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Development of nonfullerene acceptors having high dielectric constants for
realization of innovative solar cell mechanism
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Organic solar cells (0SCs) are regarded as _the promising candidates for
next-generation solar cells. To improve the power conversion efficiency of 0SCs, it is essential to
reduce voltage losses. The critical problem of voltage loss is related to the large exciton binding
energy (low dielectric constant) of organic semiconducting materials. To solve this problem, we
focused on the development of organic semiconducting materials with high dielectric constants. In
particular, we focused on the development of nonfullerene acceptors with high dielectric constants.
As a result, we found that the exciton binding energy is affected by the molecular structures and
electronic structures. Furthermore, we found a correlation between the exciton binding energy and
the power conversion efficiency of 0SCs.
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Figure 1. Chemical structures.




(Figure 2)
BET2 BET3 = 2 (Jsc)
2 T

=
r
K"‘-
T

| _t—=——

_/

Current density / mA/cm?>
Loos

-3 , ,
-0.5 ) 0.5 1.0
Voltage / V

0sc Figure 2. J-V characteristics of

BET1-BET3 under the
combination with PCs1BM.

P3HT OosC P3HT

(FNT2)

SNTz ONTz

Sy Ay S,
(Figure 3) F N R-$ N R-0 N 1
(SNTz-RD ONTZ-RD) N%:?% ’ :{:?@ B %4
g’ . .

3.85 3.77 eV

FNTZ | SNTz ONTz |

5.73 eV ‘ ¥
JSL NN CeHys \

SNTzRD 321, ONTzRD  3.14 "‘C’"'}.{\_gf%:gi}_ﬂwo
(9 7N
\ N{s’\N SCeHys S N-.H,

P3HT Huce Y

548 nm SNTz-RD
564 nm
SNTz-RD  ONTz-RD P3HT
500-600 nm Se
0.44 042 ]
SNTz- K " ONTzRD )
RO ONTZRD 0OSC P3HT Figure 3. Chemical structures
PCE-GR 5 8% of SNTz-RD and ONTz-RD.
4.2%
o 2
PCE-GR g
P3HT:SNTz-RD = 04
> -2
(Control) § 4.
e ) -
S 6]
SNTz-RD = SNTz-RD
S g ; :
PCs:BM P3HT:PC61BM 0 0.5 1.0
SNTz- Voltage / V

RD Figure 4. J-V characteristics of

SNTz-RD and ONTz-RD under
the combination with P3HT.



10 10 3 0

S. Moles Quintero, J. L. Zafra, K. Yamamoto, Y. Aso, Y. le, J. Casado

Oligoene and Cyanine Features of Tetracyano Quinoidal Oligothiophenes

2021

J. Mater. Chem. C

10727-10740

DOl
10.1039/D1TC01436F

S. Jinnai, A. Oi, T. Seo, T. Moriyama, R. Minami, S. Higashida, Y. le 53

Electron-Accepting pi-Conjugated Compound Containing Cyano-Substituted Naphthobisthiadiazole as 2021

Nonfullerene Acceptor in Organic Solar Cells

Synthesis 3390-3396
DOl

10.1055/a-1528-1632

S. Jinnai, Y. le 34

Synthesis, Properties, and Photovoltaic Characteristics of Arch-and S-shaped 2021

Napthobisthiadiazole-based Acceptors

J. Photopolym. Sci. Technol. 285-290
DOl

10.2494/photopolymer.34.285

K. Yamamoto, S. M. Quintero, S. Jinnai, E. Jeong, K. Matsuo, M. Suzuki, H. Yamada, J. Casado, 10

Y. le

Cross-Conjugated Isothianaphthene Quinoids: A Versatile Strategy for Controlling Electronic 2022

Structures

J. Mater. Chem. C 4424-4434

DOl
10.1039/D1TC05794D




K. Mishima, T. Sakai, K. Yokota, M. Taniguchi, Y. Aso, Y. le, K. Yamashita 401

The effect of a two-dimensional structure on the dielectric constant and photovoltaic 2020

characteristics

J. Photochem. Photobiol. A 112756
DOl

10.1016/j . jphotochem.2020.112756

S. Chatterjee, T. Ohto, H. Tada, S. Jinnai, Y. le 8

Correlation between the Dipole Moment of Nonfullerene Acceptors and the Active Layer Morphology 2020

of Green-Solvent-Processed P3HT-Based Organic Solar Cells

ACS Sustainable Chem. Eng.

19013-19022

DOl
10.1021/acssuschemeng.0c07114

Y. le, Y. Okamoto, T. Inoue, T. Seo, T. Ohto, R. Yamada, H. Tada, Y. Aso 143

Improving Intramolecular Hopping Charge Transport via Periodical Segmentation of 1t -Conjugation 2021

in a Molecule

J. Am. Chem. Soc. 599-603
DOl

10.1021/jacs.0c10560

T. Ohto, A. Tashiro, T. Seo, N. Kawaguchi, Y. Numai, J. Tokumoto, S. Yamaguchi, R. Yamada, H. 17

Tada, Y. Aso, Y. le

Single-Molecule Conductance of a 1t -Hybridized Tripodal Anchor while Maintaining Electronic 2021

Communication

Small 2006709

DOl
10.1002/sml1.202006709




K. lguchi, T. Mikie, M. Saito, K. Komeyama, T. Seo, Y. le, I. Osaka 33

N-type Semiconducting Polymers Based on Dicyano Naphthobisthiadiazole: High Electron Mobility 2021
with Unfavorable Backbone Twist

Chem. Mater. 2218-2228

Dol
10.1021/acs.chemmater.1c00204

S. Mohapatra, G. Das, V. Gupta, P. Mondal, M. Nitani, Y. le, S. Chatterjee, Y. Aso, S. Ghosh 6

Power of an Organic Electron Acceptor in Modulation of Intracellular Mitochondrial Reactive 2021
Oxygen Species: Inducing JNK- and Caspase-Dependent Apoptosis of Cancer Cells

ACS Omega 7815-7828

DOl
10.1021/acsomega.1c00308

20 6 3

Yutaka le

Nonfullerene Acceptors for Organic Solar Cells: Influence of Surface Free Energy and Dipole Moment on Film Morphologies

The 11th International Conference on Flexible and Printed Electronic

2021

Yutaka le

Dipole Moment of Nonfullerene Acceptors: A Strategy for Green-Solvent Processed P3HT-Based Organic Solar Cells

239th ECS Meeting

2021




Seihou Jinnai, Chatterjee Shreyam, Yutaka le

Synthesis, Properties, and Photovoltaic Characteristics of Arch- and S-shaped Naphthobisthiadiazole-based Acceptors

The 38th International Conference of Photopolymer Science and Technology

2021

M&BE 6

2021

11 CSJ

2021

31

2021




44

2021

2021

2021

48

2021

102

2022




D-A

102
2022

102
2022

101
2021

100

2021




100

2021

Keisuke Nagai, Takuji Seo, Seihou Jinnai, and Yutaka le

Development of Nonfullerene Acceptors with Spiro-substituted Fluorene Units

100
2021
100
2021
Tt
47

2020




69

2020

M&BE 6

2020




