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Report: 
 
The selective conversion of ethene to higher alkenes is a process of signficant importance. Present 
technology is based on a restricted polymerisation process (oligomerisation) and this affords a distribution of 
the formula (C2H4)n which can be modified by alkene metathesis. Direct methods to specific alkenes would 
be both commercially and environmentally desirable. Two important alkenes are 1-hexene and 1-octene. 
Each are important chemical intermediates for the manufacture of materials such as surfactants and polymers. 
A series of early transition complexes have been found to be effective catalyst precursors, and the mechanism 
proposed differs from the chain growth  via insertion of alkenes into a M-C bond. Rather, the key step 
involves the oxidative coupling of two coordinated alkenes to form a metalacyclopentane.1  
 
A series of these precursors are of the type CrCl3(L3), where L3 may be a tridentate ligand, or a bidentate 
ligand with a labile solvento ligand occupying the 6th coordination site on an octahedron. Mechanisms for 
selective oligomerisation have been proposed based on Cr(II/IV) and Cr(I/III) cycles. Depending upon the 
nature of the ligand, catalysis may effect selective trimerisation (L3 = {NH(CH2CH2S-C10H21)2}), 
tetramerisation (L3 = NR(PPh2)2 + THF) or polymerisation (e.g. L3 = E(CH2CH2S-C10H21)2}, E = O or S). So 
a programme of Cr K-edge XAFS studies were carried out on these systems to address two questions: 
1) What is the coordination sphere of the catalysts activated by aluminium reagents and 
2) Can the oxidation state of the metal be established from the XANES patterns of these complexes? 
 
XAFS spectra on a series of chromium compexes of different oxidation states, geometry and ligand sets were 
recorded on BM26A, which afforded spectra of good resolution and signal/noise.  The normalised XANES of 
a selection of these complexes is shown in Figure 1.3 These spectra are rich in detail and show a generally 
increasing trend with oxidation state. These complexes are predominantly with hard donor ligands. 
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Figure 1. Left: Cr K-edge XANES of a selection of chromium complexes of different oxidation states; Right 
a plot of the energy of the spectral features.  
 
The catalyst precusors of the type CrCl3(L3) however contain a mixture of hard and soft donor ligands and in 
an octahedral geometry can adopt fac and mer isomers. Figure 2 shows a plot of the main edge position of 
these and related Cr(III) complexes. These show almost the same range of positions as in Figure 1 which 
spans up to Cr(VI). Two observations appear clear: (i) there is a signficant (8 eV) edge shift on changing 
from a chloride ligand environment to one of oxygen donors and (ii) there is a distinction in the behaviour of 
fac and mer complexes of the type CrCl3(L3). The fac isomers show little variation with the nature of the 
tridentate ligand, whilst the  mer isomers show a higher energy position for the edge ( up to 4 eV) and a 
larger variation. So an estimated mean edge position for a mixed ligand set would not be appropriate if there 
were a change in geometry. These results show that much care should be applied when seeking to establish 
an oxidation state for a complex of unknown geometry. 
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Figure 2. Main edge 
positions of a series of 
Cr(III) complexes. 


