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Four cyclometalated Pt(II) complexes, [PtL(L′)][ClO4] [HL ) 6-phenyl-2,2′-bipyridine; L′ ) pyridine (1),
4-aminopyridine (2), 2-aminopyridine (3), 2,6-diaminopyridine (4)], were designed and synthesized to probe
intramolecular N‚‚‚Pt interactions. The crystal structures of the compounds show that the pyridine ligands are
almost perpendicular to the planes of the molecules. In addition, the pendant NH2 groups of the 2-aminopyridine
and 2,6-diaminopyridine ligands are close to the metal centers in complexes3 and4, with the Pt-N(H2) distances
(3.065(3)-3.107(3) Å) significantly shorter than the sum of the van der Waals radii of Pt and N. These compounds
were also studied by electronic spectroscopy. All the complexes display intense intraligandπ f π* transitions
at 200-340 nm (ε ) 104-103 M-1 cm-1) and moderately intense (ε ∼ 103 M-1 cm-1) metal (Pt)-to-ligand (π*)
charge-transfer (MLCT) transitions. For1 and2, the MLCT transitions occur at∼390 nm, but the MLCT transition
of 4 is exceptionally low in energy (492 nm). The low-temperature emission spectra of the complexes in frozen
EMD glass indicate that3ππ* is the emissive excited state for1 and2 but the emission of3 is from a3MLCT
excited state. On the basis of the spectroscopic results, the order of energy of the MLCT excited states is established
as 1 ∼ 2 > 3 > 4. It is proposed that the red shifts of the MLCT transitions in3 and 4 are due to increased
electron-donating abilities of the ancillary pyridine ligands and intramolecular interactions between the orbitals
of amine nitrogen lone pairs. Crystal data for the complexes are as follows.1: triclinic P1h, Z ) 2, a ) 8.7917(2)
Å, b ) 10.6398(3) Å,c ) 11.9592(3) Å,R ) 107.130(1)°, â ) 92.522(1)°, γ ) 111.509(1)°. 2‚CH3CN: triclinic
P1h, Z ) 2, a ) 7.0122(4) Å,b ) 12.9653(8) Å,c ) 14.0283(9) Å,R ) 107.3100(10)°, â ) 102.7640(10)°, γ
) 91.6320(10)°. 3‚CH3CN: triclinic P1h, Z ) 2, a ) 7.6459(1) Å,b ) 10.8433(1) Å,c ) 14.8722(2) Å,R )
99.383(1)°, â ) 93.494(1)°, γ ) 101.385(1)°. 4‚CH3CN: triclinic P1h, Z ) 2, a ) 7.862(2) Å,b ) 10.977(3) Å,
c ) 14.816(5) Å,R ) 99.34(2)°, â ) 92.64(2)°, γ ) 104.11(2)°.

Introduction

Square planar Pt(II)-polypyridine complexes represent an
important class of luminophores in inorganic photochemistry.1

Brightly colored and strongly emissive, Pt(II)-polypyridine
compounds have found applications in areas such as photosen-
sitization,2 supramolecular photochemistry,3 and chemical sens-
ing.4 Polypyridine ligands commonly found in this class of
complexes include variously substituted 2,2′-bipyridine (bpy),
1,10-phenanthroline,2d-f,5 2,2′:6′,2′′-terpyridine (terpy),6 6-phen-
yl-2,2′-bipyridine (HL),7 and 2,2′:6′,2′′:6′′,2′′′-quaterpyridine
(qp).8 Pt(II)-polypyridine complexes such as [Pt(qp)]2+ and

[Pt(bpy)2]2+ contain a polypyridine as the only ligand, while,
in compounds such as [Pt(bpy)(X)2]1a,5a-o and [Pt(terpy)(X)]+

(X ) Cl, Br, I, CN, NCS, Me, C2Ph, OMe),6a-i the metal is
coordinated to one or two ancillary ligands X in addition to the
polypyridine. Many Pt(II)-polypyridine complexes are photo-
luminescent, and previous spectroscopic investigations showed
that the phosphorescence of the complexes arises from one of
the following electronic excited states: ligand field (3LF), metal-
to-ligand charge transfer (3MLCT), and intraligand (3ππ*).1a

