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Abstract

Coval ent organic framewor ks ( COFs) are <cry:

organic building blocks |Iinked by covalent b
and tunable porosity. Il nitially introduced
structur al accuracy with chemical adaptabil
di mensi ons, shapes, and electronic character
separandomyrug delivery. A range of bondi ng
i mi nb&ke,t oenami nes, hydrazones, polyi mi des, a
control over stability and functionality, v
mi cr cavaviest ed, l onot her mal , and mechanochemi
Among t helsienkeidmi Q@F s, formed via Schiff bas:¢

significant attention due tortdhesiymtdtersucst.ur a

Promi sing strategies to tailor the str-uctur e
synt pesiyat daedi bnydodiifdi c agy rotnlset iPo emodi fi cati on
the monomers or adjusting reaction condition

over topology, p 0 Fsoysnitthye t iacn dmosdti afbiiclaitti yo.n Peonsatl

new chemical fud#fiorimemalCiOtFises oiffiteos i mge access
or I mpossible to achi edwert dr anoglh f d c apeoctdo N s Yy
approaches i n which guest components ar e [
synt hesi s, enabling simultaneous tunTimigs of
thesis presents a baynmnpewtyanwved it enypatiifd rc adfi o
strategi es. The first part of thesymeletsi ¢
functionaNj XKaNNdNN-D pthreynly( I st-ant hrh\-baseA)
COF s, denAXed Xas W, cl, Br, ) . The s-econd

synthetic mad ihfi io ghdatesire@n s C QH, C obnesnt zreupclt4dely f r or
di t hi-@ pdiemmear bo x(aBDdaephhdy o4& d ami ne functionali ze
(1, IiNg@Ba@iNNophenyl et,hyledrea)r éfdETIAGA )aas mMRDRDT at er
its catal ytTihce ptehrifrodr npaaxgié ldinCéhsh p me di Bipc 8tDITon
ETTA ,CO&Fi med at co-mtndoletnreagmyf €s bbahageor .



Foll owing this conceptual l' ine of -sgeehethcg
singttem functi oA-dAl COBS1I oANnDhAT &creineeh ibsuialndienlge
with versatile photophysical characteristics
optoelectronically active COFs. -pbattoboduociorfg

anthracene core prior to framework formatio

enabling systematic investigations of how su
domai n si ze, and optoel ectronic behavi or.

compl emented by theoretical model ing, reveal
framework morphol ogy, and optical -sestplhatic
si ngttem modi fication as a strategy for tuni.
fundament al undeipgtogpreditryg refl agti omsthumpes i n f
platform for their rational design toward ap

Chapter 4 buil ds on t he prevsymntsheworck han
functionali zgtuesh BhteAts@doss.tat3am ghhedi f i cat i
t he peripher al ant hracene rings all ow subt
el ectrostatieasdsarmgtliuemch elga GiOomr.ptExme rmemerrutr
s h o wiehdalthalogenfunctionalized COFs exhibit significantly higher €@ptake and
increased isosteric heats of adsorption compared tondndunctionalized W-A-H COFE

Computational modeling identified two main
trigonal pores between anthracene units. Ha l
but i nfholdeacesgi onsbtihnadti negn,h awnicteh dnht er acti or
the order I > Br > CI . The combination of f
crystall i niAtBy raediuletvs nigjgupWakbi gliast e @Dit ndhionvg
si ngttemsypymehetic functionalization can tail or

finene adsorption sitegueaesd optemacei €O&Fs ff o

Chapter 5 pegsehesi @a mpoditfi cati on strategy

conversion is employed to tune the interfac
ETTA) . Conversion of I mine to amide |inkage
di stinct protonation behaviors, as confir me:

di r eecstist ui nPt photodeponkteidonCOFT hyi eil misneuni f



nanoparticlesli whedeCORef ammnsgdel arger P-t part
transport antenna, enhancing clhhargal be phgrda tc

evolution, achieving a 300 % increase in pho

Sectiiom tHtbhiedesbapbes compl ementary mechani st
i nmhe Dbmsed CEBGHTBDTTransmormssmioar edeacpgy 1| mage
homogeneous distribution of Pt particles wi
deposited particles replicate the COF strucH
pores. Experi ment al observations suggest tha
process requiring both photoexcitation and a
BDT wunit serving as active sites for hol e
coordinating and reducing the Pt precursor.
provided valuable mechanistic insight and i
conversion as a strategy to modul ate COF pho
posynthetic modul ation of surface charge an
together offer a powerful approach to contr

versatility of COFs in photocatalysis.

Finally, Chabbbreimo di feixpdtoirers sSETBA e@QQF,off otchues i
doping with carbon-ddotsedCDphot Mi cano w@B&e we
i ncorporated i ngot thyentChOFsiisn, aenoanbel i ng preci
rati o. Structur al and optoelectoadingcfbavach
i nteraction mechanism between the two compor
interfacial cont act promotes <charge transfe
both COF and CDs and accelerated exciton de
above), reduced contact favors F°rster reson
COF photoluminescence. The study shows how ¢
of c-haanrdg eetnreamgyf er eaéeé hwawnwsi ngGé provide fund
strupgtaperty relat-E0mMAhCPBE/ CDhstbemB®Ii t es, [

of multifunctional materials for photocataly



In conclusion, this thesis has been focused on the functionalization strategies dinkade
COFs employing prsynthetic, postsynthetic and hybridnodification strategies to tailor
structural, optoelectronic, and interfacial properties for enhanced gas sorption and
photocatalysis. Singlatom halogenation, linkage conversion, Pt and carbon dot incorporation
were employed to systematically investigate and control local electrostatics, adsorption
behavior, photodeposition mechanisms, and chasyel energyransfer pathways. These
studies provide fundamental insights into strucfun@perty relationships in COFs and
demonstrate versatile strategies for tuning their functionality, highlighting their potential for

applications in gas capture, photocatalysis, and optoelectronic applications.
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Introduction

1.l ntroduction

Porous substances have become essenti al i n
crystalline microporous materials known for
high surface area, uni form porosity, and int
and widely applied today, whether in the pet
catalyzing chemical reactions, or i n housetl
sof tkhnifbndgdi ti on to zeolites, other highly pol
silica or met al oxi des, along with porous ca
insulators, of3fTher exnemgy vet araqeg. of potenti
vi abhdwd yo inspired research into novel nano
organic podpypmgmer megbal d materi al s, and porc
materials that demonstrate a hguwrhfaatesys ean o
accurately defined pore sizes. By integratir
these materials, a broad spectrum of4 phybeca
foll owing sections, t-woe tead @ &dnicd aksa&me vodr knsa t

organic famaemecvos &sssed.

