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Abstract. The molecular and electronic structures of TiCI{OCgH;)s-CeHsOH and Ti(OC.H;)4-
CsH;OH have been studied by employing cryoscopic and electronic spectroscopic methods. The cryoscopic
data have shown that the dimeric tetraphenoxytitanium(IV) phenoclate in solid undergoes complete:
dissociation into monomer in solution and also the chlorocomplex starts dissociation around the concen-
tration of 8m mole/l. Therefore, these two Ti-complexes are pentacoordinated in dilute solution and
the local symmetry of the titanium ion in these complexes seems o be trigonalbipyramid.

The electronic spectra of TiCI(OC:H;);-C;HOH and Ti(OCH:)4-CeH;OH each show two band
systems, one vibration-structural band characterestic of the aromatic ring in the near UV and another
visible band at 26.8 kK, 29.6kK, respectively, which are assigned as a ligand to metal charge transfer
band corresponding to A,”"—!E’ or 1E’ transition,
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Introduction

Preparations of tetraphenoxytitanium(IV) and
halogenophenoxytitanium (IV)  complexes  were
early described by several authors'™. However,
no study on their molecular and crystal structures
has been reported until very recent years. Accor
ding to the X-ray diffraction study by Svetich
and Voge’ the structure of tetraphenoxytitanium
(IV) phenolate is a dimer bridged by two phe-
noxy-oxygen atoms so that the titanium atom is
six—coordinated for a distorted octahedron, while
Watenpaugh and Cauphlan® have shown dichlo-
rodiphenoxytitanium (IV) is also dimeric but each
titanium is pentacoordinated.

A study on the electronic spectra of phenoxyti-
tanium complexes? was recently reported but its
interpretation was attempted simply assuming
tetrahedral structure, since no difinite evidence was
available for their molecular structure at that time,
In this paper we wish to present the results of
our study on the molecular and electronic structures
of Ti(OCsHs)4-CeHsOH and TiCI(OCHs)s-CeHs
OH omploying cryoscopic and spectroscopic me-

thods.

Experimatal

All the reactants and solvents wused were dried
or purified as described previously.® Chemical
reactions and physical measurements of phenoxy-
titanium complexes were also performed in tho-
roughly dried state under inert atmosphere.

Tetraphenoxytitanium (IV) phenolate, Ti{(0%),
¢OH, was prepared from reaction of pure tita-
nium tetraisopropoxide(K & K Lab. Inc.) and
excess phenol. While the reacting mixture was
heated, the resultant isopropyl alcohol was elimi-
pated under vacuum. The product was subjected
to recrystallization twice in a solvent pair of CHy-
Cln-hexane and a reddish orange crystalline
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compound was obtained.

Chemical anal. (%):C, 69.4; H, 5.08; Ti,
9. 35(Theory of Ti(0gs)-¢OH(%): C, 70.40; H,
5.10; Ti, 9.32).

Chlorotriphenoxytitanium (IV) phenolate, TiCl-
(0¢)3-¢OH, was prepared by homogeneous solu-
tion reaction of TiCl; and excess phenol in dichlo-
romethane. Addition of #-hexane to the reaction
mixture resulted in slow crystallization of a dark
reddish brown complex, which was recrystallized
With a large
excess of phenol under a more vigorous temperature
condition (heating to boiling),
was yielded.

Chemical anal. (%) Ti, 10.58; Cl, 7.77; C,
61.3; H, 5.09 (Theory of TiCl(O¢);-¢0H(%):
Ti, 10.49; Cl, 7.76; C, 63.05; H, 4.863).

The molecular weight of the titanium complexes
in benzene(1~10mM)was determined eryoscopically
using the specially built equipment as was des-
cribed in detail in other paper®.

The UV-visible spectra of the Ti-complexes
were measured in CHsCl;-n~hexane solution or in
benzene using Cary Model 14 Spectrophotometer
and 1.0 cm standard quartz cell,

twice in benzene-n-hexane pair.

the same product

Results and Discussion

The molecular weight of tetraphenoxytitanium
(IV} and chlorotriphenoxytitanium (IV) phenolates
has been determined in benzene at different con-
centrations and the results are shown in Fig. 1.
The ‘measured molecular weight(480) of tetra-
phenoxytitanium (IV) phenolate is shown to be
almost constant in the range 1~10mM and is
close to the theoretical value(514. 4) of the mono-
meric form., Such a result certainly indicates
that the dimeric form of tetraphenoxytitanium (IV)
phenolate in solid state completely dissociates into
monomer in solution in the range at least below
10 mM.

On the other hand the cryoscopic data of chlo-
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Fig. 1. Molecular weights of Ti(0®),-OOH
(e} and TiCHO®), BOH(-0—0-).

rotriphenoxytitanium (IV)  phenolate are concent-
ration-dependent and the measured value(870) at
8mM is found to be nearly the double of the
expected molecular weight(456. 8) of the mono-
mer, TiCl(OCeHs)s*CsHsOH and as such shows
the dimeric nature of this chloro-complex at hig-
her molar concentration. However, the gradually
decreasing tendency at lower concentration suggests
that molecular dissociation partly occurs and pro-
bably also a further dissociation into monomer
may be reached in more dilute solution. There-
fore, it seems that chlorotriphenoxytitanium {IV)
phenolate exists also as dimeric form in solid state
but dissociates into monomer in solution only
less easily than the tetraphenoxy-complex.

