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In this study, we focus on spontaneous exciton dissociation in polar organic
semiconductor solid-state thin films and investigate the role of excited spin states in exciton
dissociation events. We found that the exciton dissociation from the triplet excited state proceeds
more favorably than that from the singlet excited state. Furthermore, minimizing the recombination
probability between holes and electrons as much as possible found that the electron lifetime has an
extremely long lifetime of over one month, even at room temperature, and that spatial information
can also be retained. These experimental results revealed by this research not only provide design
guidelines for opt-electric organic devices that realize highly efficient and ultra-long-lived
charge-separated states but also lead to the creation of novel devices that control the physical
phenomena of light absorb, charge accumulation, and light emission, thereby opening up further
possibilities for organic electronics.



B X C—19, F—19—1, Z—19 (@)

1. HEFRBIMOER

AR ELH ST (Organic solar cell: 0SC) DOEHNRITIFEE L <M ELTWD, FRZ, K
BRI TI2H1T D OSC DEMNHRIT 26%ICbEL, YV ayRELF a7 A0A FRNE
BHASE T DNRIZILET 5, —J5, REOHME L 112 0SC DEHNRITZE LK FLTLE
9o ZAUL, OSC W TR T 2 B EE ORI & 72V B 728 (FBATEAAS) RN
2 DRGSR AL ELARE TN TOZ R X —HHK (BWHEL) BRE LR DH7D LB S,
OSC DIz D b ERREL o> T D,

— W72 BRSO, g EEE (HOMO) & RZeiiiE (LUMO) FE DK & 7o A Hifs 4y
TR —DFEEIC LY Fhile ZEEAEN CLE) (I —EHEHEN ('LE) LV H4 1 eV F2E
hEL, BEFRFT— (D) LB FT7 7872 — (A) »FHETOEMBEN (Charge-transfer: CT)
JhECIREE Z R4 % OSC DIE. K4+ D LE 1%, D/A Rl TR SIS CT Bt Dkt =
BEHTIRLX— CCT) LW b/hs<725b, TOME, YETEBE BWEES) WENEAET
He, ACUMEHNC LY 3CT NEHEBSANCAER L, DELIZTADTFOILE ~EEBLTL
£ 9, [F UESHME CTIL, SLE 2> b O R T-AREEZN I 3CT 2> b Dbk 1-Af#kE &tk LT L<
INEW, DT, HOBMOBHCE ST EIXTE RN E TREND, Thbb, /EkoH
PRSI IE T 7B ENC L A bl = EBURIEDOEBIIB AN R X A X b &V )
ICE D, BRI S AT 2720, D:A 7 L2 RIERO @SBRSS, MRS MEm Elo
L DEHEBE ML EOTFIEICLY, TOMPNINETITHEEINTEZ, LorL, WTFho
FEEZHOTHEMEES Z 2RI TE 3, KEWRIRIZIZE > TV,

2. AROEMN

SCT ¥EAL K 0 b RE 7 SLE ML AT 250 T ROTRE N . A HE EL (ZBI9 D505 B CUL PG
JIHNZAT O, WD TS e A B AR O =RV ¥ —7& (AEst) DHEBTE L Z 0L
MERSTND, ZOXHR5FFHTIE, 3CT 28 CT bl —EIERAEE (ICT) ~& WIHMEZ =
(CT-!CT) TE %, FD=®H, 3CT #IEIFE 100%D %R T—HIAFIFIREE) b DIRIEHE & L
TR HTZENTES, Z0L ) edkid, BV LIEILE Y. (TADF) CFFFRSLD, A%
DTRTER IS CT Rl 71%, A 8K T A 2R OBIERELOR R % 707 W EhiE ik g
Th o LT FEH SN OOH Y . CT bkl 7 ORI | 2 bkl 2 L fRAE D& H & B
THZEIFMOTEETHD, UL, ZHEEH o R REFEFEREMA B O ARk - FEMAS B 1
HA#: T b —J5 T, CT B+ OfREHERRICZI T 5 3CT FhiEl ke O A K 72 55 % fR i L 7=
ML o E CICEETH D, 2L, 163k OSC AICHW SN TE -0 1RICEBIT 5 *LE 28 °CT
L0 b/hEn LRSS, ABFZEO BIX, CT it 7O ffEhEa iR 5 3CT Fhikie
DARER BN R 3 5 2 & ¢, “WETBEHEAE 7 & O $) 72 OSC EhfERER A J280
TAHIETHA,

