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Abstract : A few new titanium(1v) complexes have been synthesized by the reaction among precursor (Bp)zTi(OPri)z

with different alkoxyalkanols and phenols/substituted phenols in 1 : 1 : 1 molar ratios in boiling toluene as mono nuclear

heteroleptic titanium complexes of the type [(Bp),Ti(L;OR)(L,X)] (3a-c) (where Bp = 2-hydroxy-4-methoxy-benzophenone,

L; = -0-CH,-CH,-; R = CH3, C,Hg; L, = phenol, X = H or OCHj3). The newly prepared complexes were characterized

by various physico-chemical techniques such as elemental analysis, mass, UV, FTIR and NMR (!H and !13C). The mass

spectra of the newly synthesized derivatives indicate their monomeric nature. Based on spectral studies cis hexacoordinated

geometry around titanium(rv) has been proposed. By employing sol-gel techniques to all the molecules, nano sized titania

was produced at 600 °C. Powder XRD analysis confirmed the formation of a mixed phase (anatase and rutile).
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Introduction

The interest in the synthesis of nano sized titania is
growing because of its potential applications in diverse
research area such as in solar cells!, chemical sensors?,
sunscreen products® and in textiles*. Though titanium
alkoxides are fabulous precursors for the synthesis of nano
sized titania, and often it has been modified with various
structural stabilizers®. These chemical modifiers can in-
duce structural changes as well as control over the size of
the final materials produced during calcination®. Sol-gel
technology is one of the easy and convenient methods
employed for the soft transformation of these modified
precursors into pure nano structured titania®. This could
be attained by the controlled hydrolysis of the precursor
molecules which helps in the formation of porous TiO, in
appropriate morphology’. 2-Hydroxybenzophenone and
its derivatives are excellent structural variants due to its
bidentate chelating ability, which results in the formation
of number of stable and novel derivatives®>. Motivated by
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the above observation, herein we report the synthesis and
characterization of a new series of heteroleptic titanium(Iv)
complexes derived from 2-hydroxy-4-methoxy-benzophe-
none and its conversion into nano sized titania at 600 °C.

Experimental
Materials and methods

All reactions were performed under stringent mois-
ture-free environment. Reagents used were of A.R. grade
and dried prior to use. Titanium and isopropanol were
estimated according to a published procedure®. FTIR spec-
tra were recorded on a Shimadzu IR affinity-1 spectrom-
eter with anhydrous KBr pellets. NMR (!H and 13C) data
were collected on Bruker Advance III NMR spectrometer
in DMSO at 400 MHz frequency. Mass spectral data have
taken from ESI mass spectrometer. Elemental analyses of
the complexes were performed on Elementar Vario EL
III instrument. Powder XRD data were collected on a
Bruker D8 Advance X-Ray diffractometer.
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Preparation of complexes

(a) (Bp),Ti(OPF), (2) :

2-Hydroxy-4-methoxy-benzophenone (2.25 g, 9.86
mmol) was added to a toluene solution (~30 ml) of
[Ti(OPri)4] (1) (1.4 g, 4.93 mmol) and reaction mixture
was refluxed for 4 h. After removal of extra solvent un-
der vacuo an orange-yellow solid (2.97 g, 97%) was ob-
tained and got purified by washings of dried acetonitrile.
[Found : Pr'OH = 0.570 g, Ti = 7.9%, molecular weight
= 621.8 and Caled. : PriOH = 0.592 g, Ti = 7.7%,
molecular weight = 620.5].

(b) [(Bp),Ti{(OCH,CH,OR)(OC4H ,CsHs)}] (3a) :

A toluene solution of (~ 15 ml) OH-CH,-CH,-OCHj,4
(0.21 g, 2.76 mmol) and C{HsOH (0.26 g, 2.76 mmol)
were added to another solution of toluene (~20 ml) and
[(sz)Ti(OPri)z] (1.72 g, 2.76 mmol), and refluxed for
4-5 h. Oxidimetric titration was employed not only for
monitoring the progress of the reaction but also for esti-
mating the liberated isopropanol collected azeotropically
with toluene. After the completion of reaction, excess
solvents were removed in vacuo to furnish an orange
solid, finally purified by washings of dried acetonitrile.
[Found : PriOH = 0.31 g, Ti = 7.2%, molecular weight
= 670.9 and Caled. : Pr'OH = 0.33 g, Ti = 7.1%,
670.5], m.p. 120-122 °C. Same
route has been employed for the synthesis of other analo-

molecular weight =

gous. The synthetic and analytical data of all the com-
plexes have been tabulated in Table 1.

