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[Ru(1,10-phenanthroline)2(4,4,4′,4′-tetramethyl-2,2′-bisoxazoline)]-
(PF6)2‚H2O (1) shows a 3MC emission in CH3CN and CH3OH at
room temperature around 590 nm with radiative lifetimes of 1.22
× 10-4 and 1.40 × 10-4 s, respectively. The X-ray crystal structure
of 1 has been determined.

The radiative lifetimes (τr) for some polypyridine com-
plexes of Ru(II) at room temperature lie between 10-3 and
10-4 s.1,2 In these cases the emission is believed to originate
from a triplet state arising from a metal centered (MC)
transition. The values ofτr for a 3MLCT (metal to ligand
charge transfer) emission in Ru(II)-polypyridines at room
temperature are typically of the order of 10-5 s.1,2 But, to
our knowledge, observation of a3MC emission from a mixed
1,10-phenanthroline (phen) complex of Ru(II) has not yet
been reported. Herein we describe such a complex which
has been synthesized deliberately.

The lowest excited state in most of the known polypyridine
complexes of ruthenium(II) is a3MLCT one. However, it
has been found that the orbital nature of the lowest excited
state can be manipulated by appropriate choice of the ligand-
(s). Emission from a3MC state, which usually lies higher
than the 3MLCT state in energy, can be achieved by
decreasing the ligand field strength, e.g., replacing one or
two polypyridine ligands by Cl- ions.3 Guided by this fact,
we have been motivated to synthesize a mixed phen complex
of ruthenium(II) which can give rise to a3MC emission. For
[Ru(phen)3]2+, theτr values1 in water and ethanol are 1.6×
10-5 and 1.5× 10-5 s, respectively. The 10Dq of phen4

with respect to Ni(II) is 12745 cm-1. As a weak field ligand,
we have chosen 4,4,4′,4′-tetramethyl-2,2′-bisoxazoline (L),

which is a nonaromatic 1,4-diimine.4 Its 10Dq value5 with
respect to Ni(II) is∼10100 cm-1. Another reason for its
choice is that since L binds a metal through the N ends,6,7

we can maintain a RuN62+ chromophore.

We have synthesized [Ru(phen)2L](PF6)2‚H2O (1) by
refluxing cis-Ru(phen)2Cl2‚2H2O with a slight excess of L
in a 1:1 water-methanol mixture followed by addition of
excess NH4PF6.8-10 The X-ray crystal structure11,12 of the
cation in 1 is shown in Figure 1. The Ru-N(phen) bond
distances lie within the narrow range of 2.050-2.063 Å. The
bonds to the ligand L are somewhat longer: 2.119(7) and
2.128(6) Å. The geometry around the metal is distorted from
octahedral by the chelate bite of the three ligands; the bite
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angles are 79.5(4), 78.8(4)° (phen) and 76.3(4)° (L). The
two five membered rings of L are practically coplanar with
a deviation of 3.3°.

To have an idea of the strength of binding of L to
ruthenium(II) in1, we take recourse to the bond valence sum
(BVS) model13,14 which relates the bond distances around a
metal ion with its oxidation state. Our BVS calculations show
that the ideal value of a Ru(II)-N bond in a symmetric
RuN6

2+ chromophore is 2.08 Å (the relevant “ro” parameter
is 1.671 Å15). Thus the binding of L to the metal in1 seems
to be weaker than phen.

In the 1H NMR spectrum of1 in DMSO-d6 (deuterated
dimethyl sulfoxide) the four methyl groups of L are found
to be magnetically nonequivalent resonating as two singlets
at 1.40 and 3.67 ppm. Such magnetic nonequivalence is
observed for the methylene protons also; two of the four
methylene protons of L appear as a doublet around 4.91 ppm
with J ) 9 Hz and the other two appearing as another doublet
around 5.06 ppm with the sameJ value. In the1H NMR
spectrum of free L in CDCl3, the methyl protons appear as
a singlet at 1.37 ppm and the methylene protons as another
singlet at 4.13 ppm.7 The phen protons in1 resonate in the
region 7.86-9.72 ppm with the expected splitting patterns.

Complex1 displays a quasireversible Ru(III/II) couple in
cyclic voltammetry in purified CH3CN at a planar glassy
carbon electrode at 1.25 V vs. SCE (saturated calomel
electrode) and three of the six possible16 ligand-based
reductions in the range-1.36 V to-2.18 V (Table 1). For
comparison, cyclic voltammetric data for [Ru(phen)3]2+ are
also given in Table 1.17,18 The Ru(III/II) potential in1 is
found to be less than that in [Ru(phen)3]2+ by 70 mV. This
is in accord with the lower 10Dq of L compared to that of
phen; the crystal field splitting between t2 and e orbitals of
the Ru2+ ion (a d6 system) decreases in1 in comparison with
that in [Ru(phen)3]2+ lifting the t26 level in1 to higher energy
which is reflected in the metal oxidation potentials.