1.1. Met-at ganic framewor ks ( MOFs)

Me t-aarlgani c frameworks (MOFs) are a class of ¢

ions or clusters l i nked with o,rggwbar -|tigraee
di mensional structures. Their architecture <c
all owing precise control over properties suc
Uni gque characteristics |ike high tunability,

areas make MOFs promising candidates for %
separation, caftllysis, and sensing.
1.11. Di scovery and devel opment

The first -onrogtaanbilce fmeatnaelwo r-% & n(dMAF ke yr e HKE P D r t
i n 189680, ai mMenchmark i n the field-1lof cHM@PPper

1
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paddl|l ewheel secondary bui I|-bdeinnzge nuentirti sc aarrbeo xlyil re
creat€ei mbneeonal por oFuisgud)ebi tn stoHmtt awwittsh MO
chemical ©0oBDNC)R2MFRHCI ), where BDC refers to

DMF denotes dimethyl foOmamiudd,eriss cmadecuedo
BDC | iFikgedk2se (

uctur el GURKIA RO npol ymer framewor k vi

Fi gulL&tr
the [100] direction, showing nanochannel s wi
fromeG@HB8iIl Copyright 1999 American Association
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Figua28tructurb5 sohowWFasetZmhedra (blue polyhe
di carboxylate |inkers (O: red and C: bl ack)
with permi ssitdi€bfprysmghaye@007 American Chemic

These substances demonstrate significant por
gas separation, storage, catal ysi s, sensing,

been greatly shaped by Yaghi's contribution

di scipline of reticular chemistry and the mo
novel porous mateghaltson of their pioneerin
Kitagawa, and Richard Robson were .awarded th

112. Synt hesis methods

The synthesis of MOFs has progressed remarka
i ntroduced to i mpr-bvieendleiimesssc,al amd | us gbi leick
di stinct benefits and obstacl es, adding to
synthesis methods are discussed bel ow.

T Solvother mallhi sy mehesids.i nvol ves reacting n
in a solvent under elevated temperatures
highly wversatile, of fering control over
reaction conditions. However, it typical/l
toxic bl vents.
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l onot her maThsgnshweshesi s utilizes ionic |
l onic |iquids adtal ascicagabgenhss, chadge em
introduction of i1 ons into the cavities of

guiding the structure of the framewor k,

MOFs featuring particul ar chiral anions.
temperature range and structur al directin
structures wi t h uni que properties. Howev
availability and cost of suitable ionic I
and recycling thebk¥ | iquids after synthes

El ectrochemi Tal sgynhbdeisze. MOFs on the de

el ectrochemical teé¢hthiques can be employe

0 Anodic diTshseol diits Dml.uti on of a met al ano
containing organic |linkers. The met al [
organic linkétd to form MOFs.

0 Reductive elMdMetalosyonhsheare. reduced at t

of organic linkers, |1éd8ding to the for m:
U0 Electropdpoeitti @dms process i nvol ves t h o
particl es (met al i ons and organic I i nKk
electrode, where thld§l deposit and form |
0 Gal vanic dilsiplgaaclevmaennitc. di spl acement , an

contacts a solution containing more nob|
reduction potentials drives the reduct.i
the active met al i's oxidized and suppli
el ectrodeposition, no external vol tage

can also serve as metldd 'S ources for MOF

The key advantages of el ectrochemical

synthesis ti mes, precise control over th
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t hickness and mor phol ogy through adjust:H

reaction conditions, which are particul a
of sensitive components. The challenges i
anode erosion, electrolyte issues affect
anodes, and di fficulties i n mai nt aining

denslitt]li es

T Mechanochemicdleclaymdhleesmisc al synt hesi s [
reactants together, without any or j ust
sol vent, thus promoting the formation ol
precursors with | ow soéfufbiidiigryt . anidowesvet

l'imitation is scal atbiddughpuats,[tthdlilch tymoc

1 Microwave-assisted synthesis. This method used uses electromagnetic waves to
rapidly and directly heat reactants, enabling fast and efficient MOF crystallization. It
offers shorter reaction times, higher yields, smaller particle sizes, and better control
over crystal quality compared to conventional heating. Microwave synthesis is also
useful for defect engineering and gragale production. However, it can face
challenges with reproducibility, limited scalability, and requires specialized

equipmentt”19:20]

Due to their diverse synthesis methods and p

| arge surface area, MOF s have already been
pol lutionl?!edlsdisbkdicddhid,e slén.s’Pomge i ma@jnert he ar ea
MOFs is the difficulty of ensuring chemical
acidic, basic, anld®" ®&Hiuebdons semeinioe stamaisrd r e
applications. Ongoing research and the deve
stability show promise and have already re:

enhanced resistané®¥!to severe conditions.
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12. Coval ent organic frameworks (COFs)

Coval ent organic frameworks (COFs) are a cl
constructed from organic building blocks I

Yaght . ai nl32d000Fs, represented a significant a

crystal-limleedrpslsy mewaor.k efYragg hs u @amas ccfoul | 'y achi
COH and-5 CORrough t he reacti owi toH ipthie dn lly fl al
hexahydroxytriphenyl ene, thus addressing a ¢

chemi sFrgad)eee

COFs possess a wide range of valuable characteristics, including:

1 Stability. Thanks to their covalent bonding, COfandemonstrate significantly greater
thermal and chemical stability compared to the regahd coordination bonds found in
MOFs!3]

1 High surface area and porosity The large internal surface area and porosity of COFs
offer abundant space for interactions with guest molecules. This makes them especially
effective for applications such as gas storage, catalysis, and drug delivery, where surface

interactions are cruci&*s®

1 Low density. Composed primarily of light elements such as carbon, nitrogen, hydrogen,
and sulfur, COFs are inherently low in density. This feature, along with the absence of
metal ionscanenhance their biocompatibility and reduce toxicity, making tpetantial
candidatesor biomedical applications like drug delivery and cancer thelf&py.

1 High crystallinity . The weltordered, crystalline structure of COFs supports applications
that rely on precise molecular alignment, such as sensing, optoelectronics, catalysis and

separation technologiés!
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a)
ij oB/ © :o \ : ™ : | ‘9. |
Moottt &\ \Q\ &
@ COF-1 <) \’&\' ““:‘
S =
b)

Figa3@ondensation reactions of DBloraomd cHha)ci GQGF
Adapted with peremilé&€opnrifghtm ZGA® American
Advancement of Science.

l21.Linkage types

COFs can be connected through various I i nk;
functional charact er isdtni cCQFksd dilee nsaen te ctt h atn  iorf
their photophysical properties, catalytic p
durability. This variety in |inkage c¢chemi st
functionalities suitadle for a range of appl

Many wisdeed yl i nkages of TEDFle &ahe mapeentedofn
boroxine, boronat e, i mi de, i mi ne, al kene, h y
obtained thr(esdghbadienygectbl&@andynthetic routes f

7



few | inkage

t hat

types (such as

rout es, i s,
bl e

n0.det ai | i n

i nvol ving irrever si

di scussed i

ami ne,

Introduction

throughsyYynthkagezednverBaeohi
reamit dend.i niSpeei fcioma

Secti on

Table 1.1. Differenttypesof COF inkagesand their common synthetic routes.

