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Summary of thesis contents

The donor—acceptor heterojunction is a key structure in current technologies, including
transistors, light—emitting diodes, and photovoltaics, because it controls the charge dynamics in
the devices. Covalent organic frameworks (COFs) are a class of crystalline porous polymers that
allow the integration of organic units at atomic precision into two— and three—dimensional
periodicities. This thesis consists of design, synthesis, and functions of two—dimensional COFs,
with an emphasis on the development of new COFs with inborn donor—acceptor heterojunction
structures. The author demonstrated that donor—acceptor COFs offer periodically ordered
bicontinuous heterojunction structures and self-sorted donor and acceptor columnar arrays
separated at nanometer—scale intervals. This nanoscopic segregation morphology forms a broad
interface for charge separation, provides ambipolar pathways for charge collection, and would be
ideal as semiconducting structure for photoenergy conversions. The author revealed the charge
dynamics in donor—acceptor COFs, giving insights to the key mechanism in the energy
conversion.

(1) Design and Synthesis of Boronate—Linked Phthalocyanine—Imide Donor—Acceptor COFs

Chapter 2 describes the design and synthesis of a series of boronate—linked donor—acceptor
COFs with metallophthalocyanine as electron donor unit and diimide as acceptor moiety. These
COFs were unambiguously characterized by elemental analysis, infrared spectroscopy, electronic
absorption spectroscopy, solid—state nuclear magnetic resonance spectroscopy, scanning electron
macroscopy, and transmission electron macroscopy measurements. Crystal structural analysis
based on X-ray diffraction patterns in conjunction with simulations reveals that these COFs
consist of periodic, bicontinuous, and segregated donor—acceptor columnar orderings with atomic
precision. Nitrogen sorption isotherm measurements reveal the high porosity and the presence of
discrete nanopores. The donor—acceptor COFs exhibit strong and broad light absorption bands
covering visible and near infrared regions up to 1100 nm.

(2) Charge Dynamics in Phthalocyanine—Imide Donor—Acceptor COFs

In Chapter 3, the author describes the charge dynamics in a donor—acceptor COF with
built—in heterojunction structure. Photoinduced electron transfer and charge separation is a
central
key subject in developing artificial photosynthesis and photoenergy conversion systems. In both
solvated and solid states of COFs, light absorption is directly coupled with exciton generation
and charge separation. The heterojunctions in COFs enable an ultrafast charge separation,

whereas the aligned bicontinuous m—columns account for the long-distance charge delocalization
and exceptional long-term charge retention. These dynamics provide mechanistic insights into
the key photochemical processes involved in optoelectronics and photoenergy conversion
systems, and suggest that the donor-acceptor COFs are promising high-performance
semiconducting materials for use in applications. Many efforts have been devoted to highly
efficient electron—transfer and charge—separation systems through the extensive studies on
various model donor—acceptor compounds and on bulk heterojunction systems. The advantage of
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donor—acceptor COF configuration over the bulk heterojunction systems is that the COF structure
enables the formation of junction between each donor and acceptor unit and the junctions are
aligned and periodically ordered throughout the framework. These results disclose that the
donor—acceptor COFs provide a new molecular configuration for electron transfer and charge
separation, based on the segregated and bicontinuous donor—acceptor columnar arrays that are
controllable through the topological design of the COF skeletons.

(3) Electron Transfer in Large Pore Size Donor-Acceptor COFs

In Chapter 4, the author describes the design, synthesis, and properties of mesoporous
donor—acceptor COFs with a pore size of 5.3 nm, which is the largest one among COFs
developed to date. The large lattice size allows the confinement of electron transfer and charge
separation pathways that involve only the proximate donor and acceptor columns, thus offering a
useful scaffold for examining the impact of lattice structure on charge dynamics. The large pore
COFs enable an efficient charge separation as revealed by time-resolved spectroscopy. These
results indicate a principle for the lattice structural design of donor—acceptor COFs with a less
limitation in the dimension of building blocks.

(4) Design and Synthesis of Imine—Linked Donor—Acceptor COFs

In Chapter 5, the author reports the design and synthesis of two—dimensional donor—acceptor
COFs using imine linkages. The donor and acceptor units are linked in a mode of @ conjugation,
thus casting a structural contrast to boronate-linked donor—acceptor COFs. Their porosity,
crystalline structure, and m electronic functions were studied. The results demonstrate that the
imine linkage provides a powerful tool for the construction of donor—acceptor COF systems.

