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Five novel fluorescent Schiff base tin(IV) complexes of
the type [SnCl3(L)] were synthesized and their properties were
investigated: the emission wavelengths range from bluish green
to orange (�max: 492–545 nm). DFT calculation shows that the
order of the magnitudes of HOMO–LUMO gaps is consonant
with that of the emission wavelengths (�max) of the complexes,
and good correlation was observed between reduction potentials
in DMSO and the energies of LUMO.

Fluorescent compounds have attracted much attention of
researchers because of their intrinsic interests and applications
such as organic electroluminescence.1 One of Schiff bases, 2-
hydroxy-1-naphthaldehydene-8-aminoquinoline (HL1) has been
used for the fluorometric measurement of Be,2a Cr,2b Mo,2c Pb,2d

and Hg.2e However, no X-ray structure of compound composed
of any one of the above metal ions and HL1 ligand has been re-
ported, while the X-ray structure of HL1 was reported recently.3

Although X-ray structures of VV4a and TcV4b complexes with the
ligands were reported, no description of fluorescence was noted.

We report here synthesis and characterization of five
novel fluorescent Schiff base tin(IV) complexes: [SnCl3(L1)]
(1), [SnCl3(L2)] (2), [SnCl3(L3)] (3), [SnCl3(L4)] (4), and
[SnCl3(L5)] (5), where HL2, HL3, HL4, and HL5 also are Schiff
bases analogous to HL1 (Chart 1). They (1–5) show a wide range
of emission from bluish green to orange, and we should be able
to tune fluorescent properties through the appropriate combina-
tion of Schiff bases and tin metal. The structures of 1, 3, 5, and
HL2 were determined by X-ray crystallography.

Many reports have appeared of fluorescence of tin,5a,5b all of
them, however, discuss only the aspect of the quantitative analy-
sis of tin in solution. Thermochromism of a Schiff base tin(IV)
complex [SnCl3(L6)(H2O)] (HL6: salicylidene-8-aminoquino-
line) was reported, but no fluorescence was described.6 Reports
about X-ray structures and their fluorescence of tin complexes
are very rare; to our knowledge, X-ray structures of organo–tin
complexes7 with fluorenecarboxylic acid ligands and tin–iridium
complex8a,8b are only examples so far reported. Also, there are
X-ray structural reports on tin(IV) complexes with 8-aminoqui-

noline ligand, but nothing is described on fluorescence.9a–9c It
should be noted that the diphenyltin bis(hydroxyquinolinato)
complex shows electroluminescent properties.10

HL1 was prepared according to the published procedures.2c

Similar procedures were applied for the syntheses of other
ligands, HL2, HL3, HL40 (vide supra), and HL5. The novel tin
complex 1 was synthesized by the following procedures: to a
solution of HL1 (29.8mg, 1:0� 10�4 mol) in acetonitrile
(20mL) at 60 �C was added a solution of SnCl4.5H2O
(36.0mg, 1:0� 10�4 mol) in acetonitrile (10mL). Keeping the
mixture at 60 �C overnight gave orange crystals of 1: yield
20.9mg (40%). Anal. Found (calcd for C20H13Cl3N2OSn): C,
46.26(45.98); H, 2.48(2.51); N, 5.50(5.36)%. Similar procedures
to the synthesis of 1 were applied for the syntheses of other
tin(IV) complexes, 2–5.11 Methanol was used for the synthesis
of 2, 4, and 5, and acetonitrile/methanol mixture was used
for that of 3. As for 4, the aldehyde group of HL40 changes to
the acetal group on coordination to tin(IV).

X-ray structural analysis12 of 1, 3, 5, and HL2 revealed
that the complexes adopt geometries close to octahedral ones:
three chloride ions are coordinated meridionally. The structures
of 2, 4, and HL40 were determined by 1HNMR spectroscopy
(20 �C, 400MHz, DMSO-d6). Complexes 1 (yellowish green),
2 (orange), 3 (green), 4 (yellow), and 5 (bluish green) show
fluorescence in DMSO (Figure 1), and the photophysical data
are summarized in Table 1. Solid samples also show fluores-
cence at longer wavelengths. Data on solid states are also includ-
ed in the table. The alteration of ligands led to fairly large
emission wavelength shifts. This demonstrates that the emission
wavelength of tin(IV) complexes is tunable by ligand modifica-
tion.1c,13 The emission wavelengths (�max) of the fluorenecar-
boxylato tin complexes are 355 and 390 nm,7 and that of the tin–
iridium complex is 645 nm,8a,8b and the emission wavelengths of
the present Schiff base tin complexes are between those of the
two types of complexes.

DFT calculation (B3LYP/Sn, LanL2DZ; others, 6-31G��)
shows that the order of the magnitudes of HOMO–LUMO gaps
(5 (3.34 eV) > 3 (3.15) > 1 (3.04) > 4 (3.02) > 2 (2.80)) is
consonant with that of the emission wavelengths (�max) of
the complexes and that good correlation was observed between
the energies of LUMO and reduction potentials in DMSO
(Figure 2).14
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Figure 1. Emission spectra of 1 ( ), 2 ( ), 3 ( ), 4 ( ),
and 5 ( ) in DMSO at room temperature. (�ex ¼ 390 nm).
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It should be noted that HL1, HL2, and HL3 are not fluores-
cent in DMSO, and formation of tin(IV) complexes leads to
fluorescence,16 though components of HOMO and LUMO and
near those of the complexes 1–5 consist mainly of atomic
orbitals of Schiff base ligands.17

It is very difficult to predict suitable combination of ligands
and metals for the occurrence of fluorescence at present, and
we expect to find the combinations experimentally. Further work
on tin(IV) and other metal complexes with these and relevant
ligands including 8-aminoquinoline is in progress to expand
the emission wavelength span and to enhance the fluorescence
quantum yields.18,19
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Grant for Cooperative Research administered by Japan Private
School Promotion Foundation.
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Table 1. Photophysical data of 1–5 at room temperature

Compd
Absorbance Emission

�max,nm ("/M�1 cm�1) soln (QY)a,b solidc

1 366 (9340), 453 (17700) 515 (0.30) 555
2 360 (16600), 470 (16200) 545 (0.015) 586
3 363 (9620), 450 (18000) 509 (0.18) 546
4 347 (15300), 435 (11700) 538 (0.030) 563
5 402 (14900) 492 (0.037) 523

aEmission �max,nm (quantum yield, QY) in a DMSO solution:
2:6� 10�6 mol/L, �ex ¼ 390 nm. bStandard: a DMF solu-
tion of Alqn3,

15 �ex ¼ 390 nm. cEmission �max,nm.
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Figure 2. Plots of Epc,red (V) vs. LUMO (eV) for 1–5.
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