Linkage type

Reaction ¢

ne, -Oboronat e

o o
—d == ./ \

o \_ ./
\

OH HO 0
R—J + 4__.5 R—B< :@
\DH HO =

Bor oxi

Setbndensa
boronic aci
boroxine ri
ceondensa
boroni c af
catechol s
boronate

| i nkl&dgles

Polyimi)de (C
R

. 0 o r|4 Con_densati

0 0 acid anhyd

I i [ )

S - ami no I[gflo
|l mi ne (C=N)

o Schi ff base

/ Ri——N bet ween an

R——NH, + RZ—C/ —_— \ - al deh3$%d e s

ami de,



Introduction

o}

+ R
R1)J\/\OH 2

1

o]
—_—
NHQ — )l\/\ R2
. F -
H

Al kene (C=C)

Knoevena
0 NC condensat.i
/ al debydst i
R4 C/ - Rz/\CN 4__5 — monomer an
. 1 containing*y

Hydrazine (C=N)
Condensat
o) NH, 0 R hydrazine -w
containing
NH * Rz_// 4——)\/“‘\/% such as al
, \ © N ket dhés.
Schiff base
Ketonenawwi ne (C bet ween an
carbonyl ¢
The result

l i nkages t
i ever-s# bt
t omeri zg
a bst a
oenam

r
u
t
k
S ulc*€lur

0]
et
tr

rR——CN

Triazine (C=N)

R

)\\ )\
R N R

Cyclotri me
cyanmnt aif
monomé¥ls .




Introduction

Linkage con
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Ry——NH l i nkage to
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Ami deN)( C
Linkage con
prseynt hesi z
R,—NH l inkage to

2
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Thiaz&he (C

Linkage con
prseynt hesi z

RZ l inkage to
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COFs can typically be synthesized employing
MOF s , includi nlg!'mbs ol vcavhdriés?maidao,n ot h%'r Yadld,

me c h an o ¢ héethéilcchanli ques. Of all the techniques,
most frequently used melhdooed fOOFS hewlioomaarn
of this thesis. General ly, these reactions

designated organic solvents accompanied by ¢
catalyst. The role of acetic acid is <crucial

aldehyde, increasing tetseehecteophilici®hytan
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This nucleophilic attackFiigni4yei awlkisch hpr Gcde d
the formation of the imine (C=N) pdnd, accom
o]
CHS—C// R 2
\OH HIOT\ ) H H;0

H

R, \

R4 \ (}OF—C/ H

/!;‘-~.C3~/A__> /l:-::%H — /CH\(’;?\{\R = H/U C\N——Rz _A Fi/C\N/Rz
¢ H R4 :

H

! /

Figure 1.4. Mechanism of &hiff base (imine) formation.

A key factor in achieving h(isgh goarvyesytda Ibllien irteye
during synthesis. This reversibifieppiall ewsab
the formation of hiS%Nwvlnyetdred ersesd fhri grhe warykss .al
systoennfspr med via reversible |Iinkagénr axaabpt
previously mentioned l4wRadgeptomvercrsi oeasti a
al so yioelderwel ICOFs.

122. Di fferent topol ogi es

Topolredgyr sedo mettrhiec garrangement and connect i\

withinendzd exftrZaihewar D COFs, | ayer splaanee f o
coval ent | inka’'geisntaenrda csttiaocnkse do etiveeen pl anar s
buil ding units are covalently connected in a

The primary focus of (Tyipscahesiopolwagi oal 2de
COFs include "C2 + C2," "C2 + C€C3," "C3 + C:
(FigaBe I n the odfes2ynC@®Fso,ceists i s essential to
and geofmettrhye buil di ng uni ts but al so their
potenti al st aedkiimmegn smmdchead CfOFtswd ncl ude | ayer
| ayered staggrardlomltyacdkii gr der ed st Poanidreg, a
X-r ay di fRXRptat oer (s of these stacked conf i ¢
computed using Matef tadh owsthygdifmrs dfhtewadreet,er m
probable structure of 2D COFs by <comparing
experi mdhx 44 %dat a.
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44—
—— b tetragonal

hexagonal

hexagonal /
X + .- star-pore
-( + - —
hexagonal rhomblc
NS
NSNS
+ + - > + - —_—— . - - -
tetragonal FN/ /N "
- - - trigonal
£ R AN

Figure 1.5. Different topological structures @D COFs.Adapted with permission from Lohse
et al®¥ Copyright 2018 WileyVCH.

13. From mol ecul e to material: aligning buil di
Choosing building blocks for COFs is an im
properties of the building blocks such as ge
play a critical role in determining the fra
potential for specific applications.

T Rigi.diRiygid building blocks are typicall
defined geometric arrangement within the
highly crystalli-defisneldf@heres.| wimihedelln:
flexibility ensures correct bonding or i

supporting ordereld®framework formation.

T Flexibsebntyast to rigidity, flexibility i
single bonds, all owing free rotation wit
i mparts uni gque properties, such as breat
contraction, enabling the formati dh* &% dy

12



Introduction

For example, flexible frameworks can swit

stimuli such as guest mbli%tcul es, pressure

Ext endednj uglat ypncal Byonguevrol aeomati c syst

connected conjugated units. Such systems
propestclks,as tbramidreqa p.t G Ehi s i s especiall
apptiacas |l i ke photocatalysi s, where tuni

enhancing photocldt&llytic performance.

Fl uoreddhemsc isatsurreongly i-obhpyegegdedyot he

buil ding/hemi 1 uorescent building blocks a
ability can be transferred to the extend
are cudratrily promi sing for sensing applicat

and selectivity towdfidnspeméfcasesayrgehi smo
a selecoite Ttuobnescence response, enabl
changes ih% &%i ssion

El ectrolatctretiheeps | 1 6y to conduct, store or
extended polymeritiineo wipork amff elOFst.r oact
bl otkso iCOFghly beapgliicd atl i efmagra nsiucc He tdesc t r «
i ncluding photodetector s,-emihtottiovg |l diaodes

as well as for enéktlghessopageapapiliacmasi on

Quadrupol e. clpairspetrery ardispoderfcaml g spmmet

di stribution within a system. I n COFs, tr
el ectrostatic potenti al across the frame\
possible to influence how gas mol ecul es
material's pores. Such control i's essent.i
uptake, where the |l ocal electrostati® env
I n the foll owinghtsetheompmshteaiver shiiglbdiinfgorb !l oc
constructing navel C6A@ptesits udt uarneds 4, this b
synthesize multifunctional COFs.with novel s
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1.31. Ant hrazemel ti functional buil ding bl ock
Ant hracene 1 s a polycyclic aromatic hydrocar
Ant hracekerows fWwetlits fluorescence propertie

organic el e®OLEDsi oy wvichuads zati on anld’®anal vy:
Another interesting pbhoperygnerfatasntdhirmerneup
which constitutes one of the ol dreisg d.68ed’% u me n 1
Di meri zation repres@dntmera cawerialdli ¢ yr eadti @
revert t o t heir original ant hracene config
ant hracene molecule exhibits a highly conj
experience a | oss of conjugation in the <ce
modi fies the electronic characteristics of t
and charge tr abf'Bpios tdicatpiabétliive esehavior ren

candidate for a various applications 5%ch as

OO hv, Q’rﬂ

+ ———

OO ™R

Fi guBAnt hracene di merization reacti enl®Repri
Copyright 2019 EIl sevier.