Additionally, the natures of the emissive excited states of the
complexes are found to be sensitive to the properties of both
polypyridine and ancillary ligands. This can be illustrated by
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the example where the emissions of Pt(II)-polypyridine com-
plexes containing strong-field ligands, such as [Pt(5,5′-
Me2bpy)(CN)2]5g and [Pt(bpy)(en)]2+ (en) ethylenediamine),5f

arise from intraligand3ππ* excited states whereas the emission
of the complex [Pt(bpy)Cl2], which contains the weak-field
ligand chloride, originates from a3LF excited state.5e,f The
3MLCT state is the lowest energy excited state for Pt(II)
compounds containing either polypyridine ligands that have low-
lying π* orbitals5e or strong electron-donating ancillary
ligands.6b,c,e,7a,cFurthermore, the energy of the MLCT excited
state can be tuned by the ancillary ligand, as demonstrated by
the red shift of the MLCT transitions of the complexes
[Pt(terpy)(X)]+ (X ) Cl, Br, I) as X is changed from Cl to the
stronger electron-donating Br and I.6c Finally, it is known that
the 3LLCT state, which is derived from a ligand-to-ligand
charge-transfer transition, is the lowest energy excited state for
Pt(II)-polypyridine complexes which possess electron-rich
thiolates as ancillary ligands.9

In addition to those of the polypyridine and ancillary ligands,
the spectroscopy and photophysics of Pt(II)-polypyridine
complexes are also subject to the influence of intermolecular
metal-metal and ligandπ-π interactions. It is well-known that
many Pt(II)-polypyridine complexes stack in the solid state
via Pt-Pt and/orπ-π interactions, forming dimers or linear

chains.5a-n,6 These weak interactions are also responsible for
the dimerization of [Pt(terpy)(Cl)]+ in solution.6b Generally, the
MLCT transitions of the aggregated Pt complexes in the solid
state and solution are red-shifted significantly from those of
the monomeric complexes. Besides, intermolecular Pt-Pt
interactions also lead to a decrease of MLCT transition energy
in binuclear compounds such as [Pt2(terpy)2(µ-pyrazolate)]3+ 10

and [Pt2L2(µ-dppm)]2+ 7a,d (dppm ) bis(diphenylphosphi-
no)methane). Analogous to the case of the binuclear complex
[Pt2(P2O5H2)4],4-11 interactions between the 5dz2 orbitals of
adjacent Pt atoms in these Pt(II)-polypyridine complexes give
rise to a bonding dσ and an antibonding dσ* orbitals and the
red-shifted MLCT transition corresponds to the dσ* f π*
transition.5d-g,i,6b,c,h,7a,d,10

In view of the pronounced effect of Pt-Pt interactions on
the spectroscopic and photophysical properties of Pt(II)-
polypyridine complexes, we were interested to know if the
electronic structures of the complexes could be affected by other
weak interactions. Especially, we were interested in understand-
ing the effects of intramolecular interactions between lone pairs
and metals on the electronic structures. We report herein the
syntheses, structures, and electronic spectroscopy of four
cyclometalated Pt(II) complexes (Chart 1). Compounds3 and
4, which contain the ligands 2-aminopyridine and 2,6-diami-
nopyridine, were designed to probe the effect of the nitrogen
lone pairs on the electronic structures of the complexes, and
complexes1 and2 were synthesized as reference compounds.

Experimental Section

Materials. Potassium tetrachloroplatinate and lithium perchlorate
were obtained from Oxkem and Fluka, respectively. 2-Aminopyridine,
4-aminopyridine, and 2,6-diaminopyridine were purchased from Aldrich
and used without further purification. All solvents used in syntheses
and spectroscopic measurements were purified according to the literature
methods.

Physical Measurements.The UV-vis absorption and low-temper-
ature emission spectra of the complexes were recorded on a Hewlett-
Packard HP8452A diode array spectrophotometer and a Perkin-Elmer
LS-50D fluorescence spectrophotometer, respectively. All samples used
for low-temperature emission spectroscopy were prepared by dissolving
the complexes in 5:5:1 mixtures of ethanol/methanol/dimethylforma-
mide (EMD), which formed transparent glasses at 77 K. Sample
solutions used for room-temperature emission measurements were
degassed with at least three freeze-pump-thaw cycles. The emission
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Chart 1. Nomenclatures for the Complexes
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quantum yields were measured with [Ru(bipy)3][PF6]2 in degassed
acetonitrile as the standard.1H NMR spectra were recorded at 25°C
on a Bruker ACF 300 spectrometer. Elemental analyses of the
complexes were carried out in the microanalytical laboratory of the
Department of Chemistry at the National University of Singapore.
Emission lifetime measurements were performed with a Quanta Ray
DCR-3 pulsed Nd:YAG laser system (pulse output 355 nm, 8 ns). The
emission signals were detected by a Hamamatsu R928 photomultiplier
tube and recorded on a Tektronix model 2430 digital oscilloscope.