(c) Sol-gel transformation of [(Bp,)Ti{(OCH,CH,OR)-
(OC¢H ,C4Hs)}] (3a) :

Ethylene glycol (0.22 g, 3.57 mmol) was added to a
dichloromethane (~ 15 ml) solution of complex (3a) (1.2
g, 1.78 mmol). Stoichiometric amount of water was added
(0.34 g, 1.88 mmol) to the clear solution and then stirred
for 6 h. In order to ensure complete hydrolysis, excess
amount of water was added (0.2 g, 1.11 mmol) and stir-
ring was continued for 2 h more. The obtained gel was
dried in a preheated (100 °C) oven and later washed with
acetone. A yellow-brown powder was obtained and it
was again kept at 600 °C for 2 h. An off white powder,
later characterized as pure TiO,, was obtained. Similar
route was followed for the hydrolysis of the complexes
3b and 3c.

[Ti(OPri),] + 2Bp ——> [(Bp),Ti(OPri),] + 2PriOH T
@ )
[(Bp),[Ti(OPr),] + HL,OR + HL,X ——
@ [(Bp),Ti(L;OR)(L,X)] + 2Pr'OH T
(3a-¢)

(where, Bp = 2-hydroxy-4-methoxy-benzophenone, L; = -O-CH,-
CH,; R = CH3, C2H5; L, = phenol, X = Hor OCH3)

Compound 3a : IR (KBr, cm™) : 2936 (CH), 1607
(CO), 1505 (CC), 604 (TiO); 'H NMR (400 MHz, DMSO,
ppm) & : 3.37 (3H, s, alkoxyalkanol), 3.76 (2H, t,
alkoxyalkanol), 3.82 (2H, t, alkoxyalkanol), 3.98 (6H, s,
-OCHj,), 6.65 (2H, s), 6.85 (2H, d, J 8 Hz), 7.13 (4H, d,
J 8.4 Hz), 7.27 (2H, d, J 8 Hz), 7.29 (2H, d, J 8 Hz),
7.34 (4H, 1), 7.48 (2H, 1), 7.74 (2H, t), 7.93 (1H, 1); 13C

Table 1. Synthetic and analytical data of new titanium(Iv) derivatives

Complex Reactants (g) Color Liberated Mol.
(a) (Bp), Ti(OPr'), of the PriOH (g) Ti% wt.
(b) HOCH,CH,OR solid Yield Found Found M.p. Found
(c) C¢H,OHZ New derivatives products (%) (Calcd.) (Calcd.) (°C) (Calcd.)

3a a=172,b=0.21, [(Bp),Ti{(OCH,CH,0R)(OC¢H,Z)}]  Orange  99.2 0.31 7.2 120- 670.9
R = CH;, ¢ = 0.26, (0.33) 7.1) 122 (670.5)
Z =H

3b a=1.65b=0.24, [(Bp),Ti{(OCH,CH,0R)(OC¢H,Z)}]  Orange  98.9 0.30 7.1 128- 685.1
R = C,Hs, ¢ = 0.25, (0.32) (6.9) 130  (684.5)
Z =H

3c a=1.57,b=0.19, [(Bp),Ti{(OCH,CH,0R)(OC¢H,Z)}]  Orange  98.8 0.28 6.9 134- 701.3
R = CH3, ¢ = 0.31, (0.30) (6.8) 136  (700.5)
Z = OCH;3
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NMR (100 MHz, DMSO, ppm) : 58.2, 60.8, 66.3, 76.4,
96.4, 104.1, 110.0, 120.8, 122.6, 126.5, 127.3, 128.1,
130.9, 131.7, 133.2, 136.7, 152.1, 154.9, 156.5, 158.8;
(%) Elemental analysis : Found (Calcd.) C, 66.4 (66.3);
H, 5.2 (5.1).

Compound 3b : IR (KBr, cm™) : 2932 (CH), 1606
(CO), 1509 (CC), 606 (TiO); 'H NMR (400 MHz, DMSO,
ppm) 6 : 1.17 (3H, t, alkoxyalkanol), 2.35 (2H, m,
alkoxyalkanol), 3.54 (2H, t, alkoxyalkanol), 3.75 (2H, t,
alkoxyalkanol), 4.04 (6H, s, -OCH;), 6.38 (2H, s), 6.74
(2H, d, J 8 Hz), 7.21 (4H, d, J 8.4 Hz), 7.25 2H, d, J
8 Hz), 7.30 2H, d, J 8 Hz), 7.35 (4H, t), 7.45 (2H, 1),
7.76 (2H, t), 7.88 (1H, t); 13C NMR (100 MHz, DMSO,
ppm) : 32.8, 57.9, 61.2, 66.4, 76.8, 97.1, 104.3, 110.2,
120.7, 122.8, 126.9, 127.4, 128.8, 130.7, 131.9, 132.6,
136.8, 152.4, 155.2, 156.8, 159.2; (%) Elemental analy-
sis : Found (Calcd.) C, 66.8 (66.5); H, 5.8 (5.6).

