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Summary of thesis contents

Covalent organic frameworks (COFs) and conjugated microporous polymers (CMPs) are two
new classes of porous polymers that allow the integration of organic units with atomic precision
into long-range-ordered two and three-dimensional structures. From a synthetic point of view,
COFs and CMPs are intriguing scaffolds since they allow a new degree of control of porosity,
composition and component positions. However, the construction of COFs and CMPs to date has
been limited to certain monomers, and the lack of suitable protocols utilizing other units has
impeded further advances in this emerging field. To advance this emerging field it is important to
extend the limited number of synthetic protocols and monomer units available and explore the
advanced application for these two kinds of materials. From this point of view, in this context, |
explored the possibility of constructing functional COFs and CMPs with novel m systems and
new protocol.

Carbon dioxide has been considered as the primary anthropogenic greenhouse gas
accumulated by the human activities, which is responsible for global warming and climate
change. The level of CO; in the atmosphere is increasing everyday through the combustion of
fossil fuels and wastes, and also via several chemical reactions used in the industrial processes.
Thus, in order to decrease the CO; level in atmosphere, its removal from flue-gas streams via
adsorption or sequestration is very important. Although, commercial carbon dioxide capture
systems are known but their capture quantity/capacity is much smaller than that of the demand.
Hence, research on the design and synthesis of high CO; adsorbent material for carbon capture
and sequestration (CCS) is an emerging and first growing area of research.

In Chapter 1, we developed a strategy for convertinga conventional 2D COF into an
outstanding CO; capture scaffold through channel-wall functionalization. The high-throughput
ring opening reaction is useful for creating carboxylic-acid-functionalized channel walls while
retaining the layered and open porous structure. Given the rather limited room for increasing the
porosity of 2D COFs, together with the availability of a broad diversity of different functional
groups, we anticipate that the present channel-wall engineering strategy will be critical to
exploring 2D COFs for high-performance gas storage and separation.

In Chapter 2, COFs with highly functionalized pore wall structures are difficult to obtain via
direct poly-condensation reactions. The systematic pore surface engineering of COFs enables the
tailor-made covalent docking of a variety of different functional groups with controlled loading
contents to the pore walls. The surface engineering of the pore walls profoundly affects the
surface area, pore size, pore volume, and pore environment. As demonstrated for CO, adsorption,
pore surface engineering is a high throughput and efficient method for achieving both enhanced
adsorption capacities and improved separation capabilities. Notably, this approach is not limited
to the present COF and is widely applicable to many other previously reported COFs. We

envisage that pore surface engineering might be a general strategy for screening for COF
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materials that satisfy the multiple requirements of CO, capture in industrial level flow-gas
applications.

In Chapter 3, we have developed the techniques for producing surface-exposed yet stable
metal nanoparticles by locking them within a dual-module mesoporous and microporous
three-dimensional w-network. The palladium nanoparticles exhibit inherently superior activity in
the heterogeneous catalysis of different types of carbon-carbon bond formation reactions.
Unreactive aryl chlorides are efficiently catalysed in Suzuki, Sonogashira and Stille coupling
reactions in neat water under mild conditions. This novel class of heterogeneous catalysts, unlike
previous examples thus far reported, combines activity, stability, reusability, versatility and
environmental compatibility; these advantages offer a plausible solution to long-standing
challenges for real applications in the field of heterogeneous catalyst. Therefore, these
advancements open new perspectives in the design of heterogeneous catalysts for the sustainable
production of fuels and chemicals. The present technique is applicable to producing various
surface-exposed metal nanoparticles; utilization of this technique may disclose inherent
functions and applications of other nanoparticles.

In Chapter 4, we have developed an electrochemical approach for the controlled synthesis of
thin films of conjugated microporous polymers. The thickness of the CMP films can be
synthetically controlled, and the films can be obtained on substrates or as freestanding films. The
films are unique in that they are porous, possess extended m conjugation, allow exciton
delocalization over the skeletons, and enable high-rate electron transfer. Because of these
features, we developed the CMP films as versatile platforms for chemo- and biosensing. The
CMP sensors feature excellent selectivity, rapid response, and high sensitivity, discriminate
electron-rich and electron-poor arenes through fluorescence on/off sensing, and selectively detect
oxidative ions by redox-induced fluorescence quenching. The films function as label-free sensors
for the highly sensitive detection of biologically important dopamine and HOCI species. Given
the structural diversity and flexibility of CMPs, we anticipate the emergence of an exciting field
in designing CMP films, which would significantly expand the potential of CMPs for

applications.



