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fac-Tris(2-phenyl pyridine)iridium, Ir(ppy)3, has attracted much
attention lately in connection with its application in Organic Light
Emitting Diode (OLED).1 The luminescence from Ir(ppy)3 exhibits
a peak at∼530 nm with a shoulder at a longer wavelength.2-5 This
green luminescence has been attributed to the decay of the metal-
to-ligand charge-transfer singlet state,1(MLCT), which relaxes to
a lower energy triplet state via1(MLCT) f 3(MLCT) intersystem
crossing (enhanced by the spin-orbit coupling). The triplet then
returns to the ground state radiatively. Despite the interest, the origin
of the luminescence is still not fully understood.2-9 A recent
calculation shows that there is one lowest triplet (2.59 eV) and
two slightly higher excited triplets that are very close in energy
(2.60 eV).9 The decay of the luminescence varies greatly depending
on the molecular environment.2-8 It has been reported that
luminescence from a neat Ir(ppy)3 film decays fast (nanosecond to
10 ns) due to “self-quenching” (triplet-triplet interaction resulting
in a molecule in a higher excited state, which decays nonradiatively
and another in the ground state),2,3 while decays in solution can be
as long as microseconds.4-8

In this communication, we report a study of the luminescence
from Ir(ppy)3 using a synchrotron technique called X-ray excited
optical luminescence (XEOL)10,11and time-resolved X-ray excited
optical luminescence (TRXEOL).12 XEOL with excitation energy
tuned across an absorption edge (element specific) can also be
chemical and excitation-channel specific.10-14 The optical yield,
in turn, has been used to monitor the absorption; this technique is
sometimes called optical XAFS (X-ray absorption fine structures).
Although the mechanism for XEOL is complex for it involves the
decay of super-excited states, it is generally realized that a radiative
de-excitation channel results from the effective coupling of the
super-excited state with the chromophore, producing electron-hole
(e-h) pairs (e in the LUMO, h in the HOMO) that recombine
radiatively. XEOL from organic light emitting materials has been
investigated in a number of studies.10-15

The third generation synchrotron provides a desirable time
structure for timing studies. The light pulses have subnanosecond
duration and hundreds of nanosecond repetition rate. In this work,
we measured the decay of the luminescence from Ir(ppy)3 excited
by X-ray pulses and the time-gated XEOL (counting photons
coming through a selected time window) from a neat Ir(ppy)3 film.
The result provides new insight into the origin of the luminescence.

fac-Ir(ppy)3 was obtained commercially (Alfa Aesar, product
number 44282), and the specimens were prepared as a neat Ir(ppy)3

film on a Si(100) substrate by spin coating. The luminescence was
recorded with a JY-100 monochromator and a Hamamatsu photo-
multiplier tube (PMT), which has a∼2 ns response.13 The

measurements were made on the SGM beamline at the Canadian
Light Source using a single electron bunch (60 ps pulse; 570 ns
repetition; 10-15 mA current).16 Briefly, the PMT signal is used
as the start and the synchrotron pulse as the stop. The start is fed
to a discriminator and an amplifier. The output signal together with
the synchrotron pulse was fed to a TAC (time to amplitude
converter). The TAC output with a suitable delay is stored in a
MCA (multichannel analyzer). In the time-gated mode, a time
window was selected (e.g., 0-10 ns for fast decay and 10-550 ns
for slow decay).12,17

Figure 1a,b shows the XANES (X-ray Absorption Near Edge
Structures) of Ir(ppy)3 at the C and NK-edge recorded in TEY
(total electron yield) and PLY (luminescence, zero order). The
XANES (TEY) exhibits 1s toπ* transitions at∼285 and 286.5 eV
from nonequivalent carbons and features at higher energies from
1s to σ* transitions. The NK-edge (TEY) shows a singleπ*
followed by 1s toσ* transitions. These observations are consistent
with the XANES pattern of systems containing N.13-15

