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In broad photo-energy conversion systems including pho-
tovoltaics, photocatalysis, and photosynthesis, lower en-
ergy photons than the threshold of each material have been
wasted. This point has posed fundamental limitations to
their conversion efficiencies. Photon upconversion (UC)
can convert such presently-wasted sub-bandgap photons
to usable higher energy photons. Recently, the method
of UC based on triplet-triplet annihilation (TTA-UC) has
drawn much attention because TTA-UC is applicable even
to natural sunlight. In this article, the sample development,
advantages, and photophysical properties of TTA-UC in
ionic liquids carried out and elucidated by us are to be pre-
sented.

Keywords: photon upconversion, triplet state, ionic lig-
uids, photophysics
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Higher ~<«———— Photon’s energy —— Lower
Shorter <+———— Wavelength ——— Longer
Figure 1. Schematic description of the rela-
tionship between the energy of photons and their

wavelength or color on the light spectrum.
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Figure 2. Schematic descriptions of the exis-
tence of a threshold energy (Ey,) in semiconduc-

tors (left) and molecular materials (right).
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Viewpoint of energy:

Viewpoint of wavelength:
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Figure 3. Schematic illustrations of the process of photon upconversion (UC) from the viewpoints

of energy (left) and wavelength (right).

Singlet state:
H, Z-axis
l[ S, (ground)
S, (excited)
|

Triplet state:

T, (excited)

Figure 4. Spin representations of the singlet state (left) and triplet state (right).
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Sensitizers: Emitters:
Examples: O dPh"TBP Examples:
~
a8 ofo
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. Emitter Emitter
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1 Ly - . . —— 1
A "+, Spin flip P (3) TET spinflip,.~ 4
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‘ TET = Triplet Energy Transfer ‘ ‘ TTA = Triplet-Trip

Figure 5. Top: Some examples of the sensitizer and emitter molecules. In all the results in this report,
PdPh, TBP and perylene were used. Bottom: Qualitative energy diagram of the TTA-UC. See the main

text for the explanation.
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NOT an “ionic solution” below

e

an ionic liguid (IL)

Typical looking of an IL:
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Figure 6. Schematic description of ionic liquids, shown with a typical photograph and some examples

of the cations and anions used to form an ionic liquid.
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Figure 7. A typical photoemission spectrum obtained from the developed ionic-liquid-based sample

upon excitation of 633 nm light (left) and the photograph of a typical sample (right). This photograph

was taken approximately 6 years after this sample was made and sealed in a glass tube, demonstrating

the long-term stability of our sample.
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Figure 8. Discovered viscosity dependences
of (a) the upconversion photoemission intensity
and (b) the triplet lifetime of the emitter pery-
lene.
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Figure 9. Schematic of a spin-lattice coupling
between the triplet spin moment on a solute
molecule and the thermal motion of solvent
molecules, which are the cations and anions of
an ionic liquid in this case.
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Figure 10. Description of the branching to different spin multiplicities (j = 1, 3, and 5) after the

formation of an encounter complex pair by two triplet molecules in a solvent cage.
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E & B B

Nk B—: 1998 FE R TR TAAER A3, 2001 4E 5
BTERFR B TP RHME L ERARE T, 2001 45—
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