Syntheses of Metal Complexes 1-4. The compounds 6-phenyl-
2,2′-bipyridine12 (HL) and [PtL(Cl)]13 were synthesized according to
the reported methods. The same procedure was adopted for the
syntheses of the four complexes [PtL(L′)][ClO4] [L ) pyridine (1),
4-aminopyridine (2), 2-aminopyridine (3), 2,6-aminopyridine (4)]: An
excess amount of ligand L′ (∼0.2 g) was added to a suspension of
[PtL(Cl)] (0.5 g, 1.1 mmol) in methanol (30 mL), and the mixture was
refluxed until the solution became clear. The solution was filtered and
excess LiCO4 was added to precipitate the product. The solid collected
after filtration was washed with excess methanol, and the product was
purified by slow diffusion of diethyl ether into an acetonitrile solution.
1: yield 85%. Anal. Calcd for C21H16N3PtClO4: C, 41.7; H, 2.6; N,
6.9. Found: C, 41.2; H, 2.7; N, 6.9.1H NMR (CD3CN, 300 MHz;δ):
7.05-7.23 (m, 3H), 7.37-7.45 (m, 1H), 7.48-7.55 (m, 1H), 7.59-
7.65 (m, 1H), 7.68-7.82 (m, 3H), 7.89-8.12 (m, 3H), 8.15-8.26 (m,
2H), 8.65 (m, 1H), 8.98 (m, 1H).2‚CH3CN yield: 75%. Anal. Calcd
for C23H20N5PtClO4: C, 41.8; H, 3.0; N, 10.6. Found: C, 41.6; H, 2.9;
N, 10.3.1H NMR (CD3CN, 300 MHz;δ): 5.76 (b, 2H), 6.59 (m, 1H),
6.79 (d, 2H), 7.14 (m, 2H), 7.57 (m, 1H), 7.69 (m, 1H), 7.80 (m, 1H),
7.92 (m, 1H), 8.05 (m, 2H), 8.13 (m, 1H), 8.23 (d, 1H), 8.26 (m, 2H).
3‚CH3CN: yield 64%. Anal. Calcd for C23H20N5PtClO4: C, 41.8; H,
3.0; N, 10.6. Found: C, 41.5; H, 3.0; N, 10.4.1H NMR (CD3CN, 300
MHz; δ): 6.18 (b, 2H), 6.51 (dd, 1H), 6.55-6.62 (m, 1H), 6.84 (t,
1H), 6.96 (d, 1H), 7.10-7.17 (m, 2H), 7.55-7.85 (m, 4H), 7.88-7.96
(m, 1H), 8.05-8.11 (m, 2H), 8.22-8.26 (m, 2H).4‚CH3CN: yield
48%. Anal. Calcd for C23H21N6PtClO4: C, 40.9; H, 3.2; N, 12.4.
Found: C, 41.0; H, 3.2; N, 12.6.1H NMR (CD3CN, 300 MHz; δ):
5.95 (b, 4H), 6.11-6.18 (m, 2H), 6.48-6.66 (m, 1H), 7.08-7.18 (m,
2H), 7.47 (t, 1H), 7.58 (m, 1H), 7.64 (m, 1H), 7.85 (m, 1H), 7.96 (m,
1H), 8.10 (t, 2H), 8.21-8.28 (m, 2H).

X-ray Crystallography. The diffraction experiments were carried
out on a Bruker AXS SMART CCD three-circle diffractometer with
an Mo KR sealed tube at 23°C. The softwares used were SMART1

for collecting frames of data, indexing reflections, and determination

of lattice parameters; SAINT14 for integration of intensities of reflections
and scaling; SADABS15 for empirical absorption corrections; and
SHELXTL16 for space group determinations and structure solutions and
least-squares refinements on|F|2. The crystals were mounted at the
end of glass fibers and used for the diffraction experiments. A brief
summary of crystal data and experimental details is given in Table 1.

Compound 1.A total of 9213 reflections were collected in the 2θ
range 2.18-29.40° (-12 e h e 11, -13 e k e 14, -15 e l e 15),
of which 4743 (Rint ) 0.0305) were independent. The oxygen atoms
of the perchlorate anion were found to be disordered. Two orientations
of oxygen atoms were included in the model with occupancies of 0.75
and 0.25. Common isotropic thermal parameters were refined for each
groups, and anisotropic thermal parameters were refined for the
remainder of the non-hydrogen atoms. The hydrogen atoms were placed
in their ideal positions. An extinction coefficient was refined to
0.0009(5). The electron densities fluctuated between+1.283 and
-1.178 e Å-3 in the final Fourier difference map.