Figure 2 displays the luminescence from Ir(ppy)3 excited at 278
eV (top panel), showing a peak at 534 nm and a shoulder at 580
nm as well as a less discernible one at 630 nm, in good agreement
with previous findings.2-8 The spectral feature changes little as the
excitation energy is tuned from below the CK-edge to above the
N K-edge, but the intensity (PLY) changes dramatically. Of
particular interest is the abrupt decrease of the PLY at theπ* and
resonance above the edge, resulting in an inverted XANES (PLY),
as seen in Figure 1. PLY inversion occurs when the e-h pair
production becomes less efficient across the absorption edge. This
can be attributed to a less effective coupling of the excited state
(by excitation above the edge) to the luminescence chromophore
(triplet) than by excitation below the edge. In X-ray absorption, all
the levels (core and valence) accessible by the X-ray will be excited.
Below the CK-edge, all the shallow levels of carbon, nitrogen,
and Ir are excited, producing e-h pairs. At the CK-edge π*
resonance, the 1s transition is turned on and the absorption cross-
section of C increases abruptly. Since all the elements and all
accessible levels are competing for the photons, a decrease in
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Figure 1. Graphs a and b show the C and NK-edge XANES, respectively,
in total electron yield (TEY) and photoluminescence yield (PLY).
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quantum yield of the radiative e-h pairs produced by the resonance
produces an inverted XANES in PLY. This behavior in PLY
ascribing to the decreasing effectiveness of e-h production across
the edge has been studied extensively.10-15

The luminescence in Figure 2 is also fitted with three Gaussians
at 2.34 (530 nm), 2.12 (585 nm), and 2.04 eV (608 nm), slightly
different from the apparent maximum at 534, 580, and 630 nm,
respectively, where decay measurements were performed as shown
in the bottom panel of Figure 2. The three-peak feature compares
favorably with the calculation of Hay,9 which shows several possible
triplet emission bands in this region (2.59-2.60 eV), and with the
three triplet sub-state analysis of Finkenzeller and Yersin6 and
Tsuboi et al.7,8 The latter results suggest that the two short
wavelength peaks have higher transition probabilities (partially
allowed) than the broad peak (nearly forbidden).

The decay curves (excited at 430 eV, log scale) in Figure 2 show
that there are multi-lifetimes. Besides the slow decay, which
dominates after the first 100+ ns, there are also some very fast
decay components of which the discussion is beyond the scope of
this report.18 The 534 nm emission decays distinctly faster than
the shoulder peaks. The 534 and 580 nm decay curves have been
analyzed with curve fitting.18 The 534 nm decay is best represented
by three lifetimes of 15.8, 59.8, and 538 ns. Similarly, the decay at
580 nm has lifetimes of 5.89, 27.0, and 801 ns. These values are
much faster than those (750 ns, 11µs, and 145µs) from solution
using a pulse N2 laser.6 These lifetimes must be used with caution
since the bands overlap. More importantly, these decays are strongly
affected by the chemical environment (e.g., solution and thin film
matrix) and temperature. Assuming no countervailing arguments,
the lifetimes reported here can be attributed to the decay of the
triplet sub-states to the ground state in a neat Ir(ppy)3 film at room
temperature.

The most interesting observation is displayed in Figure 3, where
we show the XEOL recorded with zero order light time-gated with
a fast (0-10 ns) and a slow (10-550 ns) time window. We see
from Figure 3 that the fast window XEOL shows a dominant
emission at 534 nm. This associates the 534 nm emission with a
fast decay channel, while the 580 nm shoulder is not. This is
confirmed in the slow window where the 580 nm peak is more

intense than in the ungated XEOL (Figure 2). The observation of
534 nm emission in the slow window indicates that it is not entirely
associated with the fast window.

The observations reported here clearly indicate that, with X-ray
excitation, the triplet states of interest in neat Ir(ppy)3 films can be
produced very fast via direct excitation and core-hole de-excitation
cascade. The time-gated XEOL technique can be used to uniquely
probe the optical properties of OLED materials, semiconductor
nanostructures, and light emitting soft matters. Experiments explor-
ing metal center excitation are underway.
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Figure 2. The luminescence spectrum of Ir(ppy)3 excited at 278 eV (top)
and decay curves for the three emission bands excited at 430 eV (bottom).

Figure 3. Time-gated XEOL collected with a fast (0-10 ns) and a slow
(10-550 ns) time window excited with 430 eV photons.
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