantum 
principle of eletrons indiscernibility. It happens in this situation that MO levels practically localized on the 
metal ion be completely filled with electrons in total disagreement with the experimental evidence. 

The EHT calculations were performed without iteration upon charge and configuration, the EHT 
practice showing that the results obtained in this way are more reliable. 

Table 1 gives comparatively the energies for the most important molecular orbitals, as far as the 
coordination process is concerned. The MO numbering is that given by the ICONC program (their 
occupation with electrons is also presented). 

Table 1 

The energies for the most important molecular orbitals of TBADBF and [Ni(TBADBF)Cl2] and their occupation with electrons 

TBADBF [Ni(TBADBF)Cl2] 

Molecular orbital ε (eV) Occupation number Molecular orbital ε (eV) Occupation number 

ψ43 –6.801 0 48′ψ  –6.835 0 

ψ45 –7.355 0 49′ψ  –7.228 0 

ψ47 –8.447 0 50′ψ  –7.262 0 

ψ49  –10.939 2 58′ψ   –11.602 2 

ψ52  –11.916 2 59′ψ   –11.992 2 

In order to perform the quantum-molecular interpretation of the absorption maxima occurring in the 
electronic spectrum of the ligand and also in the electronic spectra of the three complex compounds, one 
must first write down the expressions for the molecular wavefunctions that might be involved into the 
coordination, i.e. HOMO, LUMO and a few others, either occupied molecular orbitals having high energies 
or unoccupied molecular orbitals having low energies.5,9 

Keeping the most important coefficients only, these molecular wavefunctions have the following 
expressions for TBADBF (the p and d orbitals were simply denoted by x, y, z and z2, x2 – y2, xy, xz, yz 
respectively): 

ψ43 ≈ –0.2604 O34(x) + 0.2494 O34(y) 

ψ45 ≈ –0.2712 S13(y) + 0.2301 S13(z) + 0.3397 C12(y) – 0.3904 C12(z) – 0.2477 N22(y)  

ψ47 ≈ –0.2040 S13(y) + 0.2216 S13(z) + 0.2031 C12(y) – 0.2756 C12(z) + 0.2884 C27(x) +  

+ 0.3857 C27(y) – 0.2438 C27(z) – 0.2738 C30(y) + 0.2845 C29(x) + 0.3327 C29(y) 

ψ49 ≈ 0.8308 S13(x) – 0.3231 S13(y) 

ψ53 ≈ 0.4860 O34(x) + 0.4581 O34(y) – 0.2165 O34(z) 

Following the same procedure, the expressions for the most important wavefunctions in the complex of 
TBADBF with Ni(II) are the ones given bellow: 

48′ψ ≈  –0.3613 O34(y) + 0.3829 C20(y) – 0.2097 C25(x) + 0.4411 C25(y)  

49′ψ ≈  –0.3997 C16(y) + 0.3828 C17(y) – 0.4151 C20(y) + 0.3526 C19(y) + 
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+ 0.3638 C25(y) – 0.3182 C27(y) + 0.3312 C28(y) – 0.3193 C29(y) 

50′ψ ≈  0.4958 C2(x) + 0.3091 C2(y) – 0.5282 C3(x) – 0.3393 C3(y) + 

+ 0.4419 C6(x) + 0.2829 C6(y) – 0.4759 C5(x) – 0.3089 C5(y) 

58′ψ ≈  0.7578 S13(z) + 0.2461 S13(y) – 0.3751 Ni36(z2) 

59′ψ ≈  0.6444 O34(y) – 0.3047 O34(x) 

These expressions constitute the theoretical basis for performing the most probable assignments for the 
absorption maxima occurring in the UV-VIS spectra of TBADBF and [Ni(TBADBF)Cl2]. 

In assigning these transitions, beside the energetic criterion, the “zonal criterion” has also been taken 
into account.  

According to this criterion, it is very little probable for a transition to take place between two 
molecular orbitals practically localized on heteroatoms situated in two completely different areas of the 
quantum system. 

Conversely, it is correct to presume that it is possible for a maximum to be assigned to a transition 
involving lone pairs of the same heteroatom, even though this particular one might not exhibit a great 
compatibility with the experiment. 

All the assignments for the transitions corresponding to the free and coordinated ligand are 
summarized in Table 2. 

Table 2 

The assignment for the electronic absorption bands of TBADBF and [Ni(TBADBF)Cl2] 

TBADBF [Ni(TBADBF)Cl2] 

Eexp.(eV) Ecalcd.(eV) Assignment Eexp.(eV) Ecalcd.(eV) Assignment 

2.244 2.492 ψ49 → ψ47 – – – 

3.609 3.584 ψ49 → ψ45 – – – 

– – – 4.196 
58 50′ ′ψ → ψ  

58 49′ ′ψ → ψ  

4.340 

4.347 

4.990 5.114 ψ52 → ψ43 4.990 59 48′ ′ψ → ψ  5.157 

One may observe that the first and the second absorption bands in the electronic spectrum of TBADBF 
are assigned to transitions between molecular orbitals where the sulfur atoms play the most important role 
(although ψ47 is extended on the carbon atom in the thioamide group and also on some atoms from the DBF 

heterocycle and, on the other side, ψ45 exhibits relatively important mixing coefficients for the atomic 
orbitals of both the nitrogen atom and the carbon atom in the thioamide group), while the last one is 
attributed to a transition between molecular orbitals actually localized on the oxygen atom.  

Similarly, one may see that the first absorption band in the electronic spectrum of the complex is 
assigned to a transition between molecular orbitals where the sulfur atoms play a significant role, while the 
last one is attributed again to a transition between lone pairs of the oxygen atom.  

The observations mentioned above may help us to get some hints regarding the coordination way of the 
TBADF ligand to the metal ion.  

Namely, the fact that the two first bands in the spectrum of the free ligand have not been found in the 
spectrum of the coordinated ligand shows that the sulfur atom is involved in the coordination.  

Moreover, the involvement of this atom in the coordination process is also proved by the absence in 
the spectrum of the ligand of a corresponding band for the first absorption maxima in the spectrum of the 
complex formed with the nickel divalent ion. 
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CONCLUSION 

The present quantum-molecular analysis leads to the conclusion that the sulfur atom plays a key part in 
the coordination process, while the oxygen atom plays none, so that the nitrogen atom – as the only 
heteroatom left – should also play a main part in it. 

Consequently, the coordination is achieved by means of nitrogen and sulfur, so that 3-thio-
benzoylamino-dibenzofuran (TBADBF) proves itself to be a bidentate (N, S) ligand that combines with 
Ni(II) in a 1:1 ratio. 

As far as the other two d8 metal ions are concerned – namely Pd(II) and Pt(II) – the absorption maxima 
can be interpreted following the same procedure, and the results are very much alike. 
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