Ant hracene is also wel/l known for its high r
10 positions), while the outer [ fldes hiygph c
reactivity at these positions is often expl
groups. This behavior is especially ev-ident

Al der and photocy&I'®hddiutniden | yeagtirems.on | i
stru<cstpwercd fical |l y, -etlheec tdiosntsr iabcuwtoisosn tohfe mo |l e c |
rings ar e ldeuses troe alcawevr el ectron density anc

throughout®?t $é system.
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a

132. 1l ncorporation of anthracene into COF
Ant hr-hasbauwdi | di nhga vbel obcekesn wi dely expl ored in
of applicat B ensanndg mbarigundtii mgf**ldBeavsiecde son t hi s
ant hracene has also become an increasingly

r

t

S

Bel ow we present sebhasad CGhPDrtwhlenatharmncens

ant hracene have enabled the devel opment of f
T Phot otatap !l iTchaet | eoxntsenrdjewdgat ed system of a
centr al role in ephaekpongpéehecensteThal DBr e
benzene rings of anthracene form a |l ong ¢

absorpti bb,agldpwermasndt i mproves charge trans|

are particularly benefi ¢?P% A%A oresmHdt o caanttah

based COFs <can efficiently harvest | i ght
mobilmtgddi ti onjtanthnaseneeuas effective
stronhignt er dcfiegnungd)e which facilitate the i

compl exes and consequently @®rwyhamcoemop h mmtgo c

efifemt charge transfer, broadening the 1lig

reaction'dat hways

|
% s oy
H
%
S Z HN.
H
(Eb n-1 interaction \*\N P~ %\
923

) |
HN’ //. N - ‘
(S§ 0+H,0 - %)i/ ;
] e H,0, L .
O/ L Photocatalytic
;E?; ""‘%:‘202 production
» oM H

S A N#/\

Xx
S 3, 000"
J X N
¢ \ H
> \
\

| DaTp+RuX '

Figure 1.7. Preparatiorof anthracendoased COFs (DaTp) with ruthenium complexes (RuX)
for photocatalytic HO2 production. Reprinted with permission from Jiagtgal!*°t! Copyright
2024 American Chemical Society.
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T Sensapgl i cd8thieonpl anar structure of 'i"ant hr a
i nteractions wi t h target anal ytes, per mi
el evated sel excdnsviing dpfdldicmme emssi ng per f ¢
further augmented t hanks t o ant hracene'
photodi meri zatdédacryctl praddgh i @an[ nechani,sm up:«
which temporarily quenches flué¢sésgamee a

18)1% | n addition to fluorescence switching.

notabl e alterVatsi osmbssoirnpttitoen WYypectr a, whi c|
optical signal for sensing or for W&hservi
These combined attiiabretde sCORak eni @rtl lyr ascue n es
reusabl ecoandollligght sensing systems, wi t h
optoelectronic and synaptic applications.

4 5 hv 7 o
a3 it o =

An Ancp

Side view

Figure 1.8. Reversible photodimerization of anthracene unit in anthrabesed COF upon
light exposure causes interruption of the conjugated system. Adapted with permission from
Huanget all*%® Copyright 2015 WileyvVCH.

T Structurdhetspahngal arrangement of anthr ac
the dimensionality of the final Imatseormeal
framewor ks, anthracene units are oriented

steric hindrance that preventd oegxnads oinv e fl
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COF st r(usc&eug ®é'°Ylhis vertical alignment

n

growth but can also contribute to fluoresc

the ©planar eclipsed stacking of ant hracen
which is essamttitalngfdfilloicleg8®eacki ng mode
structur al stability of the COF while also

Cee % / ‘- d‘
oo | e e
p+ 99 a0 =
wfi; _ P f
00, o8 FU%

PADC 3D-An-COF

Figure 1.9. Synthesis of 3D COF using stally demandinganthracene uniReprinted with
permission from Chenet all'%®! Copyright 2023American Chemical Society.

14. Pr-eynt hetic smodi fication

Presynthetic modifications in COFs involve altering the building blocks or adjusting the
synthesis process before the framework is fully formed. This strategy is fundamental in COF
chemistry as it enables the design of frameworks with tailored functionalities that are often not
achievable through direct synthesis or pogithetic modifications. A key approach is the

incorporation of heteroatoms into the building blocks prior to framework assembly.

The introduction of heteroatoms must be carefully controlled to avoid undesirable reactions that
could compromise the building blocks or the final COF structure. This requires a thorough
understanding of the chemical reactivity of the selected heteroatoms and the conditions under
which the COF is synthesized. Ensuring the compatibility of heteroatoms with the synthesis
environment is essential, as their influence on the stability and integrity of the framework can

be significant!®”]
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When thoughtfully chosen, heteroatoms can introduce active sites for catalysis, enhance
interactions with guest molecules, and improve the overall functional performance of the
COF[%l |n the following sections, we present the incorporation of halogens as heteroatoms

into the COF structure, which served as the main strategy in Chapters 3 and 4 of this thesis.
141. Hal ogen fukRkOFsohé&tt g eadn functional perf

Halogen functionalization for the building blocks that are further used for COF synthesis is one
of the most promising strategies to modulate final properties of the COFs and to broaden their
applications. While typical elementd COF structurs are carbon, nitrogen, hydrogen, sulfur

and oxygen, incorporation of unusual strongly electronegative atoms such as halogens can
significantly influence the electronic properties and reactivity of the building blocks, allowing

for tailored interactions within the COF framework.

Here we elaborate dew aspects demonstratirthe impact ofhalogen functionalization of
COFs:

1 Electronic properties tuning. The incorporation of halogen atoms can generate active
sites within the COF framework and modify the band struclthis is advantageous in
chemical reactions where COFs are used as catalysts, as the presence of halogens can
promote electron transfer mechanisms and elevate performance in applications such as

photocatalysiswhere effective light absorption and emission are criféfa!