The local symmetry of the titanium ion in the
dimeric tetraphenoxytitanium(IV) phenolate was
found 1o be octahedral as was mentioned earlier®.
However, when this dimer dissociates in solution
as the cryoscopic data show, its molecular sym-
metry must also be changed. The resultant penta-
coordinate monomer must be either trigonal
bipyramidal or tetragonal pyramidal, butin view
of general nature of pentacoordinated Ti-complexes
which are found to be the former in most
cases, 519 the possibility of the tetragonal pyra-
midal form may be excluded.

|2 00 [
——Ti(0P g OH
............ TiC(0P)zPOH
----- POH
8.0}
4
°©
>
w
4.0t
.
fyly
o / \\
o S— r
1.0 2.0 3.0 4.0

F X107 emel
Fig. 2. Electronic spectra of Ti-complexes in
CH,Cl,~hexane,

Now the electronic spectra of the Ti-complexes
may be examined. Their electronic spectral data
are given in Fig. 2 and in Table 1 together with
the data of free phencl. The two Ti-phenolates
show a very similar spectral pattern in which
there are two band systems, one with vibrational
structure and the other structureless, whereas the
free phenol shows only one structural band cha-
racterestic of its parent ring. The spectral similarity
of the two Ti-complexes confirms as expected the
resemblance of the two compounds in molecular
and electronic structures.

Although the intensity of the structural bands
of the Ti-complexes appears much higher than
that of the free phenol system, their band struc-
ture and positions are all identical. Furthermore,
if the band intensity of the Ti-complexes is devi-
ded by the number of aromatic rings involved in
each molecule and is corrected for the tiling by
the adjacent visible bands, there is no remarkable
enhancement of band intensity from the value of
free phenol. Therefore, the electronic transition
associated with this band system has probably the
same origin as that of the free phenol band which
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Table 1. UV-visible spectral data.

Compound Ymaxe  {em™) €max Assignment

Ti(00) -@OH 29, 600 3,550 14,—'E’ or ‘E"’
35,970 10, 700
36, 830 12, 800 } AL,
37,670 11, 000

TiCI(09) ;- QOH 26, 800 2, 500 1A, —'E’ or 'E”’
35,970 11,200
36, 830 12, 200 } 'A—1L;
37,670 10, 600

OOH 35,970 1, 500
36, 830 1, 780 TA— L,
37,670 1,260

is well known to be a secondary band LA—1L;
(LA,—>B,,) localized in the aromatic ring. M
The fact that the vibrational structure is still
retained in this system and there is no noticable
change of the absorption energy implies that the
electronic structure of the phenol aromatic ring is
not significantly affected by cocordinating through
oxygen atom to the metal.

More important is the structureless visible bands
of tetraphenoxy- and chlorotriphenoxytitanium
(IV) phenolates located at 29, 600 and 26, 800cm™?
respectively, These broad bands are missing in
free phenol, and consequently must be associated
with Ti-phenol coordination band. The aromatic
rings may be disregarded from consideration of
Ti—O bonding, since their electrons are highly
localized and not affected by the coordination.
Thus only the local symmetry around the metal
atom discussed earlier may be considered. The
local symmetry of titanjum ion in both phenolates
is approximately octahedral in solid or in concen-
trated solution, and the molecular orbitals for the
local TiLs(L=0 or Cl) may be represented follo-
wing the general scheme of MX type!® as shown
in Fig.3. However, it has already been mentio-
ned above that in the spectroscopic concentration
(~0.1mM) the Ti-complexes undergo complete
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dissociation into monomer and the local symmetry
changes from octahedral(05) to trigonal bipyra-
midal form(D3;). In order to interpret the spectra
based on the molecular orbital scheme, only the
relevant orbitals concerning the transition may be
modified according to symmetry change of the
appropriate orhitals. The molecular orbitals highest
occupied and lowest empty modified according to
Dy, point group are shown in Fig. 4.

Since all ligand orbitals are filled and the metal
orbitals are empty, the lowest energy band would
arise from one electron transition from (a2’ +2¢")
to €', that is, (a’+2¢'") e 0—(ay +2¢")%""".
Such a transition corresponds to 2 state transition
14,//—1E" or 1E', which is allowed. Therefore,
the visible bands of the Ti-complexes may be
assigned to a ligand to metal charge transfer(L—
M) corresponding to 14,"’—1E’ or 1E'’ transition.

The molar extinction coefficients of the visible
bands at 29,600(¢=3,500) and 26,800cm™'{¢=
2,500) in the Ti-complexes are relatively low
compared with that of fully allowed organic z7—x*
transitions {¢>>10, 000). However, in many cases
of inorganic or organomotallic complexes the
oscillator strength of allowed bands appears smal-
ler. For esample, in ruthenium and osmium
halides'3'4 the molar extinction coofficients of
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the 7—tp,; bands resembling the L—M transition
in the Ti-complexes are in the range of e=1000
~8000.

Finally, the difference in the spectra of the two
Ti-complexes may be commented. The L—M
charge transfer band of chlorotriphenoxytitanium
(IV) phenolate appears at slightly lower energy
than the tetraphenoxy complex. The reason seems
to be due to the lower electronegativity of chlorine
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Fig. 3. The molecular orbital scheme of octahedral
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atom than that of oxygen. Although the chlorine
ligand is not distinguished from the other phenolic
oxygen atoms as far as Ti-local symmetry is
concerned, its less electronegativity may induce
more easily the L—M charge transfer transition.
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