Compound 3¢ : IR (KBr, cm™) : 2940 (CH), 1608
(CO), 1503 (CC), 612 (TiO); 'H NMR (400 MHz, DMSO,
ppm) & : 3.24 (3H, s, alkoxyalkanol), 3.38 (2H, t,
alkoxyalkanol), 3.52 (2H, t, alkoxyalkanol), 3.74 (3H, s,
-OCH,), 3.94 (6H, s, -OCH3), 6.48 (2H, s), 6.83 (2H, d,
J 8 Hz), 7.21 (4H, d, J 8.4 Hz), 7.26 (2H, d, J 8 Hz),
7.32 (2H, d, J 8 Hz), 7.37 (4H, t), 7.48 (2H, t), 7.64
(2H, d, J 8.4 Hz); '3C NMR (100 MHz, DMSO, ppm) :
57.6,59.2, 65.4,75.8,96.1, 103.4, 109.6, 119.7, 122.8,
125.4, 126.7, 128.1, 131.2, 132.2, 133.4, 136.4, 151.3,
154.6, 156.4, 159.2; (%) Elemental analysis : Found
(Caled.) C, 65.4 (65.1); H, 5.6 (5.2).

Results and discussion

Titanium tetraisopropoxide [Ti(OPri)4] (1) reacted with
2-hydroxy-4-methoxy-benzophenone (Bp) in 1 : 2 stoi-
chiometry in refluxing anhydrous toluene yields the pre-
cursor (Bp)zTi(OPri)2 (2). The precursor (2) treated with
alkoxyalkanols, phenols/substituted phenols in 1 : 1 : 1
molar ratios yielded mono nuclear heteroleptic deriva-
tives of the type (Bp),Ti(L;OR)(L,X) [where Bp = 2-
hydroxy-4-methoxy-benzophenone, L; = -O-CH,-CH,-;
R = CHj, C,Hs; L, = phenol, X = H or OCH;].

These reactions are very rapid and could be com-
pleted in 3-4 h. Completion of the reaction has been
confirmed by the estimation of liberated alcohol in tolu-
ene-isopropanol azeotrope oxidimetrically8. All the above
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complexes are orange solids and are insoluble in com-
mon organic solvents except in dimethyl sulfoxide.

Structural elucidation :

Structural characterizations of all these new deriva-
tives were carried out by 'H NMR, 13C NMR, FT-IR,
elemental analysis, mass and XRD. NMR spectra of these
new molecules have been interpreted by matching it with
the pure spectra of the ligands®-3-11. Alkoxy alkanols and
phenols produce a strong signal in the region & 8.35-
10.50 ppm. Absence of these signals in the aforesaid re-
gion is due to the deprotonation and the formation of new
Ti-O bonds with the free ligands. The other 6 values are
obtained in the proper range.

IR spectra have been explained by comparing it with
the spectra of the pure ligand used for the synthesis>-0-8-11,
Formation of a new band in the region of 604-612 cm™!
and disappearance of hydroxyl stretching from the spec-
tra are due to the deprotonation of hydroxyl group and
the formation Ti-O bond. The v(C-O) 1606-1610 cm™!
and v(C-C) 1501-1509 cm™! bands of the complexes have
shifted towards lower wave number region compared to
the ligands in the IR spectra is due to the bidentate chelat-
ing nature of the benzophenone.

Mononuclear nature of the complexes has been con-
firmed by mass spectra and elemental analysis. Synthesis
of nano sized titania was achieved by the hydrolysis of
complexes 3a, 3b and 3¢ (Fig. 1) with a bit modification
in the previous report®. Complexes were heated at 600 °C.
The XRD obtained for the titanium oxide was compared
with the available literature (JCPDS card no : 00-084-
1286). Formation of mixed phase (anatase and rutile) has

= *= anatase phase
- - #= rutile phase

_ 3¢ -
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Fig. 1. XRD pattern of complex 3a-b.
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Fig. 2. Tentative structure of the newly synthesized molecule.

been confirmed by XRD. Debye-Scherrer equation'? was
used for calculating the particle size of TiO, from the
(101) reflection of anatase for the longest peak in the
XRD spectra (Complex 3a : 20 = 25.28°, size = 10-15
nm, % rutile is < 5; Complex 3b : 20 = 25.41°, size =
12-17 nm, % rutile is < 5; Complex 3¢ : 20 = 25.67°,
size = 25-30 nm, % rutile is < 20).

Conclusion

Based on the spectral data and available literature, we
have proposed a cis-octahedral geometry (Fig. 2) for these
newly synthesized titanium(Iv) complexes of benzophe-
none derived from alkoxyalkanols and phenols/substituted
phenols. These new complexes could be easily converted
into nano materials by employing sol-gel transformation
under mild experimental conditions. The ligand benzophe-
none not only acts as a structural modifier but precisely
controls over the particle size also.
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