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Intense luminescence of the Group IVB metal n-complex
in solutions at room temperature
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Studies of luminescence, in particular, phosphore-
scence, are significant in development of the theory of
triplet state.1=3 An important role in photophysics and
photochemistry belongs to the solvent, which can also be
a reactant and specific quencher of luminescence: the
majority of molecules do not luminesce in the liquid phase.
Compounds of Group IVB metals%3 gained special sig-
nificance as catalysts of many organic reactions, includ-
ing olefin polymerization®—3 and activation of small inert
molecules (N,, CO, CO,, etc.).9 However, no systematic
studies on the interaction of organometallic complexes of
early transition metals (in particular, Group IVB metals)
with the medium were carried out.

The previous study of the Cp,M!VCl, complexes (Cp =
n3-CsHs, M = Ti, Zr, Hf) has revealed!? their lumines-
cence in solid solutions at low temperature and in poly-
crystals at low and elevated temperatures. In the present
work, we studied for the first time the d° metallocene
complex based on the Group IVB metal, namely, racemate
of trans-1,2-[(bis(n’-tetrahydroindenyl)cyclohexane]zir-
conium(1v) dichloride, rac-C¢Hy(IndH,),ZrCl, (1),
which intensely luminesces in liquid solutions. The long-
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Fig. 1. Absorption (A4) (/, 2) and luminescence (/) (1", 2") spec-
tra of complex 1 at 20 °C in acetonitrile (/, /) and methyl-
cyclohexane (2, 2) (luminescence spectra are normalized; A, =
350 nm).

lived excited state of complex 1 is formed due to the
ligand to metal charge transfer, which is rarely observed
in the photophysics of organometallic compounds.10—12

Solutions of single crystals were studied. All solvents
used were multiply purified from traces of impurities, oxy-
gen, and moisture and subjected to freezing—thawing out
cycles using known procedures.!9—12 The concentration
of the complex in solutions was 10~5—10~*mol L~!. Spec-
tral measurements were conducted by an earlier described
procedure.13

Complex 1 luminesces in the liquid phase at room
temperature (the luminescence lifetime in hydrocarbon
media is ~2 ms at 77 K). The absorption and lumine-
scence spectra of complex 1 at 20 °C in acetonitrile and
methylcyclohexane are shown in Fig. 1. It can be seen
that an increase in the polarity of the solvent results in the
red shift of the absorption spectra and (to a greater extent)
luminescence spectra: up to 1000 cm~! and more. The
quantum vyields (@) of luminescence of solutions pre-
sented in Fig. 2 (to ® ~30% in dichloromethane) are

@ (%) 15
*
25 |
20 |
7
I x 10
15 o
13 L7 o
0| *
9
| 14
St 1 33 16 * 1
*
R Zay .
1.8 2.0 22 (np20)2

Fig. 2. Quantum yields of luminescence of complex 1 at 20 °C in
hexane (7), cyclohexane (2), methylcyclohexane (3), tetra-
hydrofuran (4), 2-methyltetrahydrofuran (5), 2,5-dimethyltetra-
hydrofuran (6), benzene (7), toluene (8), sec-butylbenzene (9),
4-chlorotoluene (/0), chlorobenzene (/7), 1,2-dichloro-
benzene (12), chloroform (13), acetonitrile (/4), dichloro-
methane (15), and tetrachloromethane (16); (np?°)? is the opti-
cal dielectric constant.
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among the highest for the known organic and metal-con-
taining molecules and controlled by the nature of specific
and, to a lesser extent, universall4 interactions with sol-
vent molecules. We have shown for the first time that in
liquid solutions the triplet state of a metallocene complex
of Group IVB metal can be populated as efficiently as in
solid media.
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