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ABSTRACT Complex fluorinated titanium (IV) derivative of 2, 6- dihydroxybenzoic acid
(L1), 3,5-dihydroxybenzoic acid (L2) and 2,4-dihydroxybenzoic acid (L3) are known for their
great interest in the dental oral area. They are widely used in the prevention of dental caries.
These complexes by spectroscopic methods of analysis (UV-Vis., IR) are synthesized and then
characterized. Since the reactivity of a complex depends strongly on its geometry’s stability,
the most stable geometry of these complexes using molecular modelling is then determined. In
order to calculate the steric energy, bond lengths, bond angles and torsion angles data
molecular mechanics calculations (MM) using Hyperchem software is performed. For this
purpose, the well-known Density Functional Theory calculations (DFT) to study the HOMO
and LUMO properties of this complex is used. Both experimental and theoretical showed a
distorted octahedral structure around the metal ion Ti (IV).
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1. INTRODUCTION

Transition metal complexes are known by their biological and pharmacological activities [1-3]. As the complex activity
depends on its stability, the study of the complex geometry and the determination of the most stable conformation are very
important. Since the difficulty to study this structure by DRX, which requires the obtaining of the complex as a single
crystal, the application of molecular modeling proved to be very useful. Corey and Bailar [4] were the first to apply
molecular mechanics calculations to transition metals systems. With its success in coordination chemistry, molecular
mechanics has become an important tool in this area [5-9]. Most studies of molecular mechanics were applied to
conformation calculations, distribution of isomers and steric energy calculations of complexes.

The charges, the coordinates of the atoms are determined using extended Huckel Theory (EHT) [10-12], which has been
widely used as a semi-empirical method [13, 14].
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The highest occupied molecular orbital energy Enomo, the lowest unoccupied molecular orbital energy Erumo and
energy gap AE are obtained by density-functional theory (DFT) calculations. This method is currently used to determine
structural, electronic, and dynamical properties in materials science [15,16].

This research focuses on Ti (IV) complexes for their use in catalysis [17-23], their great activity against dental caries
[24] and anticancer [25]. The fluorinated Ti (IV) complex derivative of 2,6-dihydroxybenzoic acid (L1), 3,5-
dihydroxybenzoic acid (L2) and 2,4-dihydroxy benzoic acid (L3) are synthesized. Their structures using spectroscopic
analysis methods and molecular modeling calculations are studied.

2. MATERIALS AND METHODS

2.1. Complex synthesis

The complexes using -2, 6-, -3,5- and -2,4- dihydroxybenzoic acids ligands are prepared by dissolving separately, 0.008
mole of ligand and 0.004 mole of TiF4 in a minimum of acetonitrile. The two solutions obtained by adding the ligand
solution on the metal’s one is mixed. The two first complexes were prepared without heating, after vigorous stirring for
two hours. While the third one is obtained by refluxing for four hours and adding sodium acetate. The complex derived
obtained are both an orange solid for the first complex and a yellow one for the second one. The complex derived from L1
is orange while the others are yellow.

2.2. Method of calculation
To optimize the geometry of these complexes and minimize their energies, the molecular mechanics calculations using
Hyperchem (Hypercube Inc. Canada) are applied. Calculations were performed using Fletcher Revees algorithm [26,27],
MM+ force field. The most stable geometry is determined, which has the less steric energy, bond lengths and bond angles.
Electronics properties of the studied compounds have been studied using density functional theory (DFT) at the
B3LYP/6-31G ** levels of theory. The hybrid Becke3-Lee—Yang—Parr (B3LYP) exchange correlation functional was
applied for DFT calculations [28].

3. RESULTS AND DISCUSSION

3.1. Experimental study of Ti(IV) complexes

The synthesized complexes are solid and stable in the open air and at room temperature. Their melting points are above
300°C, suggesting a strong bond between the metal and the ligand. The electronic configuration of Ti (IV) is do. This
suggests diamagnetic property for the three complexes [5,6thése]. Therefore, the magnetic susceptibility of these complexes
is very low and negative. Solubility tests on these complexes reveal that these complexes are insoluble in all common
organic solvents except in DMSO or DMF.

The complexes’ molar conductivity: elemental analysis and molecular weight are gathered in Table 1. Molar
conductivity data indicate that the complexes are non-electrolytic in nature [29,30].

The C, H, O, F and Ti(IV) percentages were determined experimentally; and calculated on the basis of the molar mass
calculated from the proposed formulas for the different complexes. The data show a high agreement between the calculated
and experimental values, which validates the proposed formulas; [TiF2(2,6-dihydroxybenzoic acid),], [TiF2(3,5-
dihydroxybenzoic acid);] and [TiF2(2,4-dihydroxybenzoic acid);]

Table 1. The complexes’ molar conductivity: elemental analysis and molecular weight.

