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Summary

In this thesis, phosphorescence quenching mesimgnof neutral and cationic iridium(lll)
complexes by molecular oxygen are investigated, #red formation efficiency and the
relaxation properties of singlet oxygen producedpbgsphorescence quenching of transition
metal complexes are revealed.

In Chapter 1, the electronic states of iridium(Bmplexes and their application fields, and
the formation and characteristic of singlet oxyges outlined, together with the purpose of this
study. Because iridium(lll) complexes have excélf@moperties such as high emission quantum
yield, the absorption in the visible region, tureabmission color (blue to near-infrared), and the
high oxygen sensitivity, they have received extemsittention as emitting material for organic
light-emitting diodes (OLEDSs), photoredox catalyad biological oxygen probe. To rationally
develop novel iridium(lll) complexes which can bsed for various applications as described
above, it is of essential importance to clarify fifeosphorescence quenching mechanisms by
molecular oxygen and electron transfer reactivitédridium(lll) complexes in the excited
states.

In Chapter 2, the phosphorescence quenching ofatetd cationic iridium(lll) complexes
by molecular oxygen and aromatic electron accep{ddsAs; 1,4-dinitrobenzene (DNB),
nitrobenzene (NB), and 1,4-dicyanobenzen (DCB)) wasgestigated in CECN. The
phosphorescence quenching rate constghby AEAs increased with decreasing Gibbs energy
change AG) of electron transfer and gave a limiting diffusicontrolled rate constankgj of
2.0 x 18° M’s™.. The products of photoinduced electron-transfactiens were confirmed by
taking the transient absorption measurements, @withdhe separated ion yields were as low as
0.10-0.17. The relatively-small separation yieldsrevattributed to efficient recombination
reaction in the radical ion pair, which might origie from heavy-atom effects of the central
Ir(Ill) ion. It was revealed that two competing pagys (noncharge-transfer (nCT) and
charge-transfer (CT) channels) are involved inghesphorescence quenching of iridium(lil)
complexes by molecular oxygen. For the Ir(lll) cdexpO, systems witlAG, 2 —0.2 eV, the
kq values were less than (19)ks = 4.1 x 18° M~'s™ for Ir(lll) complex/O; system) and the
fractions ,) leading to formation ofO, in the oxygen quenchingpproached unity (0.82-0.97).
These results demonstrate that the nCT channe&laghrthe singlet encounter complex are the

main deactivation route. The systems wiiBg < —0.2 eV gave a similaAG, dependence of



logky as the Ir(lll) complex/AEA systems, suggesting theolvement of electron transfer.
However, the transient signal due to the iridiufi(dation radical was not observed, which
suggests that the phosphorescence quenching afniiidl) complexes by molecular oxygen
proceeds through a CT interaction. For the syswitisAG, < —0.8 eV, the limitingk, value
was over (4/%qand the £ values were larger than 0.25 & 0.40). These results suggested the
involvement of'O, formation through intersystem crossing betweeglsintriplet, and quintet
CT complexes.

As described in Chapter 2, singlet oxyge®,] is produced in the phosphorescence
quenching of the excited triplet iridium(lll) conges by molecular oxygen. It is one of the
reactive oxygen species and plays an importantirolearious photochemical and biological
processes. Therefore, it is important to clarifg fshotophysical properties 00, produced
under the presence of transition metal complexes.

In Chapter 3, a new integrating sphere instrumesst developed for the measurements of
absolute emission quantum yield from the visiblenéar-infrared regionA(= 350-1650 nm).
This system is equipped with two spectrally calibdaphotonic multichannel analyzers using a
back-thinned charge-coupled device (BT-CCD) andalf& detectors. Using this instrument
and platinum(ll) meso-tetra(pentafluorophenyl)pangh (PtTFPP) as a photosensitizer, the
absolute quantum yield#(;* ) of the dAq (V' = 0)— X°%; (v” = 0) emission at 1270 nm from
singlet molecular oxygen in various solvents wasisneed. The quantum yieId@;A in CCly
and C$ under infinite dilution of PtTFPP were determinedbe 2.2 x 17 and 6.4 x 1T,
respectively. In addition, the relative quantumldsein the other solvents were determined
using the q:;A value in CCJ. From the tD;A values and lifetimes ofO,, the radiative and
nonradiative rate constants D, (kr1A and k®, respectively) were evaluated. The obtained

nr

q:;A and k' values were compared with the literature valugsrdgned based on the relative

method.

In Chapter 4, the results obtained in this staidlysummarized.



