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Dicyano(4,40-dicarboxy-2,20-bipyridine)platinum(II) forms
pH-dependent polymorphs of various colors and displays
outstanding vapochromism followed by luminescence changes
upon exposure to certain organic vapors. The high sensitivity
of the complex to vapor and pH is related to its three-dimension-
al network structure, which includes large cavities formed by
hydrogen bonds and Pt���Pt interactions.

Assembled metal complex systems involving platinum(II)
and Au(I) ions, which often exhibit characteristic coloration
and luminescence, have attracted much attention recently as po-
tential sensing materials.1 A variety of chromic behaviors such
as thermochromism, solvatochromism, and vapochromism have
been reported for assembled metal complexes in connection with
metal–metal interactions.2 The design and control of such as-
sembled structures are thus essential in the development of so-
phisticated chromic systems. We report here a platinum(II) com-
plex, [Pt(CN)2(dcbpy)] (dcbpy = 4,40-dicarboxy-2,20-bipyri-
dine) bearing carboxy and cyano groups, which are good
supramolecular synthons (Scheme 1).3 The complex exhibits
remarkable pH-dependent multicolored polymorphism and
vapochromic behavior upon exposure to certain volatile organic
compounds.

[Pt(CN)2(dcbpy)] was synthesized by refluxing a mixture of
Pt(CN)2.xH2O and dcbpy in 28% aqueous ammonia for a few
days. A purple precipitate was subsequently obtained from the
yellowish reaction solution upon addition of hydrochloric acid.
The complex was soluble in basic water through dissociation
of carboxy groups but was insoluble at acidic pH. The precipitate
was recrystallized by the addition of hydrochloric or carboxylic
acid to a pale-yellow aqueous ammonia solution. Various
[Pt(CN)2(dcbpy)] polymorphs, each with distinctive coloration,
were produced depending on the pH of recrystallization. The
color of the precipitate changed from yellow to red, blue, and
purple with decreasing pH. A colorless precipitate (white form)
was also obtained by recrystallization from a hot solution of 2M

HCl and DMF.4

The crystal structure of the red form ([Pt(CN)2(dcbpy)].
4H2O) was determined by X-ray analysis.5 The complex has a
fully planar molecular structure on the crystallographic mirror
plane. The carboxy groups at the 4,40-positions form hydrogen
bonds with the cyano ligands of the adjacent complexes to form
a mesh sheet (Figure 1). The sheets are stacked in parallel at a
short Pt���Pt distance of ca. 3.3 �A at room temperature. This value
is typical for the linear chain structure of Pt(II) complexes with
Pt���Pt interactions.6 The stacking pattern for the red form of
[Pt(CN)2(dcbpy)] is essentially the same as that found for the
red form of [Pt(CN)2(bpy)] (bpy = 2,20-bipyridine).6b However,
it is noteworthy that the network structure constructed by hydro-
gen bonds for [Pt(CN)2(dcbpy)] generates large cavities in the
crystal. Four water molecules per complex are included in
the cavities as supported also by thermogravimetry, differential
thermal analysis, and elemental analysis.

The colorful polymorphs can be readily converted depend-
ing on the media. For example, the white form in DMF trans-
forms to the red and then purple forms with increasing ratio of
water in DMF. Conversely, the purple form becomes red imme-
diately upon addition to DMF or ethanol. It is also noteworthy
that the complex exhibits vapochromic behavior in the solid
state. On exposure to acetic acid and ethanol vapor, the purple
solid became red in a few minutes,7 and the color reverted in
the air. The outstanding diversity in color in the solid state is at-
tributable to changes in the Pt���Pt interactions, as supported by
the emission properties of these polymorphs. Figure 2 shows the
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Figure 1. Packing structure of red form of [Pt(CN)2(dcbpy)].4H2O.
Pt���Pt = 3.2358(1) �A at 173K.
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luminescence spectral changes for the purple form upon expo-
sure to DMF vapor. The change from the purple to the yellow
form is accompanied by a large spectral shift from 764 to
614 nm at the maximum. All of these spectra have the lifetimes
of 50–200 ns at room temperature and are assignable to emission
from the 3MMLCT state generated by the Pt���Pt interactions
based on comparison with the luminescence spectra for [Pt-
(CN)2(bpy)] and related linear-chain (polypyridine)platinum(II)
complexes.8 With increasing strength of Pt���Pt interactions, the
3MMLCT emission state shifts to lower energy. Thus, these
luminescence spectra indicate that the Pt���Pt interactions be-
come weaker upon exposure to DMF.

As a direct indication of the relation between luminescence
energy and Pt���Pt interaction, thermochromism accompanied by
changes in Pt���Pt distances was observed for the red form. The
red form with emission maximum at �max ¼ 678 nm becomes
dark blue at 77K, exhibiting a red-shifted spectrum (�max ¼
727 nm). A corresponding anisotropic shrink along the Pt���Pt
chain (c axis) can be seen in Figure 3. A similar correlation
between emission energy and Pt���Pt distance has also been ob-
served for the red form of [Pt(CN)2(bpy)] and [PtCl2(bpy)].

9,10

Several systems displaying similar vapochromic behavior
have been reported for linear-chain platinum(II) complexes.
Vapochromism for [Pt(CN)2(bpy)] occurs between yellow and
red forms upon exposure to water vapor. We previously found
that the penetration of water molecules into small channels of

the red form induces a slight inclination of the stacking structure,
resulting in transformation to the yellow form due to weakening
of the Pt���Pt interactions.11 Mann et al. reported a series of
double salts, [Pt(aryl isonitrile)4][M(CN)4] (aryl isonitrile =
p-CN-C6H4CnH2nþ1, n ¼ 6, 10, 12, and 14, M = Pt and Pd) that
respond to various volatile organic compounds through lumines-
cence spectral changes.2a Eisenberg et al. recently reported on
the basis of the structural change of the same single crystal that
the vapochromism of [Pt(Nttpy)Cl](PF6)2 (Nttpy = 40-(p-nico-
tinamide-N-methylphenyl)-2,20:60,200-terpyridine) is induced by
a change in intermolecular contacts and Pt���Pt interaction.2c

These examples suggest that systems exhibiting large vapochro-
mic changes involve ligands having extended structures and/or
bulky substituents, which form suitable cavities in the crystal
lattices. [Pt(CN)2(dcbpy)] is a very good system from this point
of view, even though the molecular structure is relatively simple.
It is considered that the hydrogen-bonded network structure
allows for sensitive changes of Pt���Pt interactions depending
on the molecules trapped in the cavities.

In summary, [Pt(CN)2(dcbpy)] which can form a three-
dimensional network structure with large cavities was shown
to exhibit remarkable multicolored polymorphism. The range
of color is the most pronounced reported to date for linear-chain
platinum(II) complexes. It is thus expected that the design of
network structures will improve the selective sensing functional-
ities of such complexes.
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Figure 2. Changes in emission spectra for purple form of [Pt(CN)2-
(dcbpy)] upon exposure to DMF. (A) 0min, (B) 30min, (C) 120min, (D)
overnight. �ex ¼ 400 nm.

Figure 3. Ratio of cell dimensions (a, b, and c) relative to those at 298K
and the Pt���Pt distance for red form of [Pt(CN)2(dcbpy)] plotted as a
function of temperature.

Chemistry Letters Vol.34, No.10 (2005) 1369

Published on the web (Advance View) September 10, 2005; DOI 10.1246/cl.2005.1368