AR 3)
(Separate Form 3)
Bt XOFEEMROEE
Summary of the results of the doctoral thesis screening

R X TlX, Frardlthalas s FolREEER LT, BHROSFRB
KO 2 X —= 2RI LW A EAEEE S O AR ATV, R BEae o B0
W L7,

FoEEF2RLEDIFBIOEESLAES D FIZEE L T, Xt R & X
U, THNETOHRRKIE., T A, fEFER, BEF#EIC O W TR L
ThodH, F_E2FIAIVEATHEMSE LEZ2KRTEY FEAERL. 1 &kRTTF v v
FINEKHECFEMT S FEOBRBIZOVWTHRLTWS, F v o R EEHEID
MATOHIEREOHEERLLOZOEZHE T LI ETHRAR 2R LET 26
L., COMMAEREZMFT LT, TORE., BRREMEHM CCOMLEAERNEL <M L
L., WEHET CORBEEN20 wt% s W I) EWAERLZERLEZ, b2, BL
RUBRT I VEEBALL 2RILE S T, BREOR EZ2RWE LT,
KIFEEN 7 EDOPER AT A (CO2 15 wt%; N2 85 wth) Z AW/ I 21— 3
Y CIE, CONABIRMENI0ZHE LT, TNUDHLD2RILED FIEARSIZCO%
BHEHL, A3V X —THVELHAHACTCE2/RME2RLEDEYEDL, 2D
R 2WICE T FIXCO N - WEiRE = AT 2 ENT-ZAME THDH Z & &)
WTERA LT, FouTAKSZAER S FOLIBELHI L, @B/ ki1
DOREEHI I X OHEERBICOWTRE L TWD, AEA Y ZILED 2 A
L. RITVTULF IR T2 ZHICHNBIEL FEEZHEEA L, ZHLICHNE SN
72N T BRI A AR 2 T ) A—FLDNRT UL (0) OFEETH
HTEEEEZIEDE, TR FIIZABKICEIVREREIN, RENSBEHINT
WL, R ORmEFEEEZRRIBIZSIEHT I ENTEHIMELRS>TND,
R L2 DRFB-REMEORICZHANT, ZOEEEZ BRI LT-, T 0%,
BAR- HIH ISR - RS, Stille S SIZxt LT, KEBE L 45 K8
AT LZBNTT U —=nrm I REGHMEIEL, 7 A0y 7D v 7 )i Z& IR
REISHBE L, 2o OfMBLII@MEICEI X, MMEEEEZ RS- F £ HH
HTHZ2eRnTEs, 3 2bb, AZILET T ICREES N T-&B T /71X
EROGE - EIERME - BRI HEZ M T OENTME TS D L E R W LT,
FNEIIAEHZ LG D TOEKREZGKRT 2 FEZHE L, 2oREBLIOVE S
VUKL OVWTRERLTWS, TNETICAKEZILE S FIXTREDOEK L
LCHHATAEKRINTBY, BREMKZ2EMIEEZR-825 2 &N KNEELRHRET
bHolo, ZTNICH LT, AKX TIIEMEAZHIBEL TITXDHE /) ~— &5
L, EAmICBT2EAICEY ZAMEEHES S T EBEOER FIEEZBEE L,
BonlrEFRZAERITIEVEILEBNEZA L, DEARNFEEFBH
ZRlEEZILT, ZHICWRVIAENTZTFA My I L TENRZ® BV
TiE R Lz, FAEEFIEKFEF LD ERBAIZONWTREL TWVD,

UbED X5z, KamX T, i ilEaleans roRBzBEHRLT, £
A rBEBFRERERWTGEE v THRE. &) )/ Mok F o 22 TR AL ST
IZ X DR RE 72 A RN L, B, ZAREZHIE L CTHo< 5 FiEE
L., fix OFREELZFRITHEVICEATLIZLEEZAEICL, AR DOBERRH



(G 3)
(Separate Form 3)

[ COr Wl T 2L AME D T ORI LT, kxR AMELIL D TDOE
e T OEMHEZBL T, 7 FRF 2T 2 ETHEERX-X LR 25
HLOWAEMERZAHLZZ LT, EEMICLEWKEOHIETH D & HE
T& %, UEOHBICEY, FEAZERITHBERXAE L (B%) oRE5I2E
ToLER -ETHE L,