1 Increased stability. Halogen functionalization can enhance the chemical stability of
COFs.The high electronegativity of halogen atqmepecifically fluorinejincreases the
hydrophobicity of COFs by reducing surface tensidhis improves their stabilityin
harsha g u e ahenscal environments, including acidic and alkaline conditidfs.
Additionally, halogen bonding promotes denser molecular packing, further enhancing
chemical and thermal resistanaich is an important advantage for applications in

extreme conditiong&23!

T I'ntermol ecul aHaliongteenr afcu n otnisanal i zati on <ca

properties of COFs by strengthening inter
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hal ogen at oms modi fi escrsaadiate tchhar mat er
capture spechy i ¢ ntmoderecatliesn of . Taldidg t i e n ¢

particularly valuable for %84 storage and

142. El ectr one.@@datoimvict ysiwvzse

In the context of halogen atom categories, thdiiedint electronegativities and atomic sizes

can result in distinct characteristicshaflogenrcontainingCOFs.

The most electronegative halogen, fluorine, frequently demonstrates superior efficacy owing to

its capability toefficiently modulate electronicstructure which is particularly useful for
photocatalytic and electrochemical applicatiBh!'®A good exampl e &6 t he
all'*™%ho synthesized COFs functi omrad mizegurw t h
l118)and evaluated the®'redudipird@ogai&@)yhtd ¢ Cr
fluorinated COF showed the highest activity,
trend (Br < ClI < F), which gener dtiegdl.1r@gr e ne
and i mproved charge separation. Toget her, t h

ef f i@Pipehnott or educti on.
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a)
| EtOH/DCB ¢ | EtoH/DCB " | EtoH/IDCB
OHCQCW 6M AcOH aHo €HOl 6M AcOH e M9 6M AcOH
(5:5:1) o (5:5:1) (5:5:1)
aoo @ @
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R LN e ¥ ® 0 ®
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b) TAPP-2F TAPP-2CI TAPP-2Br C)
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PP PP iPd
.;:.‘t ;";u.-.,.‘\ .“‘._;g‘ ;z,; S :.,;t ;“::"“}Q" ﬁr-z.
LUMO ¢ 4l vl s —
' * 19 =
2 -2.54 eV -2.55 eV -2.54 eV 2 o-
2 : 4
-4 2.59 eV 2.57 eV 2.58 eV = 1
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«-».(: g SR »(. g 2o n s ».Jh: :Tp-c'--.{‘:: 4-
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Figure 1.10. (a) Synthesis and chemical structures of haldgentionalized COFs:
fluorinated(TAPP2F), chlorinated (TAPRCI), and brominated (TARPEBr). (b) Energy gaps

of the HUMO/LUMO for TAPR2F, TAPR2CI and TAPP2Br. (c) Schematic illustration of

the photoreduction of €rto CP*. by TAPR2F. Adapted with permission from Cat al*1%

Copyright 2024 Elsevier.

However, in certain cases, the incorporation
moraed vant.dlgernafsef er e choosiing migloet tol ackoongseind e r
specific applicat i oWhileadlnodne flirctoonatizatidn nay ampldyr t | e s

electronwithdrawing effect$!*¥*?h a| ogens with higher polariza
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str

i nt

sor
attributed fCHinhhersctoowmgesatmohg the tested

rel at ed'?frtaundi telse same group-soompfiiom tathéiaiup

hal ogen at oms compared t o smal |l er ones

comprehensive explanations of the interac

nger hal ogen bonding capabilities, whi

0
e

with double halogen substitutions (chlorine,
Y

c

tion performance. The iodinated COF demo

rmol ecul ar interactions epllédfdyatbegnzedc €

h a

(1
ti

mol ecules remain unexpl ored. kibemrasiholeawhicht her

was alreadypas been wel |l char act efli2@lendtydtin CBFdsp r a mo |

worth toconsider.

The O-hole concept is a fundamental principle in chemistry that describes a low electron
density region that exists along the extension of a covalent bond, particularholecules
containing electronegative atoms such as halogensl-hioée is generated by the polarization

of electron density towards the electronegative atom, creating a positive eleficdant
area® The characteristics of thizhole are significantly impaetd by the atomic number of
the halogei®?® Bromine and iodine, being heavier halogens, display more pronotruads
compared to lighter halogens like chlorf&! Fluorine is frequently regarded as an exception
among halogens concerning the formationi-tiles Due to fluorineobs
small atomic size, and considerablehgoridization, it often leads to an influx of electronic

charge that neutralizes tiiehole, resulting in its absenc&®

An important facet regarding thé-hole is its capacity to participate in naovalent
interactions such as halogen bond{fgi g d.t ¥ In this type of bonding, thé-hole in the
halogen atom acts as an electrophile and interacts with eleathosites(nucleophiles)*?”
Exampl es of n u c-¢leetmns lofi uhsatgrated systdms, cdhe@gatively charged ions
or lone pairon atoms such as nitrogen, oxygen, and st#fGt?®! Halogen bonding typically

occurs along the X axis (where X is a halogen atom), which predicts a-d@&free angle;

hi

however, studies have already demonstrated that variations of the angle can also

occurli?z4.129,130]
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180°

)-L--:N

X : halogen

': o-hole (5+)

N : nucleophile (5-)

= : non-covalent interaction

Figure 1.11. &-holeinteracting with a nucleophile via namvalent bonding.

15 Postynt hetic modifications

Posynthetic modification of COFs is an i mpo
functionalities, modul ating theinr ppmplpecdt ies
beyond the ini-modifisyattihers esapp&twedghensetsadc hu:

i ntegration into(flhe poalaynérri c vstar phtodroa e p o s
or el ectrochemandl cmeni €Eaktatiram)sf ormati on o

section summamozdedicavemal spoat egi es empl oye

151. Linkage conversion

Posynthetic |inkage conversion from imine t
popul ar linkage converld9°0ihlt ecmert hod askdwso
properties without changing the overall frai
por déilt vy.

To convert imine bonds into amide bond&e mil
transformation usually occurs at room temper
key to this process is the usel®Nhexédoey algi

car bhéhdrkl KHSO*?°!

