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Development of Highly Efficient Room Temperature Phosphorescent Materials via
Thermal Activation Process
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Materials that display phosphorescence at room temperature are utilized as
light-emitting materials in organic electroluminescence (EL) devices, because they can convert
excitons generated by current excitation into light energy with an internal conversion efficiency of

up to 100%. However, the studies on materials composed only of abundant elements and exhibiting
room-temperature phosphorescence are still in infancy. In this study, the principal investigator has
succeeded in developing novel room-temperature phosphorescent (RTP) materials based on
donor-acceptor-donor structure composed of only abundant elements. The materials exhibit RTP via a
thermally activated mechanism and serves as a light-emitting material for high-efficiency organic EL

devices.

EL



100%
EL
Eur. J. Org. Chem. 2013, 7653

room-temperature phosphorescence: RTP i
T1 i T1

QL

J. Mater.
Chem. C 2018, 6, 4603
- H
Nat. Chem. 2011, 3,205 Nat. Mater. 2015, 14,
685
EL
EL
J. Mater. Chem. C 2013, 1, 2717; Angew. Chem. Int. Ed. 2013, 52, 13449
EL external quantum efficiency: EQE
EL
i
Si-T1 AEst ii
A Est T1=Th AErT

i) REQRAE A uEMRANEN 2 FBLT 5 72D A%t

iv

TADF
Data de Silva
EL
N
Q\N;N‘ ’: :‘ Si = SiPhy, Si(i-Pr)p, Sl
[a] DBPHZ @S' L0 QLD @
D-A-D
D-A-D

Pd Buchwald-Hartwig X



Lippert- . ;H .......... 472 500 590 590 685
Mataga AT S Pt T R
A E — THF 3
311-vs. 2,12- @N ”NQ 28U ol {
Ph;ris‘@ @s.‘;:" T 4 — DMF 2
3
©

3,11- 21

300 400 500 600 700 800

2,12_ A/nm

N 518 545 577 601 615
‘ ~ 8 (0.35) (0.34) (0.16) (0.14) (0.06)

St 2.12- N

=
@)
=
&
£/10%/M-Tem-1
nefuedy

2,12-
A/nm 800
D-A-D 10* ; "t mpr—T—y TR 11
o N
1 RTP i
DBPHZ 3,11- 510 " < 190K] %0'7 e
S i \l RTPr | o0k s s
Ph  i-Pr a ty, s T %
210 ﬂ;i% l TADF {2 £
" 10 5 {E a
~ l 203
10° 0.2
TCTA 10 Wt% .
D—A—D 3,11‘ 10.510" T;)“ ;10' ':I.:)z W&JJ ;‘;)‘ T(‘)S ;‘;)5 ;-;)7 w1—;)a 10° 0400 45‘)0 560 55“:0 660 6;0 700 750
i'Pr Delay Time (ns) Wavelength (nm)
Aem= 500 nm 1CT
Aem = 550 nm
3LE; ~A 7~ BoOHFmE LD
3CT2
TADF
AErr1=0.08eV  AEsr=0.19 eV
2,12- RTP TADF
D-A-D EL "
EL [ITO/NPB/TAPC/TCTA: D-A-D Ph@ " N‘ o
(10%)/TPBI/LiF] g

3,11-

i-Pr g )”x. g W %%g‘
EQE 7.4% LUNTO LUNTO 'LUNTO LUNTO
RTP gﬁ!& g y% % :f % ‘;
OLED HONTO ™ HONTO
S

HONTO HONTO

St Ty, T2

EL



5 5 4 2

Goya Tsuyoshi Zimmermann Crocomo Paola Hosono Takumi Minakata Satoshi Sousa Leonardo 11

Evaristo Silva Piotr Data Przemyslaw Takeda Youhei

A New Entry to Purely Organic Thermally Activated Delayed Fluorescence Emitters Based on 2022

Pyrido[2,3- blpyrazine- Dihydrophenazasilines Donor- Acceptor Dyad

Asian Journal of Organic Chemistry 202100780
DOl

10.1002/ajoc.202100780

Hosono Takumi Decarli Nicolas Oliveira Crocomo Paola Zimmermann Goya Tsuyoshi de Sousa 10

