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fac-Tris(2-phenyl pyridine)iridium, Ir(ppy) has attracted much Carbon K-edge Nitrogen K-edge
attention lately in connection with its application in Organic Light ~ _ ;4. R 1y
Emitting Diode (OLED)! The luminescence from Ir(ppygxhibits ® 4 TBY
a peak at~530 nm with a shoulder at a longer wavelengthThis g 0.4 - -
green luminescence has been attributed to the decay of the metal- » @ = 0o (b)
to-ligand charge-transfer singlet stat@VILCT), which relaxes to g . E '
a lower energy triplet state vigMLCT) — 3(MLCT) intersystem g ; M
crossing (enhanced by the spiarbit coupling). The triplet then PLY (zaro order) " W
returns to the ground state radiatively. Despite the interest, the origin 00550 250 s00 sfo %50 400 ato 430 430
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of the luminescence is still not fully understodd. 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

9 . . -
(2.60 eV)? The decay of the luminescence varies greatly depending measurements were made on the SGM beamline at the Canadian

i 8
lon _the molecfular enwrorllme?n.l ltd has bfeen reported tgat Light Source using a single electron bunch (60 ps pulse; 570 ns
uminescence from a neat Ir(ppy)im decays fast (nanosecond to repetition; 16-15 mA current)'é Briefly, the PMT signal is used

.10 ns) due to ‘_‘self-quenching" (tripleitriple_t Interaction result!ng as the start and the synchrotron pulse as the stop. The start is fed
ina moleculg in a higher excited stgte, which dgcays nonradlatlvely to a discriminator and an amplifier. The output signal together with
and another in the ground stafé)while decays in solution can be the synchrotron pulse was fed to a TAC (time to amplitude

as long as microseconds? converter). The TAC output with a suitable delay is stored in a

In this comm_unication, we report a s_tudy of the Iuminescgnce MCA (multichannel analyzer). In the time-gated mode, a time
from Ir(ppy)s using a synchrotron technique called X-ray excited | o 4 "\~ colected (e.9.-a0 ns for fast decay and G50 ns
optical luminescence (XEOLY1and time-resolved X-ray excited for slow decay)217

optical luminescence (TRXEOLY. XEOL with excitation energy Figure 1a,b shows the XANES (X-ray Absorption Near Edge

%tructures) of Ir(ppyy at the C and NK-edge recorded in TEY
. pon " ) .
chemical and excitation-channel specific:* The optical yield, (total electron yield) and PLY (luminescence, zero order). The

in turn, has been used to monitor the absorption; this technique isy A\ Eg (TEY) exhibits 1s tor* transitions at~285 and 286.5 eV
sometimes called optical XAFS (X-ray absorption fine structures). from nonequivalent carbons and features at higher energies from
Although the mechanism for XEOL is complex for it involves the 1s to o* transitions. The NK-edge (TEY) shows a single*

decay of super-excited states, it is generally realized that a radiativefou owed by 1s tas* transitions. These observations are consistent
de-excitation channel results from the effective coupling of the | & v\ ANES pattern of systems containingth5

super-exgited state with the chromophore, producing eleetnote' Figure 2 displays the luminescence from Ir(ppscited at 278
(e—.h).palrs (e in the LUMO’, h n the H,OMO) thgt recombine eV (top panel), showing a peak at 534 nm and a shoulder at 580
_radlatl_vely. X.EOL from organic Ilghtlgmlttlng materials has been nm as well as a less discernible one at 630 nm, in good agreement
investigated in a number of studiés: with previous findingg—8 The spectral feature changes little as the

The th:(rd Qef‘era"og_ syn_lt_::roltrc:]n prlowd(:]s a de:rable t'medexcitation energy is tuned from below thekCedge to above the
structure for timing studies. The light pulses have subnanosecondy K-edge, but the intensity (PLY) changes dramatically. Of

duration and hundreds of nanosecc_)nd repetition rate. In this work, particular interest is the abrupt decrease of the PLY atrthand

we measured the decay of the luminescence from Irmlted resonance above the edge, resulting in an inverted XANES (PLY),
by X-ray pulses and the t.lme-glated XEOL (counting .photons as seen in Figure 1. PLY inversion occurs when theh gair
coming through a select(_ed Flme_wmdow) f_ro_m aneat ”(_9"‘1‘)‘- production becomes less efficient across the absorption edge. This
The result provides new insight into the origin of the luminescence. can be attributed to a less effective coupling of the excited state

fac-ir(ppy)s was obtained (_:ommercially (AlfaAesar, product (by excitation above the edge) to the luminescence chromophore
numher 44282), and the specimens were prepared as a ne‘”"tdr(ppY)(tripIet) than by excitation below the edge. In X-ray absorption, all

film 03 %Slglhoo) ijti%t(;ate by SEm coating. 'cli'he|_lium|nescencehwas the levels (core and valence) accessible by the X-ray will be excited.
recorded with a Jy- monochromator and a Hamamatsu p Oto'Below the CK-edge, all the shallow levels of carbon, nitrogen,

multiplier tube (PMT), which has a~2 ns respons¥ The and Ir are excited, producing—é pairs. At the CK-edge z*
resonance, the 1s transition is turned on and the absorption cross-

Figure 1. Graphs a and b show the C and®edge XANES, respectively,
in total electron yield (TEY) and photoluminescence yield (PLY).

T University of Western Ontario. . . .
* Canadian Synchrotron Radiation Facility. section of C increases abrup_tly. Since all the elements and aI_I
8 Canadian Light Source. accessible levels are competing for the photons, a decrease in
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> "“W“"f‘f’*ﬁ“%;ﬁ{ﬂwﬂm ‘]'1 intense than in the ungated XEOL (Figure 2). The observation of
gu' 10 Mﬂ}‘ﬁlﬁwiﬁ " 534 nm i 534 nm emission in the slow window indicates that it is not entirely
g associated with the fast window.
E o1 0 200 400 600 The observations reported here clearly indicate that, with X-ray
Decay Time Channel (ns) excitation, the triplet states of interest in neat Ir(gdilins can be

Figure 2. The luminescence spectrum of Ir(ppgxcited at 278 eV (top) produced very fast via direct excitation and cehmle de-excitation

and decay curves for the three emission bands excited at 430 eV (bottom).cascade. The time-gated XEOL technique can be used to uniquely
probe the optical properties of OLED materials, semiconductor

quantum yield of the radiative-en pairs produced by the resonance nanostructures, and light emitting soft matters. Experiments explor-

produces an inverted XANES in PLY. This behavior in PLY ing metal center excitation are underway.

ascribing to the decreasing effectiveness-ehgroduction across .
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The most interesting observation is displayed in Figure 3, where Note that we aée trigg_ering on the ris:]ng _edglle %fthe PMT _pulﬁe; :1heId
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from '_:Igure 3 that the _faSt wm_dow XEOL shows a d_omlna_lnt yield the best fit with the data set of #550 ns { = 0 being the rising
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fast decay channel, while the 580 nm shoulder is not. This is the extraction of any meaningful timing parameter less than 10 ns.
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