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A New Blue Photoluminescent Salen-like Zinc Complex with Excellent Emission Quantum Yield
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A new salen-like compound, H,L, bearing a 12-carbon atom
length aliphatic chain bridging iminic nitrogen atoms, was suc-
cessfully synthesized and characterized. Interestingly, its zinc
complex, ZnL, showed an extraordinary high fluorescent quan-
tum yield value of 75%, originating from a metal-perturbed li-
gand-centered state.

The chelating ligands Hy(salen) (Hy(salen) = N,N'-bis(sali-
cylidene)-1,2-ethylenediamine) or Hy(salen)-like are very popu-
lar in complexation reactions with most M(II) metal ions. More-
over, the straightforward synthesis makes available a wide
selection of ligands which differ from each other with regards
the nature of the diamine or of the substituents placed on the sal-
icylidene core. These characteristics have led to the extensive in-
terests in these compounds in applications as catalysis to mate-
rials for opto-electronic devices.'

Some of these zinc complexes, in particular those exhibiting
high fluorescence intensity, have been proposed as blue emitters
in electroluminescent devices.?> Results support the good per-
formances of these materials, motivating further studies regard-
ing the luminescence properties of Zn(salen)-related species.’

We are currently concerned with the synthesis of emitting
zinc coordination compounds,* in this context we have now pre-
pared and characterized the H,L ligand and its Zn(II) complex,

ZnL.
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Condensation of 2,4-dihydroxybenzaldehyde with 1,12-do-
decylenediamine (2:1 molar ratio) produces the ligand H,L at
a yield of 80%.° Elemental analysis, IR and '"HNMR spectra
confirmed the reported molecular formula. The corresponding
tetracoordinated ZnL complex was prepared by reacting H,L
with an equivalent of zinc(II) acetate dihydrate in hot ethanol.
A bright yellow solid was obtained at a yield of 60%, and the sto-
ichiometry of this complex was confirmed by elemental analysis,
IR spectroscopy and MALDI/TOFMS.®

Photophysical characterization was performed at room tem-
perature; all the compounds were stable during the measure-
ments.” Emission quantum yields were determined using the
optically dilute method® on aerated solutions with 9,10-
diphenylanthracene in cyclohexane (® = 0.95)° serving as the
standard.

The absorption spectrum of H,L in dichloromethane
(Figure 1) shows two peaks at 255nm (& = 12730M~!cm™')
and 314nm (& = 4630M~'cm™!), and a very low intensity
band at 410 nm (€ = 120M~' cm™!). The 255 and 314 nm bands
are ascribed to a 7—77* transitions localized on the aromatic ring,

while the 410 nm band is due to an n—7r* excitation between the
lone pair on the iminic nitrogen and a 7t* orbital on the C=N
fragment.'” When the ligand was irradiated on the n—7* band
maximum, an emission at the limit of instrument resolution
was detected at 500 nm; the excitation spectrum recorded at this
wavelength closely matched the absorption spectrum.
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Figure 1. Absorption spectrum of H,L ligand in dichloro-
methane solution.

Complexation of the zinc ion lowers the energy states of the
ligand, leading to a red-shift of the absorption bands of the com-
plex with respect to those of the ligand. Actually, the electronic
excitation pattern (Figure 2) of ZnL shows two intense bands at
272nm (€ =9000M~'cm™!) and 370nm (& = 5930 M!
cm™! ), due to metal-perturbed ligand-centered transitions, which
have the same origin as the two principal bands of the ligand
spectrum. As expected, the n—7* transition, which gives rise to
the low-intensity band in the ligand spectrum, is undetected in
the complex spectrum, because of the involvement of the lone
pair on the nitrogen atom in the coordination with zinc ion.
The resultant energy increase of the n—* transition (Figure 3)
causes a blue-shift of the corresponding band, which is probably
hidden by the 370 nm broaded band.!' The complex shows a
very intense photoluminescent band with a maximum at 450 nm
(Figure 2). The shape of this band and the comparison with sim-
ilar compounds'®!? indicate that the luminescence originates
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Figure 2. Excitation (de,, = 450 nm) and emission (dex = 370
nm) spectra of the ZnL complex in dichloromethane solution.
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from singlet ligand-centered excited state.'® The emission quan-
tum yield (®) of the complex attained the extraordinary value of
75%.

The remarkable fluorescent quantum yield exhibited by ZnL
is, to the best of our knowledge, the highest reported to date for
blue-emitting Hj(salen)-like complexes. Actually, despite the
high level of interest in this class of compounds, and reports
of similar luminescent complexes, no systematic study of the
photophysical properties have been reported with only a few au-
thors reporting ® values.'*? Interestingly, in H,L, the substitu-
tion of two H' for Zn(II) dramatically improves the emission
quantum yield; this is attributed to the increase in energy of
the nyr*-related state and to the decrease of the wmr*-related
state which becomes the lowest energy excited state (Figure 3),
allowing a radiative decay.'?
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Figure 3. Qualitative states diagram of the H,L. and ZnL com-
pounds: solid line indicates allowed radiative transitions; dotted
line, forbidden (or weak) transitions; curves represent the non-
radiative decays.

Concluding, with reference to the molecular structure, it is
worthy of note that for complexes similar to ZnL very little data
are available from the literature.'* The first X-ray structural anal-
ysis of a tetracoordinated ZnL' complex (H,L' = N,N'-bis(3-
tert-butylsalicylidene)-1,2-ethylenediamine) was, in fact, only
recently carried out. Unexpectedly, ZnL' was found to display
a dimeric structure, with the two metal centres in a tetrahedral
coordination geometry, resulting in an overall helical structure.'?
As far as the photophysical properties of this dimeric ZnL' com-
plex are concerned, the emission quantum yield was not report-
ed, however, for the sake of comparison with ZnL, we measured
@ (at room temperature, in dichloromethane solution) for the
reference Zn(salen) complex. The value of & measured for
Zn(salen) is 0.1%. Thus, comparing the results obtained for
ZnL and for Zn(salen), it is apparent that the emission perform-
ances of this series of zinc complexes strongly depend on the na-
ture of the bridging diimine and ultimately, on the molecular
structure of the resulting coordination compounds. Work is cur-
rently underway to determine the molecular structure for ZnL
and the structure—luminescent relationship of this class of mole-
cules which, with such intense emission, is extremely promising
as a valuable blue emitter for various applications in opto-elec-
tronic technologies.
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