Leonardo Evaristo Tohnai Norimitsu Minakata Satoshi de Silva Piotr Data Przemyslaw Takeda

Youhei

The regioisomeric effect on the excited-state fate leading to room-temperature phosphorescence 2022

or thermally activated delayed fluorescence in a dibenzophenazine-cored donor-acceptor-donor

system

Journal of Materials Chemistry C 4905 4913
DOl

10.1039/D1TC05730H

Nyga Aleksandra Kaihara Takahito Hosono Takumi Sipala Massimiliano Stachelek Patrycja 58

Tohnai Norimitsu Minakata Satoshi de Sousa Leonardo Evaristo de Silva Piotr Data

Przemyslaw Takeda Youhei

Dual-photofunctional organogermanium compound based on donor-acceptor-donor architecture 2022

Chemical Communications 5889 5892
DOl

10.1039/D2CC01568D

Zimmermann Crocomo Paola Okazaki Masato Hosono Takumi Minakata Satoshi Takeda Youhei Data 28

Przemyslaw

Dibenzophenazine- Based TADF Emitters as Dual Electrochromic and Electroluminescence Materials 2022

Chemistry - A European Journal 202200826

DOl
10.1002/chem. 202200826




lzumi Saika [Inoue Keiki Nitta Yuya Enjou Tomoya Ami Takahiro Oka Kouki Tohnai Norimitsu 29

Minakata Satoshi Fukushima Takanori Ishiwari Fumitaka Takeda Youhei

3,11- Diaminodibenzo[a,j]phenazine: Synthesis, Properties, and Applications to Troger®s Base- 2023

Forming Ladder Polymerization

Chemistry - A European Journal 202202702

DOl
10.1002/chem. 202202702

21 14 8

2021

41

2021

31

2021



, , Przemyslaw Data, Piotr de Silva, ,

D-A-D

31

2021
, , Przemyslaw Data, Piotr de Silva, ,
D-A-D

11 CSJ 2021

2021
10 1
2021
T

2021




Takumi Hosono, Youhei Takeda Satoshi, Minakata, Masato Okazaki, Data Przemyslaw

Development of a dibenzophenazine-cored D-A-D pi-conjugated compound displaying room-temperature phosphorescence: A new
entry to purely organic electrophosphorescent emitter

2021 International Chemical Congress of Pacific Basin Societies

2021

2022

102

2022

Youhei Takeda

Development of TADF/RTP-Active Multi-Photofunctional Organic Emitters: Lessons from Reactions and Molecules

NTU Chemistry Lectures in Spring Semester 2022

2022




Youhei Takeda

Development of TADF/RTP-Active Multi-Photofunctional Organic Emitters

The inaugural OU-WUT joint symposium on physical organic chemistry 2022

2022

Youhei Takeda, Takumi Hosono, Leonardo Evaristo de Sousa, Piotr de Silva, Przemyslaw Data, Satoshi Minakata

Room-Temperature Phosphorescence Enabled by Excited State Engineering of Dibenzo[a,j]phenazine-Cored Donor-Acceptor-Donor
Triads

The 19th International Symposium on Novel Aromatic Compounds (ISNA 19)

2022

Nae Aota, Youhei Takeda, Satoshi Minakata

Synthesis and Physicochemical Properties of D-1t -A-1t -D Compound Comprising Carbazole as the Electron Donor,
Dibenzophenazine as the Acceptor, and Xanthene as the Tt -Linker

The 19th International Symposium on Novel Aromatic Compounds (ISNA 19)

2022

Youhei Takeda

Development of TADF-Active Multi-Photofunctional Organic Materials Based on Novel Constructive Methods of Azaaromatics

International Conference on the Science and Technology of Synthetic Metals 2022

2022




56

2022

Youhei Takeda

Development of TADF/RTP-Active Multi-Photofunctional Organic Emitters

6th International Workshop on Nano and Biophotonics (IWNBP 2022)

2022

T - D-1t -A-11 -D

12 CSJ

2022

Youhei Takeda

Development of TADF/RTP-Active Multi-Photofunctional Organic Emitters Based on Dibenzo[a,j]phenazine-Cored Donor-Acceptor-
Donor Architectures

Japan Taiwan Bilateral Workshop on Nano-Science 2022

2022




92

2022

D-1t -A-11 -D

103

2023




