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Abstract of Thesis

Throughout this dissertation, the ground- and excited-state properties of radical ions were systematically
examined by intermolecular charge recombination and intramolecular electron transfer (ET) (or hole transfer
(HT)) processes using nanosecond pulse radiolysis and femtosecond laser flash photolysis, respectively.

In Chapter 1, three bis(diarylamino)dihydro-indenoindenes (R-DI) were investigated by nanosecond pulse
radiolysis to observe the absorption spectra of their corresponding radical cations (R-DI**) and anions (R-DI*). It
was suggested that the positive charge is mainly localized on the triphenylamine (TPA) moiety of R-DI**, whereas
the negative charge is localized on the ¢rans-stilbene moiety of R-DI*~. All R-DI showed emission with nanosecond
lifetimes during the pulse radiolysis in benzene. The observed emission was considered to be derived from the
direct singlet excited state (\R-DI*) generation by the charge recombination between the ground-state R-DI**and
R-DI™-.

In Chapter 2-1, several reduced dyad molecules were investigated by femtosecond laser flash photolysis to
observe the intramolecular ET processes from excited perylenediimide radical anion (PDI*-*) for the first time. It
was found that efficient intramolecular ET occurred in PDI**-pyromellitimide (PI) and PDI*-*-
naphthalenediimide (NDI) because of the sufficient driving forces. In particular, PDI*-*-PDI and PDI*-*-PDI*-
exhibited quite different ET pathways. By applying the Marcus theory to the dyad systems of NDI*=* and PDI*~*,
the ET rate constant (kgr) difference could be reasonably explained.

In Chapter 2-2, the ET in densely charged aromatic diimides (ADIs) upon excitation was systematically
investigated by femtosecond laser flash photolysis using a series of reduced dyads: NDI*--m-NDI*-,
NDI*--p-NDI*-, PDI*-n-PDI*-, and NDI*-mPDI*- (m and p indicate the substitution positions). Different kgt
were observed for the generation of NDI and NDI2- in NDI*~*-m-NDI*~ and NDI*~*-p-NDI*~. Interestingly, the
duality of the excited radical anion, which could act as both an electron donor and acceptor, was clearly revealed
upon excitation of the NDI*~ and PDI*~ moieties in NDI*=-PDI*-, respectively. By applying the Marcus theory, the
relationship between the ket and driving forces in ADI*~*-ADT’ *~ could be reasonably explained.

In Chapter 3, the intramolecular HT from excited radical cation was investigated for the first time using a new
series of mesitylene-linked oligothiophenes (nT, nis the number of thiophene units). The use of mesitylene as a
spacer realized a minimized mr-conjugation with 1T and an increased stability of nT**. An analysis of the transient
absorption spectra of 4T*+-M upon 670 nm excitation showed the existence of two species as the D1 and Dghot
states. Photo-accelerated intramolecular HT with the subsequent back HT processes were confirmed in
4T+*-M-2T and 4T°*+*-M-3T. This was the first capture of such successive HT by applying femtosecond laser flash
photolysis to the charged nT assemblies.

To conclude, the results shown in Chapter 1 indicated the important functions of the ground-state radical ions
in emission mechanism of R-DI as new candidates for organic light-emitting diodes (OLEDs); the results shown in
Chapter 2 provided valuable insights into the unique characteristics of PDI"~* and ADI*~*-ADTI’*~ as the effective
initiators for photocarrier (polaron and bipolaron) generation in related n-type semiconductor materials; the
results shown in Chapter 3 gave a perspective on the distinctive nature of nT*** as not only the hole donors, but
also the initiators for rapid photocarrier generation in related p-type organic semiconductors. Thus, this
dissertation unambiguously revealed the novel aspects (e.g., charge transport behaviors) of both n-type and

p-type organic materials relating to the crucial roles of ground- and excited-state radical anions and cations.
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FIETE, 7/ ATIOFY U REHEAL, SEOER (T VLT I)) I Ruf T )4 0T U HE
& R-DD) Z#MHL L, IVHLAFALy RDIY) L7=4> RDI) OEBERIALT MLEBRILEZ, Zh
LY, ROT 4 T7Fx—VIERDID MY 7 2 =17 I (TPA) HuIcBEL, XFT 4+ 7F ¥ —TILR-DI-
D b T U A-AF N (transstilbene) HIRTEALT 2 Z E WA I, £, R-DI OB UERIZ LA S
UAY AEBRPICEES R S iz, ZHUTEEREE R-DIYE R-DI- OS5 FEENEH{SGICL DY I Ly hAT
— b (AR-DI*) RAENFRKTE & ootz

21 BT, 7z A ML—V =TT v vaTr F)VAEZMAL, BHEOBROIGETLSNEZZ AT RyT%
WGl L, W1 TRY LU VA 2 ROFRIRRET PV T =42 (PDI'*) o0 FNEFBEZ2H~T, Ok
H.PDI'"*trxUy kAR (PI) & PDI'"*F 7% LA I K (NDI) HIZH7eBRE8) 112 LD EBEHNE
W S 7z F#2  PDI~*-PDI & PDI~*-PDI'~HIUZIEfEK & 13872 28 BB IE A fEH] S iz, £ 72 NDI'~* & PDI"~*
DHE AT RFH% Marcus s CTHOM L. WROEFBENEE EOBEWNIA2AFNE R L,

F22HTIE, V2L MIL—H =TT 0275 NI UVRAEERL, BEOBITINZEAT RoTtaxtgs L,
i EhE=Ta~T 4 v 7 VA I ROER (FVBNLT =4>) (ADI'*-ADI"") WK Z 5B B8 & RHMIH
N7, ZOFER, NDI'-*-meta-NDI'-& NDI'~*-para-NDI'~t1 TiZ NDI & NDIZ- 420k 5 B F B EIHE OE A
RENnT, B2, BEIRAIZ NDI - metaPDI'-H® NDI'-5iid PDI % filifd 42 2 L2 k- T, FhiRET LT =
FrOEF RS —T 7T F—L LTOmMmEERH LN o T,

B 3IETIE, AVF L (mesitylene) 2V v —L LizAY IF 472 (4T, nidFA47zrva=y o) &£
GEREEGR L, IO THRERIET DN TF A4 AT ) »HO5THNER—NLBENEZHH~7-, Mesisylene I% nT & ®
HHEREHZ L, nT*ORENERETE BN Ghole, 7oA ML —F =TT v aT7x NI VATHLN
72 AT +M OMEPEWILALZ kix, D1 & Dohot 27— K OFFEEEZ R LTz, F72. 4T +*-M-2T & 4T +*M-3T i
FOEINE S N2 R 72 FIN A — LB BN & 8 7 BRI S iz,
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