The conversion of imine |Iinkages to amide bo
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TEnhanced chemikmildeskadi | COFs have hi ghe

degradation compased Ttounhherparmsnpewhi ch

for applications i n h*&r¥Shhl sc hiemmpircoavl e de nsvtiarb
from the fsdarammdmiedenbohds, which significar
durability of the COFs andemaKkR&’é¢éhem more

T I mproved polarit.ynandddcspgranbokygen ato

through amide formation can markedly inf/l
COFs. cBmiplaeti cul arly beneficial i n proc
effective intermolecular intétatildhls wit
While the transformation of ismivraad athon taangiedse, |t
are obstacles and factors to consider. The s

mu s t be optimized to avoid damage to the CO
Aggressive oxidizing adeéhtAit®dofttiomat egucei ke
po-mbdi ficati on techniques, l i nkage conver si
ar leg . 136,137]

152. Nobel met al i ncorporation

Nobl e metal s, such as gold (Au), pall adi um
COFs to exploit their wunique electronic and
from-owalelr ed COF <chansntealbsi laafzlamewiomb hHhanopart

enhancing their catally®i®lefficiency and reu

The mai n objective of i ntegrating Pt i nto
photocatal ytic activiedudtni aneaand owat erucdhplais

have explored different approaches for Pt in

1T Phot ode pbuwriitngnt he photodeposition react.i
l ight of suitable energy to generBRtE£Il el ec
t o PtThe photogenerated holes wundergo rea

Si ntchkeOF provides both electrons and hol ec
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within the f ruanndeewo rdkp t iHreahlc sc, opnrdoicteisosn sy i el c
evenly di stributed pl atciantuamh y pact isdlteess, f:

produldt® on.

Chemirecdauctinon.hi s appr oiarcthr, oigptlbcadCdOFu mowa & i n
bi pyridine units, whi ch -chhred atvehly BboWwnt ¥
suspension was treatRtdClwatl howihreg Pd o orrdeicrua
the bipyridid‘inenss.i t®wsbsaengduePitt addition of
Pt o metalahiopaPticles. The resulting Pt/ C
catalytic perfor mance i n t he hydr ogen (
simultaneonstyopkeeneld AdéWlctiimn areadtriadr.g
applied in other studies usingtgl fwfheerreent
sodium borohydri d%t os%iPnl hat hgseedased, Pt he
materials were employed in electr-bckhealy

reaclklitdns

El ectrochemical n modi 5i catturmbyc.h aCOFi t wiogle n

conductivity and acid stability was empl
Pl atinum was i ntoPofurceecdu rfsroam vtirae aH mi | d
deposition process in an acidic electroly
the resulting Pt/ COF materi al reveal ed th
i ntermedi at e bet weedn aned alfluil ¢y ploatidnamd (
i ndicating partial reducti on. I n situ ana
formati on oN:caomdistmathican Peanvironwmearptp,orwhi
i nteractions, promoted electron transport
material undef!*3lcidic conditions.

Vacu-asmsi sted IPt tlhiasdi megt hod, Pt nanopart:i

the COF framewersksiwsiteadainacpumnt wet ness
The COF was i mpregnated with a oRalglul at e
foll owed by redArct ao mosumhlere aatslyha®@ heACc

treat ment resulted in the uniform dispers
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The resul ting Pt/ COF composite exhibited
selective reductivyvdeamionaeicéhndat ybamzalkde

1 Facile di dmertshiicen appr oaRthdg!| wdse iPint rppoccaued
COFs simply by exposing the precursor sol

stirring for 12 hours. The COFs were spe
oxygen and nitrogen atoms in their framew
Pt Sspeci es. The resulting Pt exhibited a

pl ati MumandPtoxi di z24d plhaticmamngPparti al
Pt/ COF composite was then employed for p

presence of Pt facilitated!*harge separat
Whil e various synthetic strategies have enab
into COFs and i mproving both catalytic actiyv
hybrid systems often requires a carefully ta

the porous framework of COFs presents sever

control over particle size, di spersi on, and
essential for catalytic applications, where
the interplay between the structural featur
speci es. I n Chapter 5, we introduce a novel
COFs to igni et tiondkee posi ti on of Pt. This metho

pl atinum particles and reveals how surface

evolution performance of Pt/ COF composites.

16. Hybrid modi fications

Apart f-monmd -gpymstthet i c modi fications, t here &
considered hybrid because t hey do not fit
modi fications can be i ntroduced during COF s
of the precursor structures are added togeth
applied tihpoougnetdodnewhich refers to combini

vessel to obtain the depbdDtediectbmpgosail ewmat & e
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to form while the guest component is simulta

component i s carbon dots, which are discusse

16.1. Car bos( Gidp t

Carbon dots (CDs) awenarmevelangmaugrofal car e

10 nanomet eras ,nuanbemrg oofp ttfihcvad r, abelleect r oni c, an
Owing to their strong photoluminescence, hig
CDs ar e excellent teamdi dlatesestencel ohgagi

appli £t fThes r good electrical conductivity
make them suitable for use-r @élnatsedl att *éhealoll g
Additionally, CDs exhibit hi gh water sol ubi
positioning them as promising materials for
bi oi mald@mmgsi dered a gream saelréveer naast iav es, u bGtsi t u
nanomaterials including inorganic quantum d.
wi t hionwto It wixng [ & tdlss .are often dopeduwearitd ini
el ectronegativity, can signifilkaeaadinyg at 6 er mp

fluorescence, quantum yil¥d, and other desir
16.2. Sy ntishemset hods

CD synthesis methods are generally classified asléom or bottorrup, depending on the
carbon courseTop-down methods rely on breaking down bulk carbon materials, whereas
bottomup methods produce CDs through the pyrolysis or carbonization of small organic
molecules. Compared to t@jmwn routes, bottomp strategies offer higher yields, milder
conditions, simpler operation, and easy tunability through precursor selection. As a result, they
are typically more costffective, scalable, and environmentally friendly, making them
preferable for industrial applicatioH$* Belowwe presenthe main synthesis strategies.

T ConventionaPRPyrmpoyglrypydiysiisnvol ves heating pre
pol ymerizati on, and tarbsesniwzatil gn,usfdr Mdiure
short reaction ti me, br oad Gormenopnr es@u r SCOOr s
f otrhpey r ol y siisncpoiataeiscs aci d, gl uc o5’ AAYr mo
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nsumpti on, sl ow or uneven hwhaitc ht rsatnislfler

rsgeal e producti on.

drot hermal / sol vohkerhmalr oméehmds. or s ol

vol ves heating precursors in a sealed
omoting uniform particle formation in (
initropyrend SAjodi uUmdi Qi*$laapproach al l
nversion rates, often simplifying separ
th tailored surface chemistry DbWYnsel ec
ampt aleyodfr ot her mai n MeAhbhoad nat ur &ulsltyero aagur

duced emi ssi on l unfionrogsen a ( CLdJ&lg e n)n t !
hyl enedi amine as the Fmoglddd®uli*Fhegimae i,
mitations of hydrothermal / sol vot her mal

ergy consumption, whi eshc aclaen apepSitirciactti oenfs

crowaggestedMsygno-wesiested synthesis util

I ar mol ecul es wi t h alternating el ectr
| edwelveerl heating. 1t allows UWP?P¥é8klimoheat
ecursors can wutilized to form CDs wusin

ucose, or isopholrléAlre edxanmnsplcey aorag Ri i @D ¢
action Hisgusthego wwhE€DeveNe f or mBPBlsusi mcaar bo
urce under mildPfdweavmaiinm rlaidmiat aoneinst ed
nthesis are the current size restfictio

al e phidtduction.
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Figure 1.12. (a) Preparation of NCDs from citric acid in monoethanolamine via rapid synthesis
at 170 °C. The mechanism incluses polymerization, aromatization, nucleation, and growth.
Adapted with permission from Yat. all**®! Copyright 2015 Royal Society of Chemistry. (b)
Preparation of NCDgrom SA via hydrothermal method. SA and ethylendiamine aqueous
solution formed hydrogel upon addition of <CaAdapted with permission from Wangf.

al.l'>% Copyright 2012 American Chemical Sociefg) Preparation of NCDs from IPDI under
microwave irradiation. The mechanism involves-pelfymerization and condensation of IPDI.
Adapted with permission from Taat. all*®?l Copyright 2016 Royal Society of Chemistry.