FFIILE > 5CT
BFT LTI BRaRkER
LUMO

—Q— Bros| [BEs] o - K/; N -
0 'cT BEAR

PORLN- S -

“Homo i REROHETR
ssE=BiEk

X 1: OSC |28 2 W T BERRE & ANF9E CHEET 2 5K v/t 0SC O

Energy (eV)




3. ARDAE

b OO G FLEMREFEPER2REEBMNZRTZEBPHLNE RS> TWD, ZHITAE#S T
DEFEASBC L LDBETH Y, TV I =0 LFEERERIZ I 2 EERRmENMIEEOF A, (E.
Ito et al., J. Appl. Phys., 2002) LARE, FIZHHE EL I WM R 2 ST D, L
22U, FEITZE OWFER AT A FERL N /3 2N T E AR 7R & O BRI R T REIZ SN T
OEBERHORRE CTh o7z, T E TICHFH A ORI NV —7" Tl AR ST 5 A
B 73R (spontaneous orientation polarization : SOP) 2 & ¥ | bz L 0 Azpk L 72 bkt 7252
FHNARBEST 2 2 &0 S OITHRBEL TAR LICEMAFHOIRT CHEFBEI 4 EZ L, BRFFHIC
EoT=L 7 hrIRxytr A (BL) 7T EWOFEELRHL TS, ZUuddbb,
EFBEEREL EL & LT R —7 CELFEEZEWRT D, € 2 TAUFETIE, AR
\ZFT Dbk FARBEBIS & EL FOUBIR 2 MR D5 IS HRIT 32 2 & T CT bl 1 DO fRRfEH
FRIZH T 2 3CT RO ARE R etk B 2 45 2 L 2 B L7,

4. FHFEMRR
1) FhiEEFOREEEF R & BIRK L iRk

AFHRCTIIFRM 72 TADF 43 Cd 5 4CzIPN (4Est=0.01eV) & 4CzTPN (4Est=0.06eV) %
IOy & L THW 2, 4CZIPN & 4CZTPN (3 A WSS BAER DO BISR T H 5 23, 4CzIPN 1 X up=3.8
DHKAIBARAE— A N FT D551 Th D, 4CZTPN 1% D5 FHEE D XFRMEIZ X 0 R
PTH D, FAMIELE LT, 4CzIPN (T1=2.48 eV)$E L UV 4CZTPN (Ti=2.28 eV) L U LW\ Ty
AT 5 CBP(Ti=2.55eV)% —HIEIEM A A b & LTHWE, £72. Fhitd = HEIERFE O Fhitl +fiF
BEBAR ISR D BRI 5720, 4CZIPN B L V4CZTPN O LD HIEW T 2 F 57 b7
T UFHER (AND) %, ZEIEATEMER A b LCTHWE, 2D OB A STt BRI, &
UV ITO/T2T/EML/CBP/AL > 5 732 5 FEBERHEAR T /314 2D TRPL FtE 23l §5 Z L1280 b
B TR G D E U A E 2 JlE LTz,

2a |Z 4CzIPN 3 L UV 4CzTPN % CBP 7=
A RHIZ 50 wt% R — 7 L7z AR E T Ol
% PL (TRPL) ##ME% <9, CBP:4CzIPN R—
TR TIE, LIRS off %5 2ms £C
DRFHIHIZ B W TR FEMBICL 0 D BLEE S
iz, —F T, CBP:4ACZTPN K—7 iz ‘
TREHFOFIEMSITBES N o7, 2 g 00
(ZAFELIE O DCM ¥ % 773, CBP:4CzIPN
F—7 BN TIE2 V (X 0 B OE
AW Z V| oim=—-1.79 mC m2 DEHEFEM
BHIS N7z, —J5 T CBP:A4ACZTPN F—7 =T
1.0V LU F COEMEAL L OERHITEH &
N7ginot-, ZnHO5ES LY | CBP:4CZIPN
RN — 7RIz BV TR S 1 5 R RFEFE O
BG, BEHIZARL L2 SOP 12 L » TRk X