Compound 2‚CH3CN. The number of reflections collected in the
2θ range 2.61-29.36° (-9 e h e 9, -17 e k e 16, 0e l e 9) was
9040, of which 5630 (Rint ) 0.0273) were independent. The perchlorate
anion was disordered and was modeled with three sets of sites for the
O atoms; their occupancies were refined but restrained to sum to unity.
All Cl -O bond lengths and O-Cl-O bond angles (within each set)
were restrained to be the same, and all O atoms were given a fixed
isotropic parameter of 0.15 Å2. Common isotropic thermal parameters
were refined for the oxygen atoms of each model. An acetonitrile solvate
was found in the Fourier difference map. All the non-hydrogen atoms
excluding the disordered oxygen atoms were refined anisotropically,
and all hydrogen atoms were included in their calculated positions. In
the final least-squares cycles, the leftover electron densities were in
the range+1.526 to-1.176 e Å-3.

Compound 3‚CH3CN. The number of reflections collected in the
2θ range 2.18-29.2° (-10 e h e 10, -14 e k e 14, -19 e l e 19)
was 11 055, of which 5676 (Rint ) 0.0500) were independent. The
oxygen atoms of the perchlorate anion were found to be disordered.
Three disorder models with occupancies of 0.4, 0.4, and 0.2 were
included in the least-squares cycles. Common isotropic thermal
parameters were refined for the oxygen atoms of each model. An
acetonitrile solvate was found in the Fourier difference map. All the
non-hydrogen atoms excluding the disordered oxygen atoms were
refined anisotropically, and all hydrogen atoms were included in their
calculated positions. In the final least-squares cycles, the leftover
electron densities were in the range+1.911 to-2.405 e Å-3.

(12) Dietrich-Cornioley, C. O.; Marnot, P. A.; Sauvage, J. P.Tetrahedron
Lett. 1982, 23, 5291.

(13) Constable, E. C.; Henney, R. P. G.; Leese, T. A.; Tocher, D. A.J.
Chem. Soc., Chem. Commun. 1990, 513.

(14) SMART & SAINT Software Reference Manual, Version 4.0; Siemens
Energy & Automation, Inc.: Madison, WI, 1996.

(15) Sheldrick, G. M.SADABS: A software for empirical absorption
corrections; University of Göttingen: Göttingen, Germany, 1996.

(16) SHELXTL Reference Manual, Version 5.03; Siemens Energy &
Automation, Inc.: Madison, WI, 1996.

Table 1. Crystal Data and Structure Refinement Details for1, 2‚CH3CN, 3‚CH3CN, and4‚CH3CNa

1 2‚CH3CN 3‚CH3CN 4‚CH3CN

empirical formula C21H16ClN3O4Pt C23H20ClN5O4Pt C23H20ClN5O4Pt C23H21ClN6O4Pt
fw 604.91 660.98 660.98 676.00
crystal size, mm3 32× 13× 0.04 0.42× 0.28× 0.14 0.35× 0.2× 0.03 0.33× 0.25× 0.13
a, Å 8.7917(2) 7.0122(4) 7.6459(1) 7.862(2)
b, Å 10.6398(3) 12.9653(8) 10.8433(1) 10.977(3)
c, Å 11.9592(3) 14.0283(9) 14.8722(2) 14.816(5)
R, deg 107.130(1) 107.3100(10) 99.383(1) 99.34(2)
â, deg 92.522(1) 102.7640(10) 93.494(1) 92.64(2)
γ, deg 111.509(1) 91.6320(10) 101.385(1) 104.11(2)
V, Å3 979.97(4) 1181.44(12) 1187.03(2) 1218.8(6)
Fcalcd, g cm-3 2.050 1.858 1.849 1.842
GOF onF2 1.016 1.034 0.970 1.165
µ, cm-1 7.330 6.091 6.0631 5.908
F(000) 580 640 640 656
R1b [I g 2σ(I)] 0.0362 0.0533 0.0527 0.0487
wR2c [I g 2σ(I)] 0.0923 0.1259 0.1181 0.1180

a For all compounds: triclinic crystal system, space groupP1h; Z ) 2; λ ) 0.710 73 Å.b R1 ) ∑||Fo| - |Fc||/∑|Fo|. c wR2 ) [∑w(Fo
2 - Fc

2)/
(∑wFo

4]1/2.
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Compound 4‚CH3CN. A total of 7257 reflections were collected
in the 2θ range 2.59-29.21° (-10 e h e 10, -12 e k e 12, -19 e
l e 20), of which 5210 (Rint ) 0.0262) were independent. The oxygen
atoms of the perchlorate anion were found to be disordered. Four
independent orientations of the oxygen atoms were resolved and
included in the model with occupancies of 0.4, 0.3, 0.2, and 0.1.
Common isotropic thermal parameters were refined for each model,
and isotropic thermal parameters were refined for the remainder of the
non-carbon atoms. An acetonitrile solvate was found in the crystal
lattice. In the final Fourier difference map, the electron densities
fluctuated in the range+1.583 to-2.276 e Å-3.

