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Honda-Fujishima Effect
A. Fujishima and K. Honda, Nature, 238, 37 (1972).
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4. Gas burette
B. O'Regan and M. Graetzel, Nature, 353, 737 (1991).
Solar light
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Photo- electrochemlcal Cell (1971)

‘Graetzel Cell” ®
Solar Cell for Practical Usgg

%k Courtesy of Prof. Akira Fujishima
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Dye-adsorbed /
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vol.23. p.363 1, Tio2 P*\ Dye TIO2 Dye Pt

Courtesy of Prof. Akira Fujishima
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Dye-sensitized Solar Cell DSSC Module made by SONY, 2010
(DSSC)

B. O’'Regan and M. Graetzel, Nature, 353, 737 (1991). #E=N '
} !
“Graetzel Cell”

Solar Cell for Practical Use
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Near-IR Sensitive Dye : Spin Management

NATURE PHOTONICS | LETTER

Vol. 7 (No. 7), July 2013, pp. 501-576

Wideband dye-sensitized solar cells employing a
phosphine-coordinated ruthenium sensitizer

Takumi Kinoshita, Joanne Ting Dy, Satoshi Uchida, Takaya Kubo and Hiroshi Segawa

Abstract w
Low-cost renewable energies are necessary for the realization na re '
of a low-carbon society. Organic photovoltaics such as organic p
thin-film solar cells? and dye-sensitized solar cells (DSSCs)3* p OtO I CS
are promising candidates for realizing low-cost solar cells.

However, device efficiencies are still considerably lower than EEEERERVUNICATIONS
those of traditional inorganic solar cells. To improve organic
photovoltaic performance, approaches are needed to extend _ e ovsrl i
the absorption of organic compounds to longer wavelengths. SRR B m sl
Here, we report efficient DSSCs that exploit near-infrared, spin- .
forbidden singlet-to-triplet direct transitions in a phosphine-
coordinated Ru(ll) sensitizer, DX1. A DSSC using DX1 generated
a photocurrent density of 26.8 mA cm=2, the highest value for
an organic photovoltaic reported to date. A tandem-type DSSC
employing both DX1 and the traditional sensitizer N719 is

shown to have a power conversion efficiency of >12% under " " b N
35.5 mW cm2 simulated sunlight. . New serfitizer boosts

*

or'ganic-so!aggells ' 5
: e

= 2 Reprinted by permission from Macmillan
%k Reprinted by permission from Macmillan Publishers Ltd: Publishers Ltd: Nature Photonics, vol.7
Nature Photonics, vol.7 (no.7), July 2013 (No.7), 535-539, p.536 Fig.1a [above];

http://www.nature.com/nphoton/journal/v7/n7/index.html

p.537 Fig.2d [below], copyright 2013.



Near-IR Sensitive Dye : Spin Management

* Reprinted by permission from Macmillan Publishers Ltd: Nature

Spln_forbldden trans'ton |ntenS|ty f:s;(:ir;ﬁ:f,z\goll;(NoJ), 535-539, supplementary information, p.3,
________ ;\......___..... 2 J LUMO , LUMO
<Ws | Hso |l//T> y
£ AT f ’
T 2 S
(ET —_ ES ) HOMO J HOMO
Table $1. Molecular orbitals with dominant character (%) for DX1 and BD 'S
_ DX1

orbital Ru (%) Cl (%) tcterpy () Phosphine (h)

HOMO 63 Edyzi 1 zdxzi oy 4 0 HOMO-1 HOMO-1
H'1 54 (dxz) 40 2 3 2
H-2 66 (d,,) 1 4 *3%

BD

orbital Ru (h) NCS (W) toterpy () wowoo )

HOMO 26 (d,) b1 12
H-1 21(d,) 69 4
H-2 19(d,) 69 11

DX1E BDE
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sk Reprinted by permission from

a S Macmillan Publishers Ltd: Nature
1 AN L _________ Photonics, vol.7 (no.7), 535-539,
_ e/ Inter-system - p.537 Fig.2a, copyright 2013
Singlet- T, crossing 1 R
Singlet | —W—— " @ ----%------------ .
Transition Spin exchange A Singlet-
energy W o Trlp_lf:-t
So Ry S, N ransition
WL
Optical Density / a.u.
25 —P Y 2.5
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D o=
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(1) NIR-dye-sensitized Solar Cell
Tandem DSSCs using Dye-X (DX1)

c 14

; — Bottom cell (DX1)
| — Top cell (N719)
-~ — Tandem cell

']2 ——

5

=

transparent
Pt electrode

topcell _ _qm
(N719) &

Current density (mA cm~
o
|

) - Top 0.79 121 0.70 6.7
bottom cell Bottom 0.60 122 0.64 4.7
(DX) (Tandem 140 122 0.67 1.4

0.0 01 02 0304 0506 0.7 0809 1O 11 1.2 13 14 1.5

% Reprinted by permission from Macmillan
v 0 |tage (V) Publishers Ltd: Nature Photonics, vol.7 (no.7),

535-539, p.538 Fig.3c, copyright 2013
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Hatsune Miku by Crypton Future Media
CCBY-NC3.0

Hatsune Miku is a singing
synthesizer application
with a humanoid persona,
developed by Crypton
Future Media.
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