Nz AR TREER I LS Lo T |
5 LEERTX 7 2: 4CzIPN, 4CZTPN:CBP H:Z 35D (a) TrPL

RePE, (D)L ETTRFIE. (c)TrPL OAMRELLEIN
Kk

0.4]

Current (pA)
o
N

o
o

S
N

CBP:4CzIPN

(A) abejop

Intensity (arb. unit)

Ll VRO
4 AL |
N g
5 1.0 15

Time (ms)

ey CBP:4CzTPN

5
(A) ebejon

Intensity (arb. unit)
3

Z DOEhEFEEER S, OPV (2B W CHE
WD b oL RIS, SNREEOEIINC L -
THFHEIND, K2z, FEBEMEART SA Z2xF L THREIEHIZ 200 us DENA T A ZH]
N U745 %779, CBP:4CzIPN 5 L UF CBP:4CZTPN HAREMHFIZ BT, EHIREETO PL &
FEWENR SN, ZHIEAEEERIMI L > T, BEFDRFEEL CWAZ EEZ/RLTW5,



Q
o

T .ol ’\ 0l \
> 10 107 > 10 107"
€ 2 |
\g 1071 E \N% \g 1071 E L‘
‘® [ -3 ‘© [ -3
© 1072} 10 0.1 0.2 @ 1072k 10 0.1 02
£ I
s 10°} w/o voltage S 107k w/o voltage
a 7
é’ I |50wt%-4CzIPN:CBP é f 4CzIPN neat
w107t with voltage (10 V) w10k with voltage (—10 V)
0 2 4 6 8 10 0 2 4 6 8 10
Time (us) Time (us)

3: 4CzIPN:CBP #:78 45 #1518 L OV 4CzIPN HE #2351 D TrPL DA ERE S EN N

E B off #> TRPL #hffi%. CBP:4CZTPN 7K 35 EIC B\ T b B HMBE A 1 BlER
ST, ZHUE, IMBEIEIC Lo TAER L2 EMICB W T HIRBRIZ, BRIt & L TRFMIE
HBEC TS ZEERLTND, WTIOMEHZEW TS, Ak L7eEMITID R ELI VR
F—=H—DFMTHELTND Z s, ZHIEEE/RAA M TIE, EMPLEICRIFIND
ZEEEMTITCND, I 2 ChlE RERERE BT D A B RO REIZ OV CGER T 5729,
CBP:4CzIPN 50wt% RF— 7€ & 4CzIPN neat FEIZ 31T 52O OB FUKFMEZ i+ 25 Z L1
X0, hil FAREERRRIC KT A E T A L REOEBEIZ O THRF 2% L=, X 3a (2,
CBP:4CzIPN S50wt% RO IEBERENT /31 A% HWTHIE L7z TRPL #ER %2777, -10 V OFEE
FIANC & o TEIEHCA T DA D L, BRI T2 Bk Le o7z, —F ., 4CzIPN
neat JRIZEWTIE, X 3b IZ/RTIEY . BRpEEd X ONBRE S L 1 BRI L &2k L7
Mofo, TIVHORERIT, BRI R E O B s BEE R X, it A v ZEEREEA I LT3
RN Z 5 Z L 2R L TWD, Fio, EFITEVEIGER L 5T D A &2 —EERE)
O Ok FAREENRITE L <IERWZ & ZFRIKFIZER L T 5, CBP:ACzIPN 50wt%EIZ31T 5
3CTI DOF A (=23 ps) 1%, 'CTi DF Ay (=30ns) LV H 24T ERL, & 5T 4CzIPN 55FD
AEst BIEFIT/NZ N T2DIT, it A B2 ZEHIURIED b O T iEEESAMEERICA T T s &
EELTE D, 4CzIPN neat FEIZ 35\ Tl T EBERN =R 23800 U7 JRR & LTk, 25 I
BT D b F-ARRERFR & Fhifd 2 v ZHIEREEN S OIER I CEBBREROFESICL b D L E X
B35, HFFIZ 4CzIPN O F— 7% 50 wt%)> 5 100 wt% (neat)~E s> 5 & 4y 1M EEkE O Jk
|12 & > T DET OFEEEE(koen)l T 72 < & 22 512K 5 726, DET BRI L 2 b - TE K
WROFLGEDRIFBIZREL 2DEBX 05, UEOFRRELY . TADF 53+ D X 512 4Est D/
X720y R CIE = EIEBIL 10> O bl MBI A T T D L T, B A
BOHOEMERICH G TEDOARG TRENELMRRETOIEHMEE LTRIHT 52T, =
FNFXF—HRO W R EE TE 5 LIS LD,

