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A new 9-diphenylphosphinophenanthrene ligand (9DPP, 1), its
oxide (9DPPO, 2), and its gold complex [(AuCl(9DPP)] (3) were
synthesized. The Au(I) complex 3 was found to exhibit intense
blue-green, room-temperature phosphorescence (Φp ) 0.06 and
τT ) 22.7 µs) originating in the locally excited triplet of the
phenanthrene moiety (3LE) in degassed 2-methyltetrahydrofuran
solution. On the assumption that ΦST ) 1.0 for 3, the radiative
rate constant (kr ) in the triplet state is calculated to be 2.6 × 103

s-1. This value is 4 orders of magnitude larger than the radiative
rate constant of the triplet phenanthrene (0.26 s-1). Thus, the
coordinated Au(I) atom is concluded to have a markedly large
heavy-atom effect on kr of the phenanthrene chromophore in 3.

In recent years, phosphorescent heavy metal complexes
have attracted considerable interest1 partly because of their
importance as efficient luminescent dopants in organic light-
emitting diodes (OLEDs).2 These complexes exhibit strong
room-temperature phosphorescence, mostly originating in
terms of the3MLCT (metal to ligand charge-transfer) excited
state, which is located in energy below the locally excited
triplet state of the organic ligand,3LE.

A limited number of examples which emit visual phos-
phorescence from3LE at room-temperature include metal
complexes3a with a heavy metal such as Pd, Pt, or Rh, in
which the metal acts as a heavy atom perturber. In general,
phosphorescence of polyaromatics including free porphyrins
is usually not observed at room temperature because of the
fact that the nonradiative rate constant,knr ()102-103 s-1),
of the aromatics is much larger than the radiative rate
constant,kr ()10-1-10-2 s-1), of the T1 state.4 With the use
of the triplet yield, ΦST, and the lifetime,τT ()kT

-1 )
1/(kr + knr)), the phosphorescence yieldΦP, is expressed as

Equation 1 implies that a largekr value is favorable for the
observation of visual room-temperature phosphorescence.
The increase inkr in the T1 state of the aromatics can be
attained by either external5 and/or internal3,4 heavy atom
effects. Although enhanced spin-orbit coupling by heavy
atom effects affords an increase in not onlykr andΦST, but
alsoknr, the increase inkr andΦST is essentially important
for observation of room-temperature phosphorescence from
the aromatics. This paper reports on room-temperature
phosphorescence from an aromatic ligand observed with
gold(I) complex, in which the heavy atom, Au(I), is
coordinated to a phosphorus atom in a newly synthesized
diphenylphosphino-phenanthrene6 ligand.

The syntheses of the ligand and the related compounds
are as follows. Lithiation of 9-bromophenanthrene with
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n-BuLi in THF took place smoothly and was followed by
addition of an equimolar amount of PClPh2. After chromato-
graphic purification, the desired ligand (9DPP,1) was
obtained as a white powder. Compound1 is fairly stable in
CHCl3 and does not react with oxygen in the dark. However,
upon illumination with UV light,1 is readily converted to
its oxide (9DPPO,2). An authentic sample of2 was prepared
by oxidation of1 with hydrogen peroxide.6a

The Au complex (3) was prepared by the reaction of AuCl-
(Me2S)7 with a stoichiometric amount of1 in dichloro-
methane to give a white powder in high yield. Analytically
pure compounds (1-3) have been characterized by1H NMR,
31P NMR, and MS spectroscopy.

The structures of2 and 3 determined by X-ray crystal-
lography are shown in Figure 1.8 The two structures including
the geometry near the P atom are very similar. The bond
lengths of Au-P and Au-Cl are 2.236(1) and 2.302(1) Å,
respectively. These values are identical with those of the
structural analogue, [AuCl(PR3)] (R ) Ph,9a Me,9b iPr9b).

Absorption spectra of1-3 in CH2Cl2 are shown in Figure
2. In comparison with the absorption spectrum of phenan-
threne (PT), the phosphorus substitution in1-3 commonly

induces a red shift of the absorption bands of the phenan-
threne chromophore. Because of the absence of lone pair
electrons at the phosphorus atom, the absorption spectra of
2 and 3 are very similar. The molecular absorption coef-
ficients (ε’s) for the first absorption bands of2 and3 (320-
360 nm) are ca. 2 times that of PT.