Results and Discussion

Crystal Structures. The X-ray crystal structures of the
cations of1-4 are shown in Figure 1, and selected bond lengths
and angles are listed in Table 2. As expected for mononuclear
d8 Pt(II) complexes, the Pt atoms in the four complexes are all
four-coordinate, showing distorted square planar geometries. The
cyclometalated PtL units are essentially planar. Metal-ligand
bond lengths and angles in the four PtL moieties are similar
and are close to those observed in related complexes such as
[PtL(CH3CN)]+ 13 and [PtL(PPh3)]+.7aThe Pt-N(pyridine) bond
distances in1 (2.029(6) Å) and2 (2.032(8) Å) are slightly
shorter than those in3 (Pt(1)-N(3) ) 2.049(7) Å) and4 (Pt(1)-
N(3) ) 2.052(7) Å), but all of them are shorter than the reported

Pt-N bond lengths intrans-[Pt(pyridine)2Cl2] (Pt-N ) 2.085
Å).17 A common feature of the four complexes is the near-
perpendicular orientation of the ancillary pyridine ligands with
respect to the plane of the cyclometalated PtL unit. The dihedral
angles, defined by N(2)-Pt(1)-N(3)-C(17), are 118.3, 92,
114.5, and 112° for 1-4, respectively. Probably, this orientation
of the pyridine ligands is adopted to relieve the steric repulsion
between the cyclometalated ligand and the NH2 groups or
hydrogen atoms at the 2- and 6-positions of the pyridine ligands.
It is noted that, for complexes2-4, the C-N bonds between
the amine substituents and the pyridine rings are shorter than a
normal C-N(H2) single bond (∼1.44 Å), indicating that there
is a delocalization of the lone pair electrons of the amine
nitrogens into the pyridine rings and the C-N(H2) bonds possess
some double-bond character. Because of the perpendicular
orientation of the pyridine rings, the pendant NH2 groups in
2-aminopyridine and 2,6-diaminopyridine are located above the
Pt centers in3 and4. The Pt-N(H2) distances in3 (3.107(3)
Å) and4 (3.065(3), 3.083(3) Å) are longer than Pt-N covalent
bonds but are significantly shorter than the sum of the van der
Waals radii of Pt and N, which is known to be around 3.25-
3.35 Å.18

(17) Forsellini, E.; Bombieri, G.; Crociani, B.; Boschi, T. J. Chem. Soc.,
Chem. Commun. 1970, 1203.

Figure 1. Molecular structures of the cations in (a)1, (b) 2‚CH3CN, (c) 3‚CH3CN, and (d)4‚CH3CN (ORTEP drawings with 50% probability of
ellipsoids).
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Absorption Spectroscopy. Figure 2 shows the solution
absorption spectra of1-4. Previous spectroscopic studies
showed that Pt(II)-polypyridine complexes usually exhibit three
types of electronic transitions: ligand field (d-d), intraligand
π-π*, and metal-to-ligand charge-transfer (MLCT) transitions.1a

Given the strong-field nature of the ligands in1-4, the d-d
transitions of the complexes are expected to lie in the high-
energy region (<300 nm) and would be masked by the intense
π-π* transitions.19 Accordingly, only theπ-π* and the MLCT
transitions need to be considered in assigning the low-energy
absorption features of the compounds.

All of the spectra of the complexes show intense absorptions
in the range 220-340 nm (ε ) 104-103 M-1 cm-1), whose
energies and shapes are typical for intraligand (L)1π f π*
transitions. Similar absorptions have been found in the solution
spectra of the related compounds [PtL(Cl)] and [PtL(PPh3)]-
[ClO4].7a In addition to the1π f π* absorptions, the solution
spectrum of1 also displays a shoulder around 380 nm (ε )