2) FhiRFREEREIC & > TERS W-BRE ORERIERE

R UFTE 08 U, bk 1R A R CAE R S TS BT I, AR T TR EICAFE L T
WareErEhsd, T2 TCEMOEFRBICOW TR Z1T 5 72 ® ., ITOHAT-
CN/TAPC/mCBP:TPA-DCPP 50 wt%/T2T/Al 2257257 /34 A (K 4a) Z1ERLL ., BRI EFRFIERE
i Z1T > 72, FMMAE LTHW TPA-DCPP 1%, FEHICRERF AR —LE—A L FEH L, b
HREHZ X » T H BB 72 iR N BLH S D TADF 20+ To b, ARFF T, B SA 7 ZEIN
FIC X EL B4 U, NENICEF RSB LB A DOHFR—/LIEAIZ L - T/UL R EL 2385
Ehb, EO, HRFED» GEEOFRHER R INANSA 7 AEINEITO Z &2, NERIAF
BT H2ETOFMETMT 5 ERAREL 725, AHEIZHB W TIL, 2V oA 7' > MEERIN
T CHERE L=t FBIEEIN%Z off (BIACIREE) I L7 REEC— BRI L., TDH% 10V O
Turn-on FEJE % 7L AME 10 ps 504 THINN L 72 BE 0 BL 58 28122 L7 (X 4b),

X 4c ([ ZHEHRET D AR ORERRGRZICB T 5 EL 2SNV R IRE Z2RT, SERE 217> T



TRV TIE IV AR B S 7z o
= — 5T, 40 mW cm? DJEREE % 50 us 1T
ST 3B REIC EL 2V ADMERI <7,
ZHUTIERRENC ko TARL - EREL TV
BN AEILE LTaffban T s
TEERLTND, RV AR DIREZE
fEiZ. X 4dinset |Z7R9738 D ~10000 F> (F)
2.7 B[] Bl £ ClIFIE—ETH D . 239
REfE R 10 H) & W9 IERIC R O IR AR
%Y. WIHIBREE 6 LT 80% D IR % {1 HF
LTWAHZERHBMNE T, ZOWE
T f)=Ae" DB T v T 4 T
% & ., FBAHEA 1 903 & BAED S,
ZAVUFER A EIRIREICBWT 1 AL
BEIEFFEIND E NS 2 EERL T
%o JERRETE ORI W T2 V O A
7Yy NMEEZHIN UG T ZHE D, FEE
DIRFRRENSE DN TND Z & 026, TPA-
DCPP % & oD SOP 2N & AT D22 EARFF
ICHEBRL TS EEZ BN D,

Q
a p g
Photo detector
—
20 EML
24 ITo
s LED
3 mCBP
= TAPC .
2 Oscilloscope unction
2 ITO jenerator
w7 -55
-55
HAT-CN 6.0 65 %
10nm 50 nm 30nm 80 nm
- Hole injection
b . Photo excitation (50 ) (3)&harge recombination
WOV r= E
° 2| e
8 — g Y
2 3 g
= T2T
g D 3
2| 4 2
5 7 °
1. il s
& O g| © o |
2 EL >
Exciton di Time
B v B B R o —
cuit condition)
c d
. — e £1o o Epmneam
Hold time after excitation 5 ®---._@____ --- Fitingcurve
Z0.25] J — 01sec 20 hours £ B T
5 | — 10sec 72 hours. 208 e
g 0.20 100 sec 120 hours. §
8 1,000 sec 166 hours §o6 e
2015 10,000 sec — 239 hours € 1.0 °
30
2
LY
- 0.10 3 09
202 <
0.05) E 07 _ 10 10°
. . 2 Time (second)
0 0 5 70 15 20 0.0 50 100 150 200 250
Time (us) Time (hour)

