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A new 9-diphenylphosphinophenanthrene ligand (9DPP, 1), its A limited number of examples which emit visual phos-
oxide (9DPPO, 2), and its gold complex [(AuCI(9DPP)] (3) were phorescence fromMLE at room-temperature include metal
synthesized. The Au(l) complex 3 was found to exhibit intense complexe® with a heavy metal such as Pd, Pt, or Rh, in
blue-green, room-temperature phosphorescence (®, = 0.06 and 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 constag,(=107—10° s7%),

. . ) 3 of the aromatics is much larger than the radiative rate
rate copstant (kr.) in the triplet state. is calculated to be 2.6 >< }O constantk (=10-1—10-2s°%), of the T, state? With the use

s™L, This value is 4 orQers of magnitude larger than the radiative of the triplet yield, ®sr, and the lifetime,rr (=ki ! =

rate constant of the triplet phenanthrene (0.26 s). Thus, the 1/(k + ku)), the phosphorescence yieleh, is expressed as
coordinated Au(l) atom is concluded to have a markedly large

heavy-atom effect on k; of the phenanthrene chromophore in 3. Dp = Pgky 1)

Tr = 22.7 us) originating in the locally excited triplet of the
phenanthrene moiety (3LE) in degassed 2-methyltetrahydrofuran
solution. On the assumption that ®sr = 1.0 for 3, the radiative

Equation 1 implies that a larde value is favorable for the

In recent years, phosphorescent heavy metal complexespbservation of visual room-temperature phosphorescence.
have attracted considerable intetgsrtly because of their  The increase irk. in the T; state of the aromatics can be
importance as efficient luminescent dopants in organic light- attained by either exterrfalind/or internd#* heavy atom
emitting diodes (OLEDs).These complexes exhibit strong  effects. Although enhanced spiprbit coupling by heavy
room-temperature phosphorescence, mostly originating inatom effects affords an increase in not oklyand ®sr, but
terms of theMLCT (metal to ligand charge-transfer) excited a|sok,,, the increase ik, and ®sr is essentially important
state, which is located in energy below the locally excited for observation of room-temperature phosphorescence from
triplet state of the organic ligandlE. the aromatics. This paper reports on room-temperature

*To whom correspondence should be addressed. E-mail: osawa@ phosphorescence _from f'in aromatic ligand observed W'th
postmsn.riken.jp. gold(l) complex, in which the heavy atom, Au(l), is

TRIKEN. coordinated to a phosphorus atom in a newly synthesized
* Tokyo Institute of Technology. . . .
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Figure 1. The structures of, 2, and3.
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n-BuLi in THF took place smoothly and was followed by
addition of an equimolar amount of PCIPfter chromato-
graphic purification, the desired ligand (9DPP), was
obtained as a white powder. Compouh fairly stable in — 12t 297K (X 2)
CHCIl; and does not react with oxygen in the dark. However, f \\-i: 's’:: gg;?
upon illumination with UV light,1 is readily converted to e Dz 2t 77K

its oxide (9DPPO2). An authentic sample & was prepared T
by oxidation of1 with hydrogen peroxidé? 00 &0 70 800 900

The Au complex 8) was prepared by the reaction of AuCl- Wavelength / nm
(Me;SY with a stoichiometric amount of in dichloro-
methane to give a white powder in high yield. Analytically
pure compoundsl-3) have been characterized By NMR,
3P NMR, and MS spectroscopy. Figure 3. Emission spectra AD in degassed 2-MeTHFl{= 300 nm).

The structures o2 and 3 determined by X-ray crystal-  The inset shows the decay profile of emission observe@ ffter 266 nm
lography are shown i Figure?IThe two structures including 1255 U1 st 27 . The it s obsenved inmecatl sferthe puise
the geometry near the P atom are very similar. The bond 2-meTHF solutions of B and C at 297 K.
lengths of Au-P and Au-Cl are 2.236(1) and 2.302(1) A,
respectively. These values are identical with those of the induces a red shift of the absorption bands of the phenan-
structural analogue, [AUCI(PR (R = Ph Me 2 Pb). threne chromophore. Because of the absence of lone pair

Absorption spectra af—3 in CH,Cl; are shown in Figure  electrons at the phosphorus atom, the absorption spectra of
2. In comparison with the absorption spectrum of phenan- 2 and 3 are very similar. The molecular absorption coef-
threne (PT), the phosphorus substitutiorLin3 commonly ficients ('s) for the first absorption bands @fand3 (320—

360 nm) are ca. 2 times that of PT.
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yield of 2 (®r = 0.172 in 2-MeTHF) at 297 K is higher
than that of PT @ = 0.06"? in 2-MeTHF). At 77 K, the
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chromophore at T due to partial removal of the spin-
forbidden nature of the i S, radiative transition.

phosphorescence spectrum with peaks at 470, 502, and 540 From eq 1, the radiative rate constamt, at T; is

nm is observed foR (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, SLE.

The Au complex 8) 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 chromophtu€)(of 3 on
the basis of the following observations: (1) the lifetime of
the emission is as long as 22u8, and (2) the emission
spectrum with the vibronic structure (intervals are ca.{1.3
1.4) x 10° cm™?) agrees well with that of the phosphores-
cence spectrum of PT at 77 K. It is noteworthy that
fluorescence from the phenanthrene chromophoBasrvery
weak.

As mentioned above, room-temperature phosphorescenc
of the Au(l) complex B) in 2-MeTHF occurs from the

phenenthrene chromophore. Presumably, the MLCT state of

the Au complex ) is located higher in terms of energy than
the SLE state. It is suggested that the strong spirbit
coupling caused by the Au atord & 79)2in 3 leads to (1)

an efficient intersystem crossing from the singlet to the triplet
excited state, and (2) the largevalue of the phenanthrene

e

formulated as
k, = ®(1;Pgy) 2)

The Au(l) complex B) affords ®, = 0.06> andtr = 22.7
us at 298 K. On the assumption thétr = 1.0 for 3, k; is
calculated to be 2.6< 10° s%. This value is 4 orders of
magnitude larger than the radiative rate constant of the triplet
phenanthrene (0.269.242Thus, the coordinated Au(l) atom
is found to give a markedly large heavy atom effeckoof
the phenanthrene chromophorednand the use of Au(l)
atom is more effective in increasitgthan halogen substit-
uents which are expected to have a significant heavy atom
effect  values of 9-bromo- and 9-iodophenanthrene are
92.6 and 578 &, respectively}*®

The present results are summarized as follows:
moleculel gives ICT fluorescence, (2) molecuteexhibits
fluorescence much stronger than PT, and (3) moleBule

1)

emits blue-green room-temperature phosphorescence due to
the effects of Au(l) 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
http://pubs.acs.org.
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