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A novel luminescent hexanuclear platinum(II) complex, [Pt2(µ-
dppm)2(CtCC5H4N)4{Pt(trpy)}4](CF3SO3)8 (trpy ) 2,2′:6′,2′′-
terpyridine), was successfully synthesized by using the face-to-
face dinuclear platinum(II) ethynylpyridine complex [Pt2(µ-dppm)2(Ct

CC5H4N)4] as the building block.

Over the past decade, the formation of discrete supramo-
lecular entities driven and held together through metal
coordination has remained an intense area of study.1,2

Nanoscale supramolecular arrays that possess unique me-
chanical, chemical, or optical properties were assembled with
rigid inorganic and organometallic host species based on
transition metal corners and difunctional organic ligand
bridges.2,3 Dinuclear d8-d8 metal complexes, with well
defined metal-metal distances, are well-known to exhibit
interesting spectroscopic and luminescence behavior, which
have been extensively studied, in part because of the
interesting observation of weak metal-metal interactions.4

Despite the rigidity of the framework and their interesting

spectroscopic properties, no reports were made on the use
of face-to-face dinuclear d8 metal complexes as the building
block for supramolecular assemblies. Recently, we synthe-
sized a number of dinuclear platinum(II) alkynyl complexes
and studied their luminescence properties.5,6 It is believed
that the face-to-face dinuclear platinum(II) alkynyl core could
be utilized as versatile building blocks for the construction
of high-nuclearity supramolecular platinum(II) complexes.
Herein are described the synthesis and structural character-
ization of a face-to-face dinuclear platinum(II) alkynyl
complex with ethynylpyridine groups, [Pt2(µ-dppm)2(Ct
CC5H4N)4] (1), and the first report on the assembly,
characterization, and X-ray crystal structure of a face-to-
face hexanuclear platinum(II) ethynylpyridine complex,{Pt2-
(µ-dppm)2(C≡CC5H4N)4[Pt(trpy)]4}(CF3SO3)8 (2) (Scheme
1).

Complex1 was synthesized according to modification of
a literature procedure for [Pt2(µ-dppm)2(CtCPh)4].7 Reaction
of 1 with 4 equiv of [Pt(trpy)(MeCN)](OTf)28 in methanol
under an inert atmosphere of nitrogen gave a bright yellow
precipitate. Recrystallization from acetonitrile-diethyl ether
afforded2 as air-stable orange-yellow crystals in 85% yield.
The identities of1 and 2 were confirmed by satisfactory
elemental analyses, positive FAB- and ESI-MS, and1H and
31P NMR spectroscopy. The solid-state structures were
established by X-ray crystallography.9

Figure 1 shows the perspective drawing of1. It shows a
face-to-face arrangement with two mutually eclipsed plati-
num atoms bridged by two dppm ligands to form an eight-
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membered ring. Each platinum atom exhibits a distorted
square planar geometry with the two alkynyl groups [C-Pt-
C, 169.3(3)°] and the two bridging dppm phosphorus atoms
[P-Pt-P, 176.4(1)°] arranged in atrans-disposition. The
short intramolecular Pt(1)-Pt(1)* distance of 3.285(1) Å,
which is comparable to that of the related [Pt2(µ-dppm)2-
(CN)4] (3.30 Å) and is somewhat longer than that of
[Pt2(pop)4]4- (2.95 Å), indicates the presence of a weak Pt‚
‚‚Pt interaction.4

Figure 2 shows the perspective drawing of the complex
cation of2. The terpyridyl Pt(II) shows a distorted square
planar geometry, as is required by the bite angle exerted by
the terpyridine ligand. The dihedral angle between the plane
of the pyridine ring and that of Pt(trpy) is ca. 66.51°. Similar
dihedral angles and near-orthogonal orientation of the
pyridine ring with respect to the platinum square plane have
also been observed in the related pyridine-containing Pt-
(C∧N∧C) and Pt(C∧N∧N) complexes.10 In complex 2, a
comparatively stronger Pt‚‚‚Pt interaction between the two
platinum atoms in the Pt2(dppm)2 core than that in1 was

observed, as reflected from the shorter Pt‚‚‚Pt distance [2,
3.178 (1) Å vs1, 3.285(1) Å]. The contraction of the Pt‚‚‚
Pt distance within the Pt2(dppm)2 core in2 compared to1 is
thought to originate predominantly from electronic effects
rather than from steric grounds. The reduced electron density
on the dinuclear platinum centers in1 would probably favor
metal-metal interactions to occur in order to compensate
for the loss of electron density upon coordination of the Pt-
(trpy) units. In general, steric effects are also known to affect
the metal-metal separation, in which an increased bulk of
the alkynyl ligands would cause the bending of the C-Pt-C
bond, forcing the two Pt centers to approach each other more
closely.5c The metal-metal interaction has also been cor-
related to the steric demand of the coordinated ligands as
reflected by the pyramidality effect.11 However, on the basis
of steric arguments alone, the smaller observed deviation of
the C-Pt-C angle from 180° in 2 [6.0(7)°] compared to1
[10.7(3)°] is not in agreement with the shorter Pt‚‚‚Pt distance
observed in2 [Pt‚‚‚Pt, 3.178(1) Å] compared to1 [Pt‚‚‚Pt,
3.285(1) Å]. Therefore, it is likely that the electronic effect
plays a more dominant role in governing the metal-metal
distance in the present system.

