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Abstract 

The crystal structure of [C,H,(OCOC,H,),TiCl,], which in the presence of 
activators is a good catalyst for olefin polymerization, has been determined by 
X-ray diffraction methods and refined by full-matrix least-squares techniques to 
R = 0.045 for 2000 independent non-zero reflexions. Crystals are orthorhombic, 
space group Pnma, with four molecules in a cell of dimensions: a 11.45(l), h 
14.07(l), c 10.56(l) A. The structure consists of discrete molecules possessing 
crystallographic m (c,) point symmetry. The Ti atoms are octahedrally coordinated 
by four chlorine atoms and two carbonyl oxygen atoms of diethylphthalate. The 
chelating ligand atoms together with the titanium atom form a seven-membered ring 
with the Cl and Ti atoms located above the benzene ring. 

Introduction 

The higher activity of the Ziegler-Natta catalyst for ethylene and propylene 
polymerization, has been based mainly on reaction between magnesium, titanium, 
and organoaluminium compounds. 

Extremely active catalysts for propylene polymerization were prepared by tritura- 
tion of MgCl, with ethyl benzoate, followed by treating the product with TiCl, [l]. 
Polypropylene produced by this method is mainly in the isotactic form. The high 
isotactic index is maintained because of the addition of ethyl benzoate. The 
influence of this ester on the stereospecific course of the propylene polymerization 
reaction has not been explained as yet. Hence, the study of interaction between 
esters and titanium and magnesium compounds is fundamental. It was found, that 
the reaction of TiCI, with esters, depending on reaction conditions produced two 
types of compounds: dimer [(L)CI,Ti(p-Cl),TiCl,(L)], where L = CH,OCOC,H, 
[2], or CzH,OCOC,H,OCH, [3] and monomer cis-[TiCl,(C,H,OCOC,H,),] [4]. 

We have started the examination of reaction between TiCl 4 and diethylphthalate. 
That ester was found to have basic influence on the specific propylene polymeriza- 
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832, space group Prima, MO-K, radiation, h = 0.71069 A, p = 11.5 cm-‘, T = 297 
+ 1 K. 

A sample 0.7 x 0.5 x 0.6 mm was cut from large crystal and sealed in a capillary. 
The Weissenberg photographs showed the crystal to be orthorhombic. From the 
extinction rules there are two possible space groups Pnma and Pn2,a. The intensity 
data were recorded on a Syntex P2, automated diffractometer with graphite-mono- 
chromatized MO-K, radiation. Intensities were measured by 28-w scan up to 

20 = 60”. The intensities of two standard reflexions, monitored after every 50 scan 
intensities, showed no evidence of crystal decay. 2454 reflections were collected of 
which 2000 with I > 1.96a(I) were used for the structure analysis. The structure 
was solved by the heavy-atom method. The Ti atoms were found from the Patterson 
map, and the centrosymmetric space group Pnma was assumed. All other atoms 
were found from successive difference-Fourier syntheses. An absorption correction 
following the DIFABS procedure [5] was applied on isotropically refined data; 
minimum and maximum absorption corrections were 0.848 and 1.267 respectively. 
Full matrix least-squares refinement was carried out on the positional and aniso- 
tropic (isotropic for H) thermal parameters and gave final R = E 11 F,, 1 - 1 F, iI/ 

C I<, 1 = 0.045 and R, = (CWAF2/CWFo2)‘/2 = 0.047, where MI = l/a2(F,,). Neu- 
tral-atom scattering factors were taken from [6]. The Ti, Cl, 0 and C scattering 
factors were corrected for real and imaginary components. Most calculations were 
performed on a NOVA 1200 computer with a locally modified Syntex XTL/XTLE 
programs [7]. Maximum A/a = 0.35, A(p),,, in final difference synthesis was 0.4 
e/A3. The final atomic parameters are listed in Table 1. 

m 
Fig. 1. The molecular structure and numbering scheme of (C,H.,(OCOC2H,)2TiCl.,]. 
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Fig. 3. View of the crystal packing for [C,H4(0COC,Hs),TiCl,] 

is inclined towards the plane C(4), C(4’), O(l), O(1’) by 151” (Fig. 2). The plane 
formed by Ti, O(l), O(1’) is at an angle of 153” to the C(4), C(4’), O(l), O(1’) 
plane. The plane C(l), C(l’), C(4), C(4’) forms an angle of 145” with the plane 
composed of O(l), C(l), C(4), O(2) atoms. The angle of torsion, C(6)-C(5)-0(2)- 
C(4), is - 84(4)“. Thus the methyl group is directed almost vertically towards the 
C(4)-O(1) bond. The Ti-Cl distances vary somewhat but are similar to the terminal 
Ti-Cl distance in the [TiCl,(CH,0COC,H,)]2 [2] and [TiCl,(C,H,OCOC,H,- 
OCH,)], [3], complexes found previously. The C=O bond length in the coordinated 
carbonyl group in ]C,H,(OCOC,H,),TiCl,] is 1.236(3) A and thus very close to the 
C=O bond length 1.23(l) A of the free carbonyl group [8]. 
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