163.CDs dc€péed for functional applications

There have already been several successful

functional applications such as:

T Sensapmpd i c.ANtCiDenswer e incorpaeamoatsed u2meld 6t he
trirasmidnopbedaylb)azine ( TAPT) -bJatnhdi @pBdnen
dicarboxaltdehygydeat(dTh rati ometati cWhfihleeor es
COF itself exhibits weak fluorescence, t h
t hrough hydr ogen bondi ng, become encapsu
reduces interl ayeaxffodricads-binine ohsticoo mtgw os e & h
with imprypyvaddsddmmphkirhei opr.%s em@R folfuoQuesce
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guenched while the COF emission is -enhan:t
ondo detectli'®d of copper.

T Phot ocaappl y t.ECairdmosn quantum dots (CQDs) w
TAPTFP COF (bui Htr Fadn(i 40 o p-2e 3y, 6)a zi ne - and
tri hydrokydbemzamdal dehyde) t o enhance [
evolution Tree faddaianicen of CDs can enhance
and decrease t he recombinat thod er gtad r 9 f

i mproving the photocaltl81lytic performance

T Enhanstedtoindalcaineierysg pyr.aNCdDs were incorpor
the COF constiheanzemetromat pd8hydrazide (BT
hol |l olwi keodcompos-ibe batteéiy happhs camni ansd
mat et hal holl ow COF architecture facilita
numbeactofseolLagwhisliet etshe i ntegrated NCDs s
composelteecitsri cal amcdnduaatéinginthyenacti ons Wi
framewogker, these features enhance char
during cycling, enabl ingt erimghpearefvermdrbd ee |
i on bat%fleries.

I n Chapter 6, we introduce a novel method fo
to regulate energy andwkihalhgarder past eculmaercl
applications that rely on controll edanglhot o}

chemical sensing.

17. Phot ocawdi gay®it ureiac n( iHEMR)

Serring as t her gaaedtuicdn oinn hwleERTr emstpdiiltd i nge co
protons (H ) I nt o 2 motl hercoud galr ehlyedcrtorgoem t(rHan s f
achieving the goal of a clean hydoomgevatecon
driven by renewabl e energy sources such as
alternative to conventional hydrogen gener at

fuel reforming and emiktl'®@Bsgni proammtsi ggesnh ar
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hydr egrenenvironmentally fri-pehodtypcandl gtfiiccHEI
extensively stlwudiledd7 2f, o rF ud & acahdnarsa.s tarsgtl eHbfnhtdma
water t o.wgietidlrisPiheceoect rode under ullt®NMbvieol et
ef fi HIEeRntr el i es on photocatalytic systems tha
These systems typically involve a || ight abs
cat all*§5dt ) .

1.71. COFs as photocatalysts for HER

I n 2014 et Ladmohstratedbasedthy €ClO&kzocnaepabl e of
hydrogen production from water under visible
as phot b'®8liatgstéeen, COFs have esfeargeef faiscipe

HER due to their unique structural and funct
T Crystallinity andhet oudttural ainmt e@greidti .t ab
mi ni mize defects and promote efficient <c¢h
for photocatal ytic reactions. Thi s sStr uc
accessible andldptgaomd | ¢x eamplaen giesskt .t HI®] st u
wh o demonstrated t hat i mproving COF cry
photocatalytic performance. I n their work

buil di nd, Blr&cfkosr my | phl ordd cqalmi miorba lp hamd | 4, 4L
was obt ai nterdaduiatcieagnatlheci d catalyst, whil e
using an organic bassi gmitfail gdaretr!l ywhysthaklks
tested in photocatalytic tests, t he more

activity of its |l ess crystalline counterp

T High porosity ardke suryfsaad | amea.porous nat
extensive surface area for catalytic r e
adsoregnd ohidff useaot ants and boosts.lIdVer al
For examel edfkg mmrgt edli me nshircereal COF bui |t
based al dehydebasredl amporp luyri itn l'ts | arge
nm) and high saghf acet iamieme (r2e@dact amt di f f u:
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active site accessibility. eThéree hp @rho ixtpy
porphyrin moieties, resulting in great ph

TunabiThiet ye.l ectronic band structure of CO
degréeonfjugation within their frameworks
l i nkers and bui | ddoingj ubglaotcikosn.i” abbxdi ceknrddegdr e d a
the modul ation of the-l bghtt ghpoapti bnpatdhb
Il i ght harvesting and facilitating effic
prce slstédslg o ek ampl-eomjfugati on tuni negt wedlsl r ep
who synthesized two analogous COFs wusing
trifso(rdmy | bi phenyl )benze@@F,( T&Emd By, 83rd5xfyor m
formyhynyl phenyl )benzeneCOFTHRMBMBBER®MF f or n
featured an ext etnde€dOMP hiemydr penavtoemdkaani ag
| ienrk t hat increased structcuomjlugmltd mar iacyr
framewor k. AXSOFa erxehsiulitt,e dA {bgrhota daebrs ovri pstiibal ne,
optical band gap, and more efficient phot
features enabled significanfAdgitiimpmalvest mp
such as the i nacrcpepprnaotri umidfs, darmonr furthe
charge transfer and i mprove overall c ha
framelWotFrbkx ampobemaceptor designewad®heport
synthesized COFs combining benzothiadi az
triphenyl amine unit sdoasaekfprtadomewo rdko,n otrse
i's mainly |l ocal i ze(dt roinp htethey Wihanh ere ) § e g b &JriMtO:s
on the acCcClkeenonot hiindednisauzroilnegy cl ear spati al

andolks. This arf-ahgemeon ce¢ealtenalsi zati on,
enhanced i ghsi balbesor pti on, and promotes e
separation and transfer, |l eading to sighni

a-s@CpPpported plottkeiopia(ddfyotri chydr ogen product

photocatal ystcatmalby £t med mad gadcrificial el ec

participate to drive the hydrogen ewvatalysh

photocatldlbri e xagwpl'@fsploir i edishte@r por ati on
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i nt o abapsyerden@OF, de&p e ghnkaidcaalicleyn t hyseoxyhg gas
anchor i ndyi rddtcttecsl utsd er p h oatlosdeeapl ousai ttei do nv. a rTihoeuys
(0-55 wt %) to study their i nfl uence on phot o
generally increased with highe3r wRa%% tleora dw migc he
decline was$swbbhisheirsverdedautced per f orlmagrhdiee | vda sn ge

effeattsed by excessive Pt deposition.