The electronic spectra of1 in CH3CN, CH3OH, and CH2-
Cl2 show a charge-transfer band around 447 nm. When
excited with 450 nm radiation, complex1 displays a broad
structureless (Gaussian shaped) emission band around 590
nm in deoxygenated CH3CN (Figure 2), CH3OH, and CH2-
Cl2 at room temperature (Table 2). The emission is much
weaker than that in [Ru(phen)3]2+ (Table 2). The quantum
yields Φ lie in the range 0.0015-0.0027. The measured
lifetimes (τm) are small (Table 1), yielding a radiative lifetime
τr ()τm/Φ) of 1.22× 10-4 s in CH3CN and 1.40× 10-4 s
in CH3OH.19-21 The order of the values ofτr shows that here
in 1 the lowest excited state at room temperature has an MC
character and not an MLCT one. This has been possible
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Figure 1. X-ray crystal structure of the cation in1. Selected bond distances
(Å): Ru1-N1 2.058(6); Ru1-N2 2.057(7); Ru1-N3 2.050(6); Ru1-N5
2.063(7); see text also.

Table 1. Cyclic Voltammetric Data for1 in Acetonitrile at a Planar
Glassy Carbon Electrodea

E1/2(∆Ep)

complex Ru(III/II) couple ligand based redox

1 1.25(80) -1.36(90),-1.63(-),b -2.18(-)b

[Ru(phen)3]2+ 1.32(59)c -1.54(-),b,d -1.67(-),b,d -1.97(-),b,d

a Half-wave potentials (E1/2) are given in V vs SCE, and peak-to-peak
separation∆Ep (at a scan rate of 50 mV s-1) is given in mV.b Only the
cathodic peak potential is given. The corresponding anodic peak could not
be observed.c At a Pt electrode.17 d At a Pt electrode.18

Figure 2. Emission spectrum of1 in deoxygenated CH3CN at room
temperature. Excitation wavelength: 450 nm. Absorbance of the solution
at 450 nm: 0.42.
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because of the lower ligand field strength of L coupled with
weak Ru-L bonding. When the lowest excited state is MC
in nature, the nonradiative pathways become so much
facilitated that usually no emission can be observed in room
temperature.1 This explains whyΦ in 1 is so much less than
that in [Ru(phen)3]2+. In this context, we note that [Ru-
(bisthiazoline)3]Cl2, where the ligand is essentially similar
to L and the metal has a N6 coordination sphere, is not
photoluminescent at room temperature in solution.22

To gain further insight into the nature of the lowest excited
state of our complex1, we have investigated the profile of
its emission at low temperature. At 77 K in deoxygenated
methanol, complex1 displays an emission with one fine
structure (Figure 3); the energy difference between the two
peaks is 1492 cm-1. For a pure3MC emission no fine
structures are expected at low temperatures. For [Ru-
(phen)3]2+, where the emission is undoubtedly3MLCT in
nature, two fine structures are observed at 77 K in 4:1 (v/v)
ethanol-methanol medium with the energy difference be-
tween two consecutive peaks of 1290-1360 cm-1.23 The
observation of the fine structure in the emission of1 at 77
K indicates that the3MLCT and 3MC states are in thermal
equilibrium in 1; while at room temperature the3MC state
is predominantly populated, at low temperature3MLCT is
populated. The presence of thermally equilibrated3MLCT
and3MC states has been earlier observed24 in the emission
of [Ru(2,2′-bipyridine)2(4,5-diaza-fluorene)]2+; 10Dq of 4,5-

diazafluorene with respect to Ni(II) is 10250 cm-1 whereas
that of 2,2′-bipyridine is 12650 cm-1.

One of our observations in the room-temperature emission
behavior of1 is that the emission maximum shifts from 580
to 593 nm (by 378 cm-1) in going from acetonitrile to
dichloromethane. Such a small shift probably corresponds
to a predominantly3MC emission. A pure3MC emission is
thought to be relatively matrix independent in contrast with
a pure3MLCT one.25 However, this aspect has not been
investigated properly in the past possibly because, as pointed
out above, Ru(II) complexes that can display3MC emission
are rare.
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Table 2. Some Photophysical Properties of1 in Some Solvents at
Room Temperaturea

complex solvent λabs λem 104Φ 109τm 104τr

1 CH3CN 444 593 27 332 1.22
CH3OH 445 590 20 281 1.44
CH2Cl2 450 580 15 <200

[Ru(phen)3]2+ CH3CN 442 604 280 460 0.16
C2H5OH 190 290 0.15

a Excitation wavelength, 450 nm; absorbance of the solutions at 450 nm,
0.3-0.5; λabs, maxima of the absorption around 450 nm (in nm);λem,
emission maxima (in nm); theτ values are given in s. The data for
[Ru(phen)3]2+ are taken from ref 1.

Figure 3. Emission spectrum of1 in deoxygenated methanol at 77 K.
Excitation wavelength: 450 nm. Absorbance of the solution at 450 nm at
room temperature: 0.42.
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