4:(a) FFHEE, (b) EMRFFEORHI T4, (o)
EERFEREZ OBEREINC X %5 EL FEERHE. (d)
BT PR O IRFRM R AT

FECENICER SN BFICB LT, BRI ZRREFRED 270 597 2222 R RrEICBE L

THaHliZ9T > 72, Line & space (L&S)DIIRD /X% — 2 TR Y% 7 /31 AT

- ADNEE Y I

BIEAN LIRS = 2 h AT TREBE LTZE 2 A, B SE0s BB S 7581 D Ir 3L 238560
BEESNTZ(K 5a), ZHUET A ADFKT Y TIZEBNT, 7 BIALET > TORWIZEH

LoT, NE—VBRB RIS &
RLTWD, F %O RN %
1000 #0F THIR L7=BED L&S fiFRE % X
5b IR LTV A28, 1000 ORI 4 12T
DREEIR TR A BN D L O D, ZEFITF N
FEREINC O VRS NFET 5 LV 9 fER
DL, S BIC, LB OWME A & FFo
T L— A — Vg & RO CRER O FE5R &
Tolcl 2 A, +ok e Tl x5 5
Z e L (M 5¢), LLEL v, fhkT
REEC X > THEEMME R I AL L7
2, BIEFIZTBWTH 1 WA LW IR
WCEHMICE > TEEMITRFEIND Z
& FERAY 2R R R O Fr7p O P22 RE A R
FEr[REL W) FHEZ RLH LT,

3) SHOEE

a b

— 1s —100s
— 10s — 1000s

0
2
4
6
8

Vertical position (mm)
EL intensity (arb.unit)

10.

12
6 8 10 12 6 8 10 12
Horizontal position (mm)

700 725 750 775 800 8.2
Vertical position (mm)

Original pattern EL pattern

B 5: (a) L&S /N — & it L7356 @D EL 53 %
— . (b) EL B/ 357 —  OLRFFIFIRIRFE . (o) EE
PXH— PR D BL FEHE

ABFFETIE, PR BEA-EARIRE I 5 B SR 7 il TARRER S R m 2 & T Jabid -
RBUITBT DR B REBORENIEE L THIE AT o 72, £ L T = EHEBEIREED b Db
TRREEDARNCEIT S 5 Z L 2D E L, £33 61, EALEEBTFOHIEMREMm) /N E
K$T5HZ LT, EFHMIBETK | TAULEWOIWDTRWFMAEART L2 L2/ E
iz ZERE RO IRFFATRETH D Z L Z2H b E LT, ARBIZEIC Ko TH B & 72 o T2 AT 20
LT, @R ORI B S BEIRIE 2 FH T D822 CT My 8 L OB T OiaHE# &
RTTIET Ta< | ZOE-BRRFE-FEE & W O BB R OfIE S LT AT T S ZORIHITEERDR D |
AL 7 bn=7 ZOE 25 ALY B < LI TE %,



12 12 0 1

Nguyen Thanh Ba Nakanotani Hajime Adachi Chihaya

10

An Overlooked Charge- Transfer Interaction in the Interfacial Triplet?Triplet Upconversion
Process in Blue Organic Light- Emitting Diodes

2022

Advanced Optical Materials

2200704 2200704

DOl
10.1002/adom. 202200704

Kohata Shintaro Nakanotani Hajime Adachi Chihaya 51

Modulation of Intersystem Crossing Rate Induced by Singlet-triplet Energy Level Alignment in 2022

1,2,3,5-Tetrakis(carbazol-9-yl)-4,6-dicyanobenzene Single Crystals

Chemistry Letters 989 992
DOl

10.1246/cl.220304

Yamanaka Takahiko Nakanotani Hajime Nakamoto Katsuhiro Adachi Chihaya 35

Electron Lifetime of Over One Month in Disordered Organic Solid- State Films 2023

Advanced Materials

2210335~2210338

DOl
10.1002/adma. 202210335

Fukami Yusuke Iwasawa Masato Sasaki Masahiro Hosokai Takuya Nakanotani Hajime Adachi 9
Chihaya Fukumoto Keiki Yamada Yoichi
Direct Observation of Photoexcited Electron Dynamics in Organic Solids Exhibiting Thermally 2021

