
Solvatochromic Luminescence Based on the Excimer Formation of Bipyridine Platinum(II)
Complexes with Linear Alkyl Chains

Masako Kato,�1 Yasuko Shishido,2 Yukiko Ishida,2 and Shinobu Kishi3
1Division of Chemistry, Graduate School of Science, Hokkaido University, Sapporo 060-0810

2Division of Material Science, Graduate School of Humanities and Sciences, Nara Women’s University, Nara 630-8510
3Technical Center of Chemical Catalysts, N. E. CHEMCAT Corporation, Numazu 410-0314

(Received September 18, 2007; CL-071033; E-mail: mkato@sci.hokudai.ac.jp)

Luminescent mononuclear bipyridine platinum(II) com-
plexes bearing linear alkyl chains, [Pt(CN)2(dCnbpy)] (n ¼ 9

and 11) have been prepared and characterized. These complexes
are soluble in various organic solvents and exhibit remarkable
solvent dependence and concentration dependence of the lumi-
nescence at room temperature. Such solvatochromic lumines-
cence is attributed to the formation of the excimer of the plati-
num complexes.

Square-planar platinum(II) complexes often exhibit charac-
teristic luminescence when they are stacked to generate plati-
num–platinum interactions and/or �–� interactions of the li-
gands.1 Such properties of the platinum complexes are mostly
studied in the solid state because of the low solubility of the as-
sembled complexes. Introduction of long alkyl chains to various
chemical systems is an important strategy to construct self-as-
sembled nanostructures in solution or at interface, and it has
been also applied for many supramolecular systems of metal
complexes including platinum complexes recently.2 We report
here remarkable solvatochromic luminescence based on the ex-
cimer formation for novel dicyano(4,40-dialkyl-2,20-bipyridine)-
platinum(II), [Pt(CN)2(dCnbpy)] (n ¼ 9 and 11) (Scheme 1).

The platinum complexes were prepared by refluxing the
mixture of the platinum dicyanide and the dCnbpy ligand in
DMF/28% NH3 (aq.)

3 By recrystallization of the reaction prod-
uct from acetonitrile and chloroform, white crystals of the com-
plexes were obtained. Those are characterized by means of
NMR, IR and melting point measurements and X-ray crystallog-
raphy.4,5

Figure 1 shows the crystal structure of [Pt(CN)2(dC9bpy)] as
an acetonitrile-solvated form. The complexes are arranged form-
ing a layer of alkyl chains. Between the alkyl-chain layers,
square-planar coordination moieties are arranged in a face-to-
face fashion. The interplanar spacing between the coordination
planes is estimated to be 3.79(2) Å. The Pt atoms are apart
from each other indicating no interactions in the crystal
(Pt���Pt = 4.984(1) Å). [Pt(CN)2(dC11bpy)] was also found to
take the isostructure of the dC9bpy complex (Figure S1).6 The

layer structures of these dicyano complexes are also similar to
those found in the corresponding dichloro complexes.7

The white crystals of the complexes emit blue luminescence
even at room temperature. The luminescence spectra having vi-
bronic structures with the maximum of ca. 480 nm are the typical
one assignable to the emission from the 3�–��(bpy) state
(Table 1).1b The additional characteristics are that the complexes
are soluble in various organic solvents and exhibit luminescence
at room temperature. The luminescence spectra in dilute chloro-
form are almost the same as that for the crystals (Table 1). Inter-
estingly, with increasing concentration, the intensity of the struc-
tured spectrum decreases and instead, a broad spectrum occurs at
longer wavelength as shown in Figure 2. The absorption spectra
of the complexes, however, do not show any concentration de-
pendence (Figure 2). In addition, in the time-resolved measure-
ments of the emission, a rising followed by an exponential decay
was observed for the solution of higher concentration (5:5�
10�3 mol dm�3) although the decay curve for the dilute solution
(�10�5 mol dm�3) decreased single-exponentially (Figure S2).6

These behaviors indicate that the broad luminescence spectrum
is assignable to the excimer emission.9 The triplet excimer emis-
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Figure 1. Packing structure of [Pt(CN)2(dC9bpy)].CH3CN.

Table 1. Emission data for [Pt(CN)2(dCnbpy)] at room temper-
ature

in CHCl3
a Neat crystals

�max/nm
b �/msc �d �max/nm

e �/msc

n ¼ 9 453, 483, 510 0.68 0.020 452, 481, 520 6.2
n ¼ 11 453, 484, 514 0.66 0.033 453, 484, 520 2.0

a4� 10�5 mol dm�3. b� ex ¼ 316 nm. c� ex ¼ 337 nm. dCalculated using

[Ru(bpy)3]
2þ as standard (� ¼ 0:090).8 e� ex ¼ 350 nm.
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sion for the platinum(II) complexes containing aromatic ligands,
in particular, has attracted much attention recently from the
viewpoint of white luminescent materials for electrolumines-
cence devices.10 It is noteworthy that the excimer formation
for [Pt(CN)2(dCnbpy)] strongly depends on the solvent. In meth-
anol and acetonitrile solutions, the blue luminescence originat-
ing from the monomer complexes was always observed within
the measured concentrations (10�6–10�3 mol dm�3). The con-
centration dependence of the luminescence mentioned above
was observed in chloroform and dichloromethane. In the case
of toluene solution, however, the broad emission spectrum at
around 600 nm was observed even in the dilute solution of
10�5 mol dm�3. The preferential formation of excimer in toluene
would be related to the low polarity of the solvent. In toluene, the
platinum complexes could assemble in an alternate arrangement
like that found in the crystal structure so as to compensate the
dipole moments. However, the assemblage in toluene should
be weak to generate the electronic interactions in the ground
state. The excimer formation in toluene at room temperature is
also supported by the fact that only blue luminescence due to

the monomer complexes appears in frozen state at 77K
(Figure S3).6 As an interesting result, the remarkable changes
in luminescence are attained in the mixed solvent of CHCl3
and toluene by the control of the ratio as shown in Figure 3.
The excimer emission has the intensity (� ¼ 0:029) comparable
to that for the monomer emission (Table 1). Thus, the complexes
exhibit solvent-sensitive luminescence depending on the forma-
tion of the excimer. The study on the properties of such triplet
excimer is in progress.
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Figure 2. Absorption and emission spectra of [Pt(CN)2-
(dC9bpy)] in CHCl3 at different concentrations (c): For absorp-
tion spectra, c ¼ 3:6� 10�5{2� 10�3 mol dm�3 (in 1-mm
cuvette) from the bottom to the top. For emission spectra, c ¼
4:4� 10�5 (A), 2:2� 10�4 (B), 1:1� 10�3 (C), and 5:5�
10�3 (D) mol dm�3. Emission intensities are corrected so as to
be equal intensity of excitation (� ex ¼ 316, 340, 360, and 395
nm, respectively).

Figure 3. Emission spectral changes of [Pt(CN)2(dC9bpy)] in
different ratios of CHCl3/toluene (c ¼ 5:0� 10�5 mol dm�3,
�ex ¼ 320 nm): the ratio changes from 100% CHCl3 (100/0)
to 100% toluene (0/100) by 10% each.
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