1207 M-1 cm-1), which is assigned to a1MLCT (5d(Pt) f
p*(L)) transition.1MLCT absorptions showing similar extinction
coefficients have been located in the electronic spectra of related
Pt(II)-polypyridine complexes such as [PtL(Cl)] (400-445 nm;
ε ) 1550-1020 M-1 cm-1)7a and [Pt(terpy)(Cl)]+ (372 nm;ε
) 1300 M-1 cm-1).6b,c,e The spectrum also shows a weak
absorption in the 400-450 nm range (ε ∼ 300 M-1 cm-1),
which is attributable to the forbidden3MLCT and/or 3ππ*
transitions. The spectrum of2 shows a more distinct absorption
band at 390 nm (εmax ) 1527 M-1 cm-1), which tails off toward
∼450 nm. Since the 390 nm absorption band resembles the 380
nm shoulder in the spectrum of1 in both energy and extinction
coefficient, it is also assigned to the Ptf π* 1MLCT transition.
The weak absorption at∼430 nm (ε ) 318 M-1 cm-1) could
be due to both3MLCT and 3ππ* transitions. The absorption
spectrum of3 also exhibits an MLCT absorption band in the
380-450 nm range (ε390nm) 1196 M-1 cm-1). In addition, the
spectrum shows absorptions around 500 nm (ε ∼ 50 M-1 cm-1).
The absorption band could be due to a3MLCT transition, as
no such low-energy absorption is observed in the spectra of1
and2. This is further supported by a low-temperature emission
study, which shows that the lowest energy excited state of3 is

(18) Huheey, J. E.Inorganic Chemistry: Principles of Structures and
ReactiVity, 2nd ed.; Harper & Row: New York, 1978; p 232.

(19) The energies of the ligand field transitions of1-4 are expected to be
similar to those of Pt(II) tetraamine complexes (<285 nm) (Mason,
W. R.; Gray, H. B.J. Am. Chem. Soc. 1968, 90, 5721).

a

b

c

d

Figure 2. UV-vis absorption spectra recorded in acetonitrile at 298 K: (a)1; (b) 2; (c) 3; (d) 4.
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3MLCT in nature (vide infra). On the whole, the absorption
spectrum of4 is similar to those of1-3 in the range 200-340
nm, showing intense1π f π* transitions. However, the
spectrum shows striking differences in the region beyond 400
nm. Unlike the other three compounds, which have no or very
weak absorptions beyond 500 nm,4 displays a moderately
intense absorption band peaking at 492 nm (εmax ) 748 M-1

cm-1). The absorption obeys Beer’s law in the concentration
range 10-5-10-3 M, indicating there is no dimerization of
complex4 in solution and the absorptions are from monomeric
complexes. On the basis of its extinction coefficient, which is
very close to those of1MLCT absorption bands of other Pt(II)-
polypyridine complexes, the absorption band at 492 nm is
assigned to the1MLCT transition. Unfortunately, because of
the poor solubility of the complex in other organic solvents,
the solvatochromism of the absorption band cannot be demon-
strated.

Emission Spectroscopy.The emission spectra (EMD glass
at 77 K) and photophysical data of1-3 are shown in Figure 3
and Table 3, respectively. Emissions of1 and 2 are almost
identical in both energy and shape. Both emissions are highly
structured (λmax ) 502 nm), showing a vibrational progression
of ∼1300 cm-1, attributable to the averaged frequency of the
CdN and CdC stretches of L in the excited state.20 The
emissions are close in energy and shape to the3ππ* emission
(λmax ) 484 nm) of the cyclometalated gold(III) complex
[AuIIIL(PPh3)][ClO4] (H2L ) 2,6-diphenylpyridine).21 Similarly
structured emissions have also been observed in the spectra of
other Pt(II)-polypyridine complexes,5f,i,6f,i and the emissive

states are usually assigned to the ligand-centered3ππ* excited
state. The similar energies and shapes of the emission bands of
1 and2 support the3ππ* assignment, as one would expect the
energy of the ligand-centered3ππ* excited state not to be
affected by the ancillary ligand. The assignment is also in accord
with the studies of Miskowski and Houlding, which showed
that the lowest energy (emissive) excited states of Pt(II)-
polypyridine complexes containing strong-field ligands are
intraligand3ππ* in nature.1a,5f The emission of3 is remarkably
different from 3ππ* emissions of1 and 2 (Figure 3b). The
emission band of3 is lower in energy (λmax ) 540 nm) than
the 3ππ* emissions of1 and2, and its vibronic structures are
not well-resolved, showing a spacing of∼1400 cm-1. The shape
and energy of the emission are typical for the3MLCT emissions
exhibited by the related compounds [PtL(Cl)]7a and the carbene
complex{PtL[C(NHCH3)(NHPh)]}+,7c which contain strongly
electron-donating ancillary ligands. Notably, excitation at the
1π-π* absorption band of the complex (340 nm) leads to the
same3MLCT emission, suggesting the energy of the3MLCT
excited state is lower than that of the3ππ* state and the internal
conversion from the3ππ* state to3MLCT state is very facile.
It is found that the room-temperature emission spectra of
complexes1-3 in degassed acetonitrile solutions are almost
identical to the corresponding 77 K spectra. Unlike the other
compounds,4 is not emissive, even at 77 K. The excited state
of 4 may undergo intramolecular electron transfer with the
reducing 2,6-diaminopyridine ligands, which would render the
complex nonemissive.