Activated Delayed Fluorescence via Time- Resolved Photoelectron Emission Microscopy

Advanced Optical Materials

2100619 2100619

DOl
10.1002/adom. 202100619




Balijapalli Umamahesh Lee Yi- Ting Karunathilaka Buddhika S. B. Tumen- Ulzii Ganbaatar 60
Auffray Morgan Tsuchiya Youichi Nakanotani Hajime Adachi Chihaya
Tetrabenzo[a,c]phenazine Backbone for Highly Efficient Orange-Red Thermally Activated Delayed 2021

Fluorescence with Completely Horizontal Molecular Orientation

Angewandte Chemie International Edition

19364 19373

DOl
10.1002/anie. 202106570

Balijapalli Umamahesh Tang Xun Okada Daichi Lee Yi- Ting Karunathilaka Buddhika S. B. 9
Auffray Morgan Tumen- Ulzii Ganbaatar Tsuchiya Youichi Sandanayaka Atula S. D. Matsushima

Toshinori Nakanotani Hajime Adachi Chihaya

2,6- Dicarbonitrile Diphenyl- 1A 5Phosphinine (DCNP)A Robust Conjugated Building Block for 2021

Multi- Functional Dyes Exhibiting Tunable Amplified Spontaneous Emission

Advanced Optical Materials

2101122 2101122

DOl
10.1002/adom. 202101122

Yamanaka Takahiko Nakanotani Hajime Adachi Chihaya 8

Significant role of spin-triplet state for exciton dissociation in organic solids 2022

Science Advances abj9188-1~8
DOI

10.1126/sciadv.abj9188

Nguyen Thanh B. Nakanotani Hajime Chan Chin-Yiu Kakumachi Shunta Adachi Chihaya 15

Enhancing Triplet?Triplet Upconversion Efficiency and Operational Lifetime in Blue Organic 2023

Light-Emitting Diodes by Utilizing Thermally Activated Delayed Fluorescence Materials

ACS Applied Materials &amp; Interfaces

23557 23563

Dol
10.1021/acsami -3c02855




Kakumachi Shunta Ba Nguyen Thanh Nakanotani Hajime Adachi Chihaya

471

Abrupt exciton quenching in blue fluorescent organic light-emitting diodes around turn-on
voltage region

2023

Chemical Engineering Journal

144516 144516

DOl
10.1016/j .cej -2023.144516

Kohata Shintaro Nakanotani Hajime Chitose Youhei Yasuda Takuma Tsuchiya Youichi Adachi 62

Chihaya

Anti- Stokes Luminescence in Multi- Resonance- Type Thermally- Activated Delayed Fluorescence 2023

Molecules

Angewandte Chemie International Edition 202312326
DOl

10.1002/anie.202312326

Ueda Yuuhi Tanaka Masaki Nakanotani Hajime Adachi Chihaya 833

A polar transition of spontaneous orientation polarization in organic amorphous thin films 2023

Chemical Physics Letters

140915 140915

DOl
10.1016/j .cplett.2023.140915

Yamanaka Takahiko Nakanotani Hajime Adachi Chihaya 12

The role of spontaneous orientation polarization on charge storage behavior at an interface 2024
between organic semiconductor layers

Journal of Materials Chemistry C 1055 1060

DOl
10.1039/D3TC03979J




EL

104

2024

Thanh Ba Nguyen, Hajime Nakanotani, Chin-Yiu Chan, Shunta Kakumachi, Chihaya Adachi

Enhancing TTU-OLED performances by utilizing TADF Materials

2023

Research on Anti-Stokes Luminescence in Thermally Activated Delayed Fluorescence Molecules

2023
2023
, Thanh Ba Nguyen, s
OLED
84

2023




, Thanh Ba Nguyen, ,

Abrupt exciton quenching in blue fluorescent organic light-emitting diodes around turn-on voltage region

The 15th Asian Conference on Organic Electronics

2023
, Thanh Ba Nguyen, s
OLED
EL 37
2023
71
2024
71

2022




Hajime Nakanotani

Spontaneous dissociation of charge-transfer type excitons in organic solid-state films

102

2022

LED
https://ww.kyushu-u.ac.jp/ja/researches/view/621




