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Dye-Sensitized Solar Cells Based on Near-Infrared Dyes with Pyridinum Rings
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Abstract

Dye-sensitized solar cells (DSSCs) based on dye sensitizers adsorbed on nanocrystalline TiO,
electrode have received considerable attention because of high incident solar light-to-electricity
conversion efficiency and low cost of production. To improve the performances of DSSCs further,
it would be very useful to develop effective new near-infrared (NIR) sensitizers for use in DSSCs,
because red/NIR radiation (600-1000 nm) accounts for about 25 % of the solar energy arriving on
the Earth's surface [visible radiation (350-700 nm) accounts for about 45 % of solar energy]. In the
present study, as new-type NIR dye sensitizers, a novel pyridinum dye with pyridinium ring as an
electron-accepting group has been designed and synthesized, and their photovoltaic performances
of dye-sensitized solar cells are investigated. NIR dye sensitizers providing good absorption in the
red/NIR region of the solar spectrum are regarded as one of the most promising classes of organic
sensitizers for the prevention of global warming.
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Scheme 1. Synthesis of OH11, OH12, and OH13.
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Figure 1. Absorption (—) and fluorescence (‘) spectra of
OH11, OH12, and OH13 in THF.
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Figure 2. Absorption spectra of OH11, OH12, and OH13
adsorbed on TiO, film.
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Table 1. Spectroscopic properties of OH11, OH12, and
OH13 in THF

Dye Ko 25/nmM Aa/nm @ SS®/nm
(Emax/dm*mol lem™)

OH11 349 (31000) 533 0.86 121
412 (26600)

OHI2 368 (43000) - - -
560 (12200)

OH13 351 (36000) 559 034 134

425 (23700)

[a] The & values were determined by using a calibrated
integrating sphere system (A, = 325 nm). [b] Stokes shift value.
Table 2. Electrochemical properties of OH11, OH12, and
OH13 and their energy levels of HOMO and LUMO

Dye  E V¥ E V"  HOMONY  LUMONV
OHI1  0.40 0.35 0.96 -1.62
OHI2  0.40 - 0.96 -0.51
OHI3 035 0.25 0.91 -1.62

[a], [b] Ey. and Ej, are the anodic and cathodic peak potentials
vs. Ag/Ag" in acetonitrile. [c] vs. a normal hydrogen electrode

(NHE).
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Figure 3. IPCE spectra of DSSCs based on OH11, OH12,
and OH13.
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Figure 4. Photocurrent-voltage curves of DSSCs based
on OH11, OH12, and OH13.

Table 3. Photovoltaic performances of DSSCs based on
OHI11, OH12, and OH13

Dye Jo/mAcm?  Vo/mV  ff 1%
OH11 433 525 0.58 1.33
OHI12 1.74 444 0.66 0.51
OH13  0.62 392 0.62 0.15
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