Origins of the Red Shift. The most remarkable spectroscopic
feature of the present compounds is the dramatic red shift of
the MLCT transitions exhibited by3 and4. The emission studies
showed that the3MLCT state of3 is lower in energy than those

(20) In ref 7d, Che et al. reported the solution emission spectra of1 at
room temperature. The emission was found to be red-shifted at high
complex concentration. In our study of the emission spectrum of1 in
frozen EMD glass at 77 K, we also observed an additional emission
band at∼650 nm at high concentration (>10-4 M). However, the
3ππ* emission band is the only observable emission when the
concentration of the complex is low (<10-5 M).

(21) Wong, K. H.; Cheung, K. K.; Chan, M. C. W.; Che, C. M.
Organometallics1998, 17, 3505.

Table 2. Selected Bond Lengths (Å) and Angles (deg) for
1,2‚CH3CN, 3‚CH3CN, and4‚CH3CN

Complex1
Pt(1)-N(1) 2.092(6) Pt(1)-N(3) 2.029(6)
Pt(1)-N(2) 1.946(6) Pt(1)-C(1) 2.004(7)

N(1)-Pt(1)-N(2) 81.1(3) N(1)-Pt(1)-N(3) 99.4(3)
N(2)-Pt(1)-C(1) 80.0(2)

Complex2‚CH3CN
Pt(1)-N(1) 2.087(8) Pt(1)-C(1) 1.999(10)
Pt(1)-N(2) 1.962(7) C-N(4) 1.349(12)
Pt(1)-N(3) 2.032(8)

N(1)-Pt(1)-N(2) 79.5(3) N(1)-Pt(1)-N(3) 101.2(3)
N(2)-Pt(1)-C(1) 82.8(4)

Complex3‚CH3CH
Pt(1)-N(1) 2.123(7) Pt(1)-C(1) 1.995(8)
Pt(1)-N(2) 1.938(7) C(21)-N(4) 1.291(13)
Pt(1)-N(3) 2.052(7) Pt(1)‚‚‚N(4) 3.107(3)

N(1)-Pt(1)-N(2) 79.6(3) N(3)-Pt(1)-N(1) 100.6(3)
N(2)-Pt(1)-C(1) 82.3(3)

Complex4‚CH3CN
Pt(1)-N(1) 2.112(7) C(17)-N(4) 1.346(12)
Pt(1)-N(2) 1.952(7) C(21)-N(5) 1.333(14)
Pt(1)-N(3) 2.049(7) Pt(1)‚‚‚N(4) 3.083(3)
Pt(1)-C(1) 2.005(8) Pt(1)‚‚‚N(5) 3.065(3)

N(1)-Pt(1)-N(2) 79.7(3) N(2)-Pt-N(3) 99.4(4)
N(2)-Pt(1)-C(1) 82.0(3)

Figure 3. Emission spectra of1 (s), 2 (‚‚‚), and3 (- -) in EMD
glass at 77 K. Excitation wavelength) 390 nm.

Table 3. Photophysical Properties of Complexes1-3a

complex τ; λmax; φem
b τ; λmax

c

1 0.18; 494; 0.05 14.1; 490
2 0.10; 495; 0.06 10.1; 490
3 0.31; 531; 0.01 13.4; 520

a τ ) lifetime in ms; λmax ) emission maximum in nm;φem )
emission quantum yield.b Quantities were measured at room temper-
ature in a degassed acetonitrile solution; excitation wavelength) 390
nm. c Quantities were measured at 77 K in a frozen glass of ethanol/
methanol/dimethylformamide (5:5:1); excitation wavelength) 390 nm.
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of 1 and2. Unfortunately, the3MLCT emission of4 cannot be
detected. Nevertheless, the absorption spectrum of4 clearly
shows that the MLCT transitions of the complex are red-shifted.
It is known that the energy of an MLCT excited state is
dependent on theσ-donating ability of the ancillary ligand.
Usually a strongσ-donating ligand would destabilize the Pt
orbitals, leading to a decrease in the energy gap between the
metal orbitals and theπ* orbitals and consequently a red shift
of the MLCT transition.6c For instance, the reported MLCT
transition of [PtL(Cl)] (400-445 nm; ε ) 1550-1020 M-1