Ti(IV) AOm Calculated data Experimental data
Complex Scm?
mol! - -
C H (6] Ti F Mwea C H (6] Ti F MWexp
% % % % g/mole % % % % % g/mole
L1 7.40" 42.842 | 2.556 | 32.642 12.206 | 9.69 | 392.13 43.090 2.551 32.647 12.213 | 9.490 |392.065
L2 0.90 42.842 | 2.556 | 32.642 12.206 | 9.69 | 392.13 42.790 2.547 | 32.609 12.214 | 9.831 |392.529
L3 1.18 42.842 | 2.556 | 32.642 12.206 | 9.69 | 392.13 42.858 2.551 | 32.650 12.215 | 9.723 [391.990

* in DMF (The others in DMSO)

The IR spectrum of the three complexes compared with those of the free ligand (figurel-3) shows shifts of the C=O
band and the OH (hydroxyl) band, suggesting, the participation of these two groups (C=O and OH) in the bonding. L1, L2
and L3act as bidentate ligands. They are linked to Ti(IV) via the carbonyl oxygen of the carboxylic acid group and the
oxygen of hydroxyl. Bands around 450cm'and 597 ¢cm! regions are attributed respectively to the Ti-O Ti-F stretching
vibration [31]. The appearance of these new bands implies that the metal ion Ti (IV) is bonded to fluorides and oxygen.
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Figurel. IR spectrum in KBr of Ti(IV) complex derivative from dihydroxy-2, 6- benzoic acid
ligand
complex
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Figure 2. IR spectrum in KBr of Ti(IV) complex derivative from 3,5- dihydroxybenzoic acid
ligand
complex

27



I. Aoues, Z. Chaieb, Z. Zizi, M. Benhaliliba. Synthesis and Structural Study of Titanium (IV) Complexes Derivative from 2, 6-; 3,5-and 2,4-
dihydroxybenzoic Acid Molecular Modelling Approach. Turk. J. Mater. 6(2) (2021) 25-34.

8

“‘w,‘_v‘_/—.a-"""‘";

5 - \
£ 8

a

E

g%

=

%_

ﬁ_

T T T T

T
3500 3000 2500 2000 1500 1000 500

nombre d'onde cm!

Figure 3. IR spectrum in KBr of Ti(IV) complex derivative from 2,4- dihydroxybenzoic acid
ligand
complex

The electronic spectra of the complexes in DMFshow wide bands between 200nm and 400nm, centered on 300 nm;
suggesting the existence of an octahedral structure around the metal ion.

3.2. Molecular mechanics calculations

The most stable conformations of the studied complexes are shown in Figures (4-6).

The values of the bond angles and bond lengths are listed in Tables (2-6). These values are more or less different from
those of a regular octahedron suggesting a distorted structure for the three complexes.Bond lengths and bond angles
obtained by calculation coincide with the crystallographic data [32] and data from the literature [33-35].

3.2.1. [Ti F> (2,6- dihydroxybenzoic acid) »]

Themost stablegeometryof[ TiF (2,6- dihydroxybenzoic acid) »](Fig.4) indicates that the ligand isbidentate. The ligand
is linkedto the metal ion Ti (IV) by the oxygen of the carboxyl group and the oxygen of the hydroxyl in the ortho position.
The two oxygen atoms O(3), O(4) occupy the axial positions while O(6), O(7), F(2) and F(5) are in an equatorial positions.
The two fluorine atoms F(2) and F(5) are in cis positions.

cE@”

D

H(18)
H(29)

F(2)

Figure4. The optimized geometry of [Ti F, (L1)a]
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Table2.Some bond lengths for the complex of Ti (IV) derived from 2,6-dihydroxybenzoic acid.

Atoms Bond lengths (A) Atoms Bond lengths (A)
Ti()-Feg2) 2.044 Ti(1)-Fe(5) 2.044
Ti(1)-Oux(3) 1.937 Ti(1)-Ocq(6) 1.931
Ti(1)-Ou(4) 1.937 Ti(1)-Ocq(7) 1.931

Table 3. Some bond angles for the complex of Ti (IV) derived from2,6-dihydroxybenzoic acid.