Figure 3 shows emission spectra of1-3 observed in
degassed 2-methyltetrahydrofuran (2-MeTHF) (1-3, at 297
K; 2, at 77 K). Fluorescence of1 at 297 K shows a weak
and broad band centered at ca. 550 nm, and the Stokes’ shift
is as large as ca. 14000 cm-1 (A in Figure 3). This featureless
fluorescence is tentatively assigned to the ICT (intramolecular
charge-transfer) fluorescence from the diphenylphosphino
group to the PT moiety on the basis of the marked red-shift
in polar solvents.10,11 In sharp contrast to1, 2 and3 do not
display the ICT fluorescence.

The fluorescence spectrum of2 observed at 298 K (B in
Figure 3) is almost identical with that of PT suggesting that
a strong emission band in the region of 360-410 nm is
attributed to fluorescence from the locally excited singlet
state of the PT moiety in2, 1LE. The fluorescence quantum
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Figure 1. The structures of1, 2, and3.

Figure 2. Absorption spectra of phenanthrene (- - -),1 (red),2 (yellow),
and3 (blue) in CH2Cl2.

Figure 3. Emission spectra A-D in degassed 2-MeTHF (λexc ) 300 nm).
The inset shows the decay profile of emission observed for3 after 266 nm
laser pulse at 297 K. The initial spike observed immediately after the pulse
is due to fluorescence. The picture displays luminescence of degassed
2-MeTHF solutions of B and C at 297 K.
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yield of 2 (ΦF ) 0.1712 in 2-MeTHF) at 297 K is higher
than that of PT (ΦF ) 0.0612 in 2-MeTHF). At 77 K, the
phosphorescence spectrum with peaks at 470, 502, and 540
nm is observed for2 (D in Figure 3), and the phosphores-
cence lifetime is determined to be ca. 5 s. The phosphores-
cence spectrum is very similar to that of PT, indicating that
phosphorescence originates in the locally excited triplet of
the PT moiety in2, 3LE.

The Au complex (3) in degassed 2-MeTHF demonstrates
blue-green emission at ca. 500 nm at 297 K (C in Figure 3).
This emission is attributed to room-temperature phos-
phorescence from phenanthrene chromophore (3LE) of 3 on
the basis of the following observations: (1) the lifetime of
the emission is as long as 22.7µs, and (2) the emission
spectrum with the vibronic structure (intervals are ca. (1.3-
1.4) × 103 cm-1) agrees well with that of the phosphores-
cence spectrum of PT at 77 K. It is noteworthy that
fluorescence from the phenanthrene chromophore in3 is very
weak.

As mentioned above, room-temperature phosphorescence
of the Au(I) complex (3) in 2-MeTHF occurs from the
phenenthrene chromophore. Presumably, the MLCT state of
the Au complex (3) is located higher in terms of energy than
the 3LE state. It is suggested that the strong spin-orbit
coupling caused by the Au atom (Z ) 79)13 in 3 leads to (1)
an efficient intersystem crossing from the singlet to the triplet
excited state, and (2) the largekr value of the phenanthrene

chromophore at T1 due to partial removal of the spin-
forbidden nature of the T1-S0 radiative transition.

From eq 1, the radiative rate constant,kr, at T1 is
formulated as

The Au(I) complex (3) affordsΦp ) 0.0612 andτT ) 22.7
µs at 298 K. On the assumption thatΦST ) 1.0 for 3, kr is
calculated to be 2.6× 103 s-1. This value is 4 orders of
magnitude larger than the radiative rate constant of the triplet
phenanthrene (0.26 s-1).14aThus, the coordinated Au(I) atom
is found to give a markedly large heavy atom effect onkr of
the phenanthrene chromophore in3, and the use of Au(I)
atom is more effective in increasingkr than halogen substit-
uents which are expected to have a significant heavy atom
effect (kr values of 9-bromo- and 9-iodophenanthrene are
92.6 and 578 s-1, respectively).14b

The present results are summarized as follows: (1)
molecule1 gives ICT fluorescence, (2) molecule2 exhibits
fluorescence much stronger than PT, and (3) molecule3
emits blue-green room-temperature phosphorescence due to
the effects of Au(I) atom.

The detailed photophysical studies of these compounds
as well as the synthesis of related heavy atom metal
complexes are in progress.

Supporting Information Available: Synthetic procedures,
characterization data, X-ray crystallographic data (PDF and CIF).
This material is available free of charge via the Internet at
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