|

) <

The University of Osaka
Institutional Knowledge Archive

Studies on the Development of n-Type Organic
Title Semiconductors for Organic Solar Cells by
Engineering Frontier Orbitals and Molecular
Arrangement

Author(s) |Wang, Kai

Citation |KFRKZ, 2025 1HIHwX

Version Type|VoR

URL https://doi.org/10.18910/103207

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name (WANG KATI)

Studies on the Development of n-Type Organic Semiconductors for Organic Solar Cells by
Title Engineering Frontier Orbitals and Molecular Arrangement (7 v > 7 ¢ 7#li8 & 43 OEFIFEFHZ
o3 < ARG h I n BA B8R D BT (T B 2 WF5E)

Abstract of Thesis

Compared to inorganic solar cells, organic solar cells (OSCs) experience significant energy losses during the
photo-current conversion process due to their lower dielectric constant, higher electron-phonon coupling
coefficient, and larger exciton binding energy, which results in significant limitations in performance. In addition,
the bulk-heterojunction (BHJ) structure is composed of a donor/acceptor mixture, and its performance is
influenced by multiple factors, with complex and poorly understood microscopic mechanisms.

At present, the BHJ structure continues to face several intrinsic challenges, including: phase separation issues,
energy level matching challenges, complex D/A interactions and material optimization challenges, which further
restrict the performance of OSCs. To address these challenges, this dissertation designs novel NFAs for OSCs by
modifying the central backbone and bulk substituents of the flexible, structurally tunable ITIC core, and presents
a comprehensive investigation of how molecular structure governs electronic properties, exciton binding energy
(), and device performance in ITIC-based NFAs for organic solar cells.

In Chapter 1, a novel ITIC isomer, io-ITIC, was designed and synthesized to examine the effect of molecular
configuration on photophysical and photovoltaic properties. Electrochemical analyses revealed a lower HOMO
energy level in solution and a slightly higher ionization energy in the solid state relative to ITIC, resulting in a
reduced F£bh. Molecular dynamics simulations suggested that the V-shaped molecular backbone promotes multiple
stacking modes, thereby contributing to the reduction of F£b and offering valuable insights into NFA design
strategies.

Chapter 2 focused on the impact of aggregation behavior on Voc using im-ITIC, a by symmetric isomer
featuring side-chain arrangement on one side of the core. Concentration-dependent NMR and single-crystal X-ray
diffraction confirmed the coexistence of H- and J-aggregates in the solid state. Compared to ITIC, im-ITIC
exhibited a smaller Eb, prolonged free carrier lifetimes in pristine films, and a notably higher Voc in OSC devices.
Time-resolved infrared spectroscopy and TD-DFT calculations revealed that the presence of H-aggregation at the
D/A interface elevates the Etrt, correlating with the observed Voc enhancement. These findings underscore the
critical role of aggregation behavior, induced by molecular design, in modulating electronic interactions and
device performance.

In Chapter 3, the role of frontier molecular orbital distribution was elucidated using ITIC derivatives
incorporating spiro-substituted bithiophene or biphenyl units. Introduction of electron-donating bithiophene
units in SpiroT-DCI resulted in spatially decoupled HOMO and LUMO distributions, leading to an ultralow Fi of
0.32 eV, as compared to SpiroF-DCI and ITIC. SpiroT-DCI-based OSCs exhibited significantly improved charge
separation efficiency, prolonged free carrier lifetimes, and a maximum PCE of 9.08%. These results demonstrate
that precise modulation of FMO distribution offers an effective strategy to minimize F£i and enhance device
performance.

Overall, this dissertation establishes a fundamental understanding of how molecular configuration,
aggregation behavior, and electronic structure govern exciton dynamics and photovoltaic properties in NFAs.
Collectively, the insights gained herein offer clear and actionable design principles for developing next-generation

high-efficiency OSC materials.
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AR ER (0SC) X NF—&T7 772 —nF /) 20— VEGHEE BH)) 2%ERE LT 5 RKEEMTH D, FE
BREO B LIS T, BB E RIIET T —L T 7B X — (NFA) OBIIRE . T OB EHRIG O e 7 33
Lo TS, RIFETIE, BT EEOLRNT = —= 2 PR NFA ThH 2D ITIC (CAS HEEFS
1664293-06-4) IZ%& H L, ITIC B#IZE E41D N —=2 = FOFKERMZ#E U T NFA O THERYNE, B, B X
O OSC I RIF T 582 RFEHNCTE LT,

B 1 E T o FREER M L OB AR EIC T TR LR D720 Bl ITIC ORMRIEEY (io-ITIC)
RS Lz, Wik COBLZALZHEICL Y, io-ITIC T ITIC & Hif L Tt S8 (HOMO) YERLASRN T &2
HoMElrole, BIEREBTOEFZRAXF—HEMNEZERL/ZE Z 5, io-ITIC IXITIC & HB L TA A b X
—NELIRY  ZOFER B DRTTAZERHOMNERoT, HTEIFEYI a2l —vailL- T, io-ITIC ® V
FRIO Gy TREEN HA O TRERRET S & & bic, REEHEN B ORTFICFESLTND I EARB IR,

B2 ETIE, CoxtPtEE B L. DEEWT AT AMIEE O R NCEE U 72 BYEE im-ITIC ZB% L, 727 &7
2 —OEREZEEN Y 0SC DOBUHELE (Voo) 125 2 288 & it L, Bl XOBEEMATIC LV | im-ITIC [X[E&
G HBHERE TEEERD T LTV D 2 ERRER SN2, im-ITIC 13X ITIC L LT B 2VNEL, TOFERE L
T im-ITIC NIZZEUCZHBFT ¥ U T OHEMPELRD ZENHLMNE R 5 72,im-ITIC ® OSC fhz i~z & = A,
ITIC & L#E LTV Voc &7 Lic, B MR JGHIE & B LB P G HIC LY . N —/7 787 ¥—RET
O HEEROTFENBEWBEIREOZ XL X —% @b, TORE 0SC @ Voc B EF L TWD Z EMRrRmBEn, K
I, BFTIFA K- THESND T 7 872 —DREZEBS R —/7 7 872 —RE TOEF TR/ X—UE
IR OSC MPEICHEREEL RITT L 2R LTS,

EIWTE, AVRBERIN-EF L7 =B EED ITIC HE(K (SpiroT-DCI) 2R L., 7227 4 74 1#l
E (FMO) OZEMI A N EIEMESS OSC FHEICKITTHELW O L L, ETFHEGEHOREVET A7 = &
¥ 2 A L7 SpiroT-DCI T, HOMO & AKZ2#1E (LUMO) D43 N ZEMBICHBEL TRV | ORI S B
(032eV) ZRTZ EBHABN L2572, SpiroT-DCI #FEBIZH 7 OSCIIEN - ERIBENE, RVWABX ¥ U
T FEm, B, BOFEEDE 9.08% o Lo, RAEHIT, FMO /540 2 R ICHIH T2 2 L 2% By D& & OSC FF
M EICAEDITHDLZ EERLTVD,
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MEtO Sy TR O —MEH L E Lz, o TABIIH LR E LTiESH 5 b0 RO 5,




	WANG KAI_Abstract
	Pages from 2_審査終了後作成 （学位審査報告書等）_20250707Wang-森先生バージョン