As described above, this thesis focuses on the molecular design, synthesis, and functional
exploration of COFs by developing a series of two—dimensional donor-acceptor COFs based on
boronate and imine linkages. Donor-acceptor COFs offer a unique platform for construction of
periodic, bicontinuous, and segregated donor—acceptor columnar orderings with atomic precision.
These donor—acceptor COFs not only allow for the periodic ordering of donor and acceptor units
but also enable functional design through the tuning of skeleton structures, thereby opening a
new phase in the structural and functional design of n—electronic materials.



(Separate Form 3)

RS OFAEROEE
Summary of the results of the doctoral thesis screening

TR AR E ARSI SOt R o — ROV L TR S, MR =
ERETTH L THFEBKOT v o G E ATEICHIE L T2 2 2 &N TE 5,
DK REIERHRE AT A EHE S TIIOROZ MBS CEm S FIITEETH Y | FER
IRRETEIC X D BB RE R BIAIIR SN Q0 D, KL, x0ET R F—¢& 7787
S—%E /) ~v—& LTHR L. Hrafle Zotb AR S MEA R EMEZ AL, Zh oo

ReBL7p - FETHREDBIFHIC A L 7=,

FIX CRoT IR A A E RS ICB L C, kG, OB, BT VR AN
T-BEREIE, W AHTEERE, b« BFHEREICHOWTHRR L TH D, F_ Ei3fx DB~
AT o) v — VA I NE v —FB L, EMAEUSSEEERFIL, Re g
T AT VKA TS L7z —#OEF R — « 77 v 7% — ReIA A AR B RS
DEMFIELMESL LTz, XRD fEbT, SR T AWEFRMIE, JTHROoHT. RO O
ANRHAER E2HWT, MELFE LTz, FNI— - 7787 ¥ — ke A e A%
EHEGEIT RTY— MR g AX v 752 LIk EnEEREE LS L, e, T
Oy 7=V Ra=my RBEINR AT AT LA 272 L TWAHZ EEH BN LT,
ZOMEE, R —L T 7Ty — OIS AR R IS 2 S V7S L. Bk
ORI EBPNIERSELZ N TED, FoFI NS — - 778 7¥ "ot
PEAHE T BAEE DB EEIC DV TR~ T b 5, BER AR I A~ 7 b VElE
SERIN A S EAAHEE COBBRIT 1. 4 apTRTL, BEdEETBHTHL L%
O LT, &2, AR LIEATH T OHNROET =40 T PhME, BT L
OHFTIEREAT DI EICLVEFEMELZLT I EERWE Lz, 51T, EinoBeik
BIISBECT 7 S 4 —a=y FOMEICELEFEL TSI EEHLNI L, &
WEIEKROF v o RV EHT D N F— « 77w 77— RusA SIS O
Sy TFRRER. ORRBRE K OMEREBRFRIC O W TR Th %, SIS, XAEEMRHT & Ok
IVREREARRET L. AT A XL BB A 52N Uiz, BREIXA I UG THE
fE Licflize D R F— -« 77 v 72— ZRouIA RO A E S ORGH, G, M

FEIZOWTIHRRTH D, A IVHEATHEME L K — - 77277 — koA aEs
BRI, EVRERE E AR T AT LA 2T 52 LB L, 2RI
BRI EENFRE TH D Z L 28 kD, FREIREE LD LBEICHON TR L TV

O

o



(Separate Form 3)

UEDO XD KX Tl kA REF NS — T 7872 —%E/~v—L LTHWT,
R RTEATIVRA L R VT, Eifg G BOSIS K0 N7 AR JE A A
AT DR R A AR IE R DG B OBERERRRIC IR EI L TV D, FRIZ, BF R — -7
7R T H =D D AR E ARG R OB RREM 2 A T 7 ZAOMIHIIARD THAR TH
Do FAITT Jin KOWIFEIT T 2 EBCmWEDMa odv, ) OB o BER A B E #
SR AL, TORELH LI L2 LT BERRIIC S EVIKEDHIFETH 5 &
ESNT, AFBELNR, BRISELEBICEHAL LTEY, FELZBSITHEGR I
it (B ORGITET S &R —ETHIE L7,