The two adjacent peripheral Pt(trpy) moieties are in
parallel orientation, with an interplanar distance of ca. 3.67
Å, suggesting the presence of someπ-stacking interactions
between the two terpyridyl units.12 However, the Pt(trpy)
planes are slanted at an angle of ca. 34.66° to the P-Pt-P
axis, giving a Pt‚‚‚Pt distance of 5.079(1) Å, suggestive of
no Pt‚‚‚Pt interactions between the peripheral platinum atoms.

The electronic absorption spectrum of1 in ethanol-
dichloromethane (1:4 v/v) shows a low-energy absorption
band at ca. 368 nm, with low-energy tails extending to ca.
450 nm. With reference to previous spectroscopic work on
the related face-to-face dinuclear platinum(II) alkynyl com-
plexes,5 the low-energy absorption band at 368 nm is
assigned as a spin-allowed metal-metal-to-ligand charge
transfer (MMLCT) [dσ*(Pt2) f pσ(Pt2)/π*(CtCR)] transi-
tion, while the low-energy tails are assigned as spin-forbidden
MMLCT transitions. The electronic absorption spectrum of
2 in acetone shows a low-energy absorption band at ca. 416
nm. It is suggested that the low-energy absorption band may
involve a dπ(Pt) f π*(trpy) metal-to-ligand charge transfer
(MLCT) transition because similar absorption bands at-
tributed to MLCT transition are observed in other related
platinum(II) terpyridyl systems.13

Upon excitation atλ > 350 nm, 1 exhibits strong
luminescence in the solid state and in solutions both at room
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Figure 1. Perspective view of [Pt2(µ-dppm)2(CtCC5H4N)4] (1). The H
atoms have been omitted for clarity. Thermal ellipsoids are shown at 30%
probability level.

Scheme 1
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temperature and at 77 K. Two emission bands at 515 and
635 nm are observed in the steady-state emission spectrum
of 1 in EtOH-CH2Cl2 (1:4 v/v) at 77 K. The two emission
bands are found to have different lifetimes, both in micro-
second range, probably arising from different origins.14 With
reference to previous spectroscopic work,5b the higher energy
emission band observed at ca. 515 nm is tentatively assigned
as intraligand phosphorescence of the bridging diphosphine
ligands. The emission spectrum of1 in the solid state at 77
K shows an emission band at ca. 605 nm, while at room
temperature in ethanol-dichloromethane (1:4 v/v) an emis-
sion band at ca. 670 nm is observed; both of these are
ascribed to phosphorescence derived from the3MMLCT
state. Figure 3 shows the excitation and time-resolved
emission spectra of1 in EtOH-CH2Cl2 (1:4 v/v) at 298 K.
The close resemblance of the excitation band to the low-
energy tail at ca. 400-450 nm in the electronic absorption
spectrum is supportive of a3MMLCT origin.

Complex2 exhibits strong luminescence at ca. 520 nm at
77 K in ethanol-methanol (4:1 v/v) glass, which may
probably arise from metal-perturbed ligand-centered phos-
phorescence. The solid state of2 in 77 K exhibits strong
luminescence at ca. 620 nm which is also ascribed to

phosphorescence derived from the3MMLCT state. The red-
shift of the emission band of2 relative to that of1 (Figure
4) is probably attributed to the increased Pt‚‚‚Pt interaction
due to a shrinkage of the Pt‚‚‚Pt bond distance in the Pt2-
(dppm)2 core in the hexanuclear structure as well as an
increase in theπ-accepting ability of the ethynylpyridine
units upon coordination of the Pt(trpy) moieties.

The present work demonstrates a facile and high-yield
synthesis of a high-nuclearity supramolecular platinum
complex using a face-to-face dinuclear platinum complex
as the building block. The application of this class of
compounds in transition-metal-mediated supramolecular self-
assembly shows great potential and is now in progress.
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(14) The attribution of the high energy emission of1 to be due to the
presence of a small amount of impurity in less than 1%, most likely
the mononucleartrans-[Pt(dppm-P)2(CtCC5H4N)2] complex, is not
favored, because the emission energy of the relatedtrans-[Pt(dppm-
P)2(CtCC6H5)2] is known to occur at higher energy (see ref 4i).
Although the possibility of the presence of an impurity cannot be
completely eliminated, we do not favor this assignment.

Figure 2. Perspective view of the complex cation of [Pt2(µ-dppm)2(CtCC5H4N)4{Pt(trpy)}4](CF3SO3)8 (2). The H atoms and C atoms of phenyl rings of
dppm have been omitted for clarity. Thermal ellipsoids are shown at 20% probability level.

Figure 3. (a) UV-vis absorption spectrum of [Pt2(µ-dppm)2(Ct
CC5H4N)4] (1). (b) Excitation (-) and emission (-‚-‚-) spectra of1 in EtOH-
CH2Cl2 (1:4 v/v) at 298 K. Excitation wavelength at 355 nm.

Figure 4. Normalized emission spectra of [Pt2(µ-dppm)2 (CtCC5H4N)4]
(1) (-) and [Pt2(µ-dppm)2{CtCC5H4NPt(trpy)}4](CF3SO3)8 (2) (- - -) in
the solid state at 77 K. Excitation wavelength at 355 nm for1 and at 400
nm for 2.
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