cm-1)7a is lower in energy than those of1 and 2, in accord
with the fact that chloride is a strongerσ donor than pyridines.
Because of the lone-pair delocalization, the 2-aminopyridine and
2,6-diaminopyridine ligands in3 and 4 are stronger electron
donors, and accordingly the MLCT transitions of the complexes
are expected to be lower in energy. However, the MLCT excited
state of 3 is lower than that of2, despite the very similar
electron-donating abilities of the ligands 2-aminopyridine and
4-aminopyridine in the two complexes. This suggests the red
shift of MLCT transitions in3 (and4) is not solely due to the
increased electron-donating ability of the ancillary ligand. We
believe that intramolecular N‚‚‚Pt interactions between the
amine nitrogen lone-pair orbitals and a dπ orbital of the Pt center
red shift may contribute to the red shifts of the MLCT transitions
in 3 and 4. The crystal structures of3 and 4 show that the
pendant NH2 groups in 2-aminopyridine and 2,6-diaminopyri-
dine are close to the Pt centers. The Pt-N(H2) distances
(3.065(3)-3.107(3) Å) are significantly shorter than the sum
of van der Waals radii of Pt and N (3.25-3.35 Å),18 suggesting
orbital interactions between the nitrogen and platinum atoms
are possible. These orbital interactions are expected to destabilize
the metal orbitals (i.e., dπ orbitals), leading to a lowering of
the MLCT transition energies.

Interactions between Pt(II) centers and the pendant amine lone
pairs have been postulated to be responsible for the facile
oxidation of some Pt(II) complexes that contain triaza ligands.22

For example, it was found that a mixture of [Pt(bpy)(Cl)2] and
tach (cis,cis-1,3,5-triaminocyclohexane) can be oxidized to
[PtIV(tach-H2)(bpy)(H2O)]Cl2 (tach-H2 ) tach dianion) under
very mild conditions.22aAn intermediate [Pt(bpy)(tach)]2+ was
proposed, in which an uncoordinated NH2 group of tach interacts
with the filled 5dz2 orbital of the Pt(II) center. It was suggested
that the removal of electrons from the Pt center is facilitated
by the N‚‚‚Pt interaction. Similarly, the enhanced oxidizability
of the complex [Pt(1,4,7-triazacyclononane)2]2+ was explained
by the interactions of the Pt center with the dangling amine

lone pairs.22b We also noted that orbital interactions between
metal centers and pendant lone pairs, similar to the N‚‚‚Pt
interactions proposed in this work, were described by Cotton
et al. in their recent study23 of the binuclear compound
[Cr2(DPhIP)4] (DPhIP) 2,6-bis(phenylimino)piperidine anion).
The complex was found to have an exceptionally long Cr-Cr
bond (2.265(1) Å) in comparison with other binuclear chromium
compounds such as [Cr2(PhIP)4] (PhIP ) 2-(phenylimino)pip-
eridine anion; Cr-Cr ) 1.858(1) Å). The ligand DPhIP contains
a pendant imine group, and the lengthening of the Cr-Cr bond
in [Cr2(DPhIP)4] was attributed to axial interactions between
the imino nitrogen lone-pair orbitals and the dπ* orbitals of
the Cr-Cr quadruple bond, which lead to transfer of electron
density from the lone pairs to the dπ* orbitals.

Concluding Remarks

In this study we reported the crystal structures of four
cyclometalated Pt(II) complexes that contain substituted py-
ridines as ancillary ligands. The most intriguing spectroscopic
feature of these complexes is the red shift of the MLCT
transitions exhibited by3 and 4. The photophysical and
spectroscopic properties of the cyclometalated complexes
[PtL(L′)][ClO4] are found to be sensitive to the immediate
environment of the metal center. The results of emission and
absorption spectroscopic studies show the energies of the MLCT
excited states of the complexes to be in the order1 ∼ 2 > 3 >
4. The red shift of the MLCT transitions of3 and4 could be
due to the increased electron-donating abilities of the ancillary
ligands and intramolecular N‚‚‚Pt interactions between the lone-
pair orbitals of the dangling NH2 groups and the Pt 5dxz orbitals.
Finally, the fact that the electronic structures of the Pt(II)
complexes can be significantly affected by the N‚‚‚Pt interac-
tions suggest that these interactions might be useful in tuning
the photochemical and photophysical properties of Pt(II)
complexes.
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