Atoms Bond angles (degrees) Atoms Bond angles
(degrees)
F (2)-Ti(1)-0 (3) 89.117 O (4)-Ti(1)-O(6) 89.164
F (2)-Ti(1)-0(4) 89.249 O (4)-Ti(1)-O (7) 90.398
F(2)-Ti(1)-F (5) 87.498 F (5)-Ti(1)-O (6) 177.657
F (2)-Ti(1)-0(6) 90.004 F(5)-Ti(1)-O (7) 89.934
F(2)-Ti(1)-0O (7) 117.414 O (6)-Ti(1)-O (7) 92.564
O (3)-Ti(1)-0 (4) 117.794 Ti(1)-0(3)-C(19) 129.691
O(3)-Ti(1)-F(5) 89.284 C(8)-Oux (4)-Ti(1) 129.692
0O(3)-Ti(1)-0O (6) 90.320 Ti(1)-0(6)-C(11) 124.148
O(3)-Ti(1)-0(7) 91.166 C(24)-O(7)-Ti(1) 124.146
Oax (4)-Ti(1)-F(5) 89.162

3.2.2. [Ti F> (3,5- dihydroxybenzoic acid) »]

Themost stablegeometryof [TiF; (3,5- dihydroxybenzoic acid) »] (Fig.5). The ligand is bidentate. It’s linked to Ti(IV)
by the carboxylic oxygen, the oxygen of hydroxyl in meta position and two fluorine atoms in cis positions.

The study of this structure (Figure.4.2) shows that the fluoride atom F(3) and the oxygen atom O(7) occupy the axial
positions. Oxygen atoms O(5), O(6) and O(4) and the fluoride atom F(2), occupy the equatorial positions.

, H(31) O(T)

F(2) 0(22)

Figure 5. The optimized geometryof [Ti F2 (L2),].
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Table 4. Some bond lengths for the complex of Ti (IV) derived from3,5-dihydroxybenzoic acid.

Atoms bond lengths Atoms bond lengths
(A) (A)
Ti(1)-F(2) 2.0548 Ti(1)-0(5) 1.9827
Ti(1)-F(3) 2.0550 Ti(1)-0(6) 1.9759
Ti(1)-0(4) 1.9848 Ti(1)-0(7) 1.9770

Table 5. Some bond angles for the complex of Ti (IV) derived from3,5-dihydroxybenzoic acid.

Atoms Bond angles Atoms Bond angles
(degrees) (degrees)
F(2)-Ti(1)-F(3) 81.453 F(3)-Ti(1)-0(4) 80.671
F(2)-Ti(1)-0(4) 75.390 F(3)-Ti(1)-0(5) 75.990
F(2)-Ti(1)-0(5) 81.573 F(3)-Ti(1)-0(6) 89.798
F(2)-Ti(1)-0(6) 160.125 F(3)-Ti(1)-0(7) 161.643
0(4)-Ti(1)-0(5) 149.277 0(4)-Ti(1)-0(6) 120.933
0(4)-Ti(1)-0(7) 81.317 O(5)-Ti(1)-0(6) 78.956
O(5)-Ti(1)-0(7) 122.117 0O(6)-Ti(1)-0(7) 96.437

3.2.3. [Ti F> (2,4- dihydroxybenzoic acid) »]

The most stable geometry of [TiF; (2,4- dihydroxybenzoic acid) »] (Fig.6). The ligand is bidentate, it is bonded to the
metal ion Ti(IV) by carboxylic oxygen and by oxygen of hydroxyl in the ortho position. Oxygen atoms O(2) and O(3)
occupy axial positions; whereas the two fluoride atoms F(4) and F(6), oxygen atoms O(5) and O(7) are in equatorial
positions. The two fluoride atoms F(4) and F(6) are in cis position.

H(32) H(33)

Figure 6. The optimized geometry of [Ti F» (L3):]
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Table 6. Some bond lengths for the complex of Ti (IV) derived from 2,4-dihydroxybenzoic acid.

Atoms bond lengths Atoms bond lengths
(A) (A)
Ti(1)-0(2) 1.9445 Ti(1)-O(5) 1.9428
Ti(1)-O(3) 1.9421 Ti(1)-F(6) 2.0463
Ti(1)-F(4) 2.0461 Ti(1)-O(7) 1.9443

Table 7. Some bond angles for the complex of Ti (IV) derived from 2,4-dihydroxybenzoic acid.

