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Abstract 

 

The reaction of TiF4 with salts (C2H5)4NF, (CH3)4NCl and (C4H9)4NBr, in anhydrous 

CH3CN produced complexes [TiF4X]- (X=F-,Cl-,Br-). These were characterized by 

elemental analysis, IR, UV/Visible and 81Br NMR spectroscopy. In this paper, the 

optimized geometries and frequencies of the stationary point are calculated at the 

B3LYP/6-311G(d,p) level of theory. Also Harmonic vibrational frequencies and infrared 

intensities for TiF5
−, TiF4Cl− and TiF4Br− are studied by means of theoretical and 

experimental methods. The calculated frequencies are in reasonable agreement with the 

experiment values. 

Keywords: Density Functional Theory (DFT), Titanium Fluoride Complexes, 

IR Frequencies, Structure. 

 

 

Introduction 

 

Titanium tetrafluoride and Lewis bases L normally form 1:2 adducts TiF4L2 [1]. TiF4 

is stable in water and even in basic solution and is not easily hydrolyzed by air moisture, 

unlike the chlorides [2]. Titanium fluoride complexes were found as very efficient and 

enantioselective bifunctional asymmetric catalysts [5]. In this work, we report on the 

synthesis and characterisation of complexes of type [TiF4X]- (X=F-,Cl-,Br-). Obtained 

directly from TiF4 and tetra alkyl ammonium salts. The electronic and vibrational 
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spectra of this complexes have been measured and studied. Structural and energetic 

properties of the experimentally yet unknown gas-phase anions titanium (IV) fluoride 

complexes have been calculated with independent quanta-chemical approaches 

accounting for electron correlation effects. The B3LYP/6-311G levels of calculation  has 

been used for obtaining equilibrium geometries and vibrational spectra. Our calculations 

predict TiF4X (X=F, Cl, Br) complexes to be thermodynamically stable with respect to 

TiF4. The Ti-X stretching mode are predicted to be (1.864, 2.454 and 2.611)±0.015 Å and 

(628, 254 and 180) ±25 cm-1, respectively. The Density Founctional Theory (DFT) 

calculations for harmonic vibrational frequencies compared with experimental FT-IR 

spectra. The observed and calculated frequencies are found to be in good agreement. 

 

 

Computational method 

 

Density functional theory (DFT) calculations were carried out at B3LYP/6- 311G(d,p) 

levels of theory with the Gaussian 03 package of programs [4,5] which combines the 

exact Hartree-Fock exchange with Becke,s and uses the Lee-Yang-Parr correlation 

function in order to include the most important correlation effects. The optimized 

structural parameters were used in the vibrational frequency calculations at the HF and 

DFT levels to characterize all stationary points as minima [6]. Harmonic vibrational 

frequencies (v) in cm-1 and infrared intensities (int) in Kilometer per mole of all 

compounds were performed at the same level on the respective fully optimized 

geometries. 

 

 

Results and discussion 

 

The complex (C2H5)4N[TiF5] was obtained by the reaction of (C2H5)4NF with TiF4 in 

the acetonitrile solvent (reaction (1)). The reaction of TiF4 with (CH3)4NCl in acetonitrile 

solvent gave (CH3)4N[TiF4Cl] (reaction (2)).also the reaction of TiF4 with (C4H9)4NBr in 

acetonitrile solvent gave (C4H9)4N[TiF4Br] (reaction (3)). 

(C2H5)4NF + TiF4 ‹ (C2H5)4N[TiF5] (1) 

(CH3)4NCl + TiF4 ‹ (CH3)4N[TiF4Cl] (2) 

(C4H9)4NBr + TiF4 ‹ (C4H9)4N[TiF4Br] (3) 
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In the present study, all compounds under consideration are carried out with the 

Gaussian 03 program [4,6]. Geometry optimization, Fig. 1, show that symmetry for 

compounds 2 and 3 is C1 while compound 1 has D3h. Selected bond distances and angles 

are reported in Table1. we could not compare the calculation results given in Table 1 with 

the experimental data. Because the crystal structure of the title compound is not available 

till now. B3LYP/6-311G results showed that the Ti-X (X= F, Cl, Br) bond length values 

for the [TiF4X]- in compounds 1-3 are 1.863, 2.453 and 2.610 Å, respectively. Also, the 

Ti-F5 bond length values in [TiF4X]- are 1.863, 1.838 and 1.837 Å, respectively. These 

results reveal that the bond order for Ti-X bonds decrease from compounds 1 to 3, while 

for Ti-F5 bonds, the bond orders increase. It can be concluded that the decrease of Ti-X 

bonds lengths and the increase of Ti-F5 bond lengths in compounds 1-3 result from the 

increase of the hyperconjugation from compounds 1 to 

3. Besides, the 0F2-Ti1-L6 bond angle values in compounds 1-3 are 90.0, 89.1 and 89.0, 

respectively. The decrease of 0F2-Ti1-X6 bond angle values from compounds 1 to 3, could 

again, be explained by the increase of the hyperconjugation from compounds 1 to 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1) (2) (3) 

 
Figure1. Optimized geometries of (1) [TiF5]-, (2) [TiF4Cl]- and (3) [TiF4Br]- at B3LYP/6-311G level 

of theory. 

 

The harmonic vibrational frequencies of all the stationary points at the B3LYP/6- 

311G level along with the available experimental data [1,7-9]. presented in Table2. The 

compounds structure shows the presence of Ti-F stretching vibrations in the region 500- 

800 cm−1 which is the characteristic region for the ready identification of the Ti–F 

stretching vibrations. Hence, the FT-IR bands at 521-675 cm−1 in compounds 1-3 have 

been designated to Ti–F stretching vibration. In general the compounds Ti–F vibrations 

calculated theoretically are in good agreement with the experimentally reported values. 
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Table 1. Geometrical parameters optimized for compounds1-3, bond length (A° ) and angle (○) 

 

B3LYP/6-311G 

 [TiF5]- [TiF4Cl]- [TiF4Br]- 

Bond lengths (A° )    

Ti1-F2 1.8265 1.8092 1.8077 

Ti1-F3 1.8271 1.8072 1.8073 

Ti1-F4 1.8263 1.8087 1.8085 

Ti1-F5 1.8637 1.8389 1.8374 

Ti1-L6 1.8637 2. 4536 2.6107 

Bond angles (○)    

F2-Ti1-F3 119.9 120.1 119.7 

F2-Ti1-F4 120.0 119.9 120.0 

F2-Ti1-F5 90.0 90.78 91.0 

F2-Ti1-L6 90.0 89.1 89.0 

 
 

Table2. Calculated and experimental frequencies for compounds1-3 (cm-1) 

 

 B3LYP/6-311G Exptl 

[TiF5]- 96, 99, 251, 253, 284, 285, 288, 525, 628, 687, 715, 

716 

571, 649,793 

[TiF4Cl]- 94, 97, 215, 218, 254, 274, 275, 292, 607, 659, 742, 

747 

566, 625 

[TiF4Br]- 86, 91, 179, 201, 206, 271, 273,280, 606, 659, 743, 

745 

551, 637 
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