Atoms Bond angles Atoms Bond angles
(degrees) (degrees)

O(2)-Ti(1)-0(3) 178.673 0O(3)-Ti(1)-0(5) 89.075
O(2)-Ti(1)-F(4) 89.945 0(3)-Ti(1)-F(6) 89.423
O(2)-Ti(1)-0(5) 91.226 O(3)-Ti(1)-0(7) 91.796
O(2)-Ti(1)-F(6) 89.293 F(4)-Ti(1)-0(5) 175.784
O(2)-Ti(1)-0(7) 89.462 F(4)-Ti(1)-F(6) 87.224
O(3)-Ti(1)-F(4) 89.664 F(4)-Ti(1)-O(7) 88.781
O(5)-Ti(1)-F(6) 88.740 F(6)-Ti(1)-O(7) 175.817
O(5)-Ti(1)-0(7) 95.279

3.3. Degrees of distortion
The complexes’ distortion degrees according to the following equation are calculated [36]:

Al:(%)Z[(Ri —R%T ()

Al is the degree of distortion, R the distance of the M-X bond (X atom bound to the metal ion), R is the average MX
distances and n is the number of bonds around the central atom.
The data are listed in Table 8 and show that the complexes have a low distortion.

Table 8. Complexes’ distortion degrees.

Complex central metal distortion (A1.10%)
[Ti F2(L1)2] Ti(IV) 7.022
[Ti F2(L2)2] Ti(IV) 6.292
[Ti F2(L3)2] Ti(IV) 6.003

3.4. Density Functional theory calculations
Electronic properties depend essentially on the ground and excited states. The highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO) displayed typical behavior for such molecules in the ground
and excited states. The gap energy is calculated by the difference between HOMO and LUMO energies (table 9).
Table 9. The Exnomo, ELumo and AE energies of the studied complexs obtained by B3LYP / 6-31G**.
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3,5-and 2,4-

Complexes Enomo (ev) Erumo (ev) AE (ev)
[Ti F»(L1)2] 3.556 4.359 0.803
[Ti F» (L2)2] 3.938 4414 0.476
[Ti F» (L3)2] 3.905 4.216 0.311

The spatial distributions of HOMO-LUMO are shown in Fig.3. According to DFT calculation, in the of molecule the
HOMO orbital spreads over the whole element., while the LUMO orbital is localized mainly on the fluoride, benzene
derivative rings. Whereas HOMO is distributed commonly in whole skeleton of molecule.

The energy gap between the molecular orbitals HOMO and LUMO is a critical parameter for determining molecular
electrical transport properties because it measures electronic conductivity. The HOMO and LUMO orbitals are also called
boundary orbitals because they are at the outer limits of the electrons of a molecule. The border orbital gap is used to
characterize the chemical reactivity and kinetic stability of a molecule [37].

The most stable structure is defined by the largest energy gap between HOMO and LUMO. Obtaining energy gaps
between HOMO and LUMO demonstrate high-load mobility in the compound studied. Furthermore, by studying the values
of the molecular gap border of complexes carried in Table 9.1t is notice that [Ti F2 (2.6-dihydroxybenzoic acid),] presents
a large energy gap, so it presents the most stable structure. This confirms the results obtained by molecular mechanics. The
narrow energy gap between HOMO and LUMO facilitates intramolecular load transfer [38].

The spatial distributions of HOMO-LUMO are illustrated by the Figures (7-9).

ﬂ _
\
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S

Figure 7. HOMO and LUMO plots of [Ti F2(L1)].
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Figure 8. HOMO and LUMO plots of [Ti F» (L2)a].

Figure 9. HOMO and LUMO plots of [Ti F» (L3)].
4. CONCLUSION
In this work, titanium (IV) complexes derived from 2,6-; 3,5- and 2,4-dihydroxybenzoic acid are synthesized. Such

complexes are subject of characterization by spectroscopic methods of analysis (IR, UV-Visible, NMR and micro-analysis)
to determine their structures. Their molar conductivity to study the electrolytic nature of these complexes are determined.
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The obtained complexes are solid and stable in air and at room temperature. Their melting points are high (>300°C).
Data of molar conductivity of Ti(IV) complexes in DMF and DMSO indicate that they are non-electrolytic.

The study of these complexes’ IR spectra of shows that the metal is bonded to two fluorine atoms and oxygens of
hydroxyl and carboxyl clusters. The ligands are bidentate.

The complexes’ study by electronic absorption spectrophotometry (UV-Visible, indicates distorted octahedral geometry
around the metal ion (Ti(IV)).

These results aim to propose the following formulas for the different synthesized complexes: [Ti F» (2,6-hydroxybenzoic
acid),], [Ti F2(3,5-hydroxybenzoic acid),] and [Ti F, (2,4-hydroxybenzoic acid)a].

Theoretical study of the Ti (IV) complexes structures, using Hyperchem software, aims to determine their most stable
geometries, bond angles and bond lengths. The HOMO, LUMO and gap energies using DFT method are calculated. These
calculations show that complexes have a large energy gap, so they have stable structures and great activity. Results obtained
by theoretical study reproduce as well as possible those obtained by the experimental study. The data obtained by molecular
mechanics calculation and fall within the same range with those found in literature and crystallographic.
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