Typically, Pt i s introduced in the Ptk m of
HPt ( QH)PBA NPt Bohbhkdweeddultyt i on to metallic pl
SEDs are <cruci al i n photocatalytic systems,

and enable the scavenging of photogenerated
I n &Q@Fpported photocatalytic hydrogen product
ascorbileh)acamd met hanol . The choice of SED
performance and must be tailored to the phot
should donate altedi,gbfnsrat edtiableemtilryt er medi at
with the photldtiat™@ ytic process.
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Pt*

Figuautd8MMechani sm of tshugp pWER eidn pGOFocatal ytic
steps are highlighted in bl ue: 1) Phot on a
ox i daotfi oOMED byl ehootl reesn s fearr ttiod) RRtHmMat i on.

I n general, the overall photocatalytic reacH
cruci al for the efficiesuppootdedtisgnstemshydr

foll ows:

1) Phot on absorption and Wnhdaerrg evicsairbrli e hleiggemte
COF (photocatalyst) absorbs phot omarsd Hhgelne
(H . Phot oexcitedt /HOMOt trongd hmo LdJ MMOr d m v e |

COR e+ * (1.1)

2) Holde i ven oTxhied apphhoothnogener ated holes oxidiz
(SED)I'n the f olHiAowi nogxti @x adrefdlyelr oascor bi c
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di rect leyl ebcyt rtomo t r-ahsetéer oowitaby chabheon of a:
radi cfal as H@endiiantteer( equation 1.2 and equat.i

HA +#Y h H&H? (1.2)

HA+ /A % (1.

3Y)El ectron t rcaantsafFeyrs sttphsdmpenearaores ®Béeéuce
precur $enadi ng matoi Gthtpeorff eealueadl4).6Se c o n d step
phot ogener at edules eqgtireaonndsfyeatnrha@ ®F ftthoess i t u
f or mépdarPtti cl els)5§ equati on

COF()4et¥YPCOF° + (1.4)

COF) e #Y PRPY) (QOF (15)

4) Hof or maVYdlomerd 8t epnvot aesfferhemft He sol uti o
surface, where it is reducldad @ cpu difoirant lains a
i ol l owdkevbyution elitttBquatvii@am THEELDV sky
(equa@soapd.

Pt) e*Y HFHuq (1.6)
PiHaat -FAatd¥ H+ (1.7)
PiHaok *“H ¥ pH | ( B).

1.72. Progr essbasnedCOFhot ocatal ysi s

COFs were first employed f olotpshtoldaelmanhdt gat e
watsetrabl e -hygseadzL®EgUL &Y or HER that achieved
1. mBol*hy 18 his marked a signidaseadt phmitl ecdto
paving the way for the development of COFs

34



Introduction

past decade, COFs have been extensively Ir

applications.

Recent studies have focused on enhancing the

their structural amd 20Rdett YA o ptrod e gt ihe sg.l

efficiency ©bH'u20ng mm&lOFgconstructed from s

donor (triphenylEaemgidid) mMmMbeestesy highlighted
n

i mine |linkage protonation HAusaecdn®aEsD a&womvi ngnimn
photocatal Ptbtonaeacbhoonf the imine |linkages
l ight absorption, promote charge separation,

i mproved photocaMatgtiecertrifypreambhE@ROPBr,t eAd t a
hydrogen evolutidm rWhiel eft Hi. 9 3vanimoe may app
ot her studies, it i st hiemppeerrtfaortmatna@ e e mp@ats a saiczhe
me tfarlee, -haoetodg€OFs with vari gt &)l kaynld olhoaiarb
without the asaital gsc¢e saoalhhiasaBwarbkatt fjéntt end gui n g
role of al kyl chai ns, which acted as an i ns.i
suppressi-mgl eeleecommi nati on within the COF
charge separation and transfer. Overall, th
i n nfertead systems for e n lAa nyceeadr HEaR ep efrrfaoer sniam
approach was furethba®Whdveaaepedt boja s¥ead(Fnd @Erhee n e
1.1dwi th HER ratelhdaf Thed8® mmaldyg i ntroduced e
demonstrating t hat i ncorporating mor e el ec
construcacogpdononarchitectures can efregcti ve
boost photocatalytic effcati@ahgyt. even in the

Meanwhil e, studaeal yontvol bubg iabroducing new
progressed significantl gt .l FPdlke siigsntealn cae, heitner:
composed of a COF and §ri agplltiéfa cchiiceger biomp rne € gii
HER rate oflth27Thimemmolutgtandi ng pemiamamadclei g
harvestiefgf eacbtiilviet yseparati on of charge <carri
COF and CN. A similar heterostetuchl@iivhoappr «
combined a cadmium sulfide (CdS) semiconduct
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siFeing .t ) Their design achieved?!mHERpreifrhad rcii le
e to the rapid cha#Cgleés dartreirdracteransfer at

art cbnemrhuycbtriindg syst ems, anot her promi sin
gineering. A arcectcemiye bayeadmpad®dhi ch hi ghlight
tical i nfluence of both the content and

amewor ks on their pAiog widdd ¢ c tirmoanriecas pn g p enr
corporation waséi dtoanldi ntgo imdtdeud paetteit hres ed rea
ructure, |l eading to Iimproved charge separa

gher nitrogen contentty,liightuytirmawueley en
d

rogen evolution, i | l-luswelatd emgi dimwcdrmargfeft e
ruvgt apaeattiyvity relationship in COFs. Thi s
trogen contento ¢ameleé¢add dt onartewse i n photo
spite t hese not abl e advancement s, sever a
vel opmemas od [ELOFRoIcattdank glay gle carrier mobi | |
ndi ng esmemeglh,artiatnedd st abi l ity in aqueous en
sting conti ntueer m oefrféx<t rerincf® WYWomeg vsecra,l afpri ¢ mit

rategies have emerged to addr-eenj td&tsieon s
troducing heteroatoms or met all!8®mmp lee xtehse
corporat-aoone wtfdrdomMdt it 3% xmoidtiudmt i ng el ement
cdk%flan i mprove charge separation and exci i
versible Ilinkages with more robust coval e
adtiMhtiycch is especi atl HieyE Ri myphoernt a@®F sd uari @ g ¢ ¢
posed to aqueous conditions.
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Py-4NH, Organic solvents
(n-BuOH/o-DCB/AcOH)

( § \_og 3 ko/g‘ .‘,,/a\.‘, Calcination
550 °C, 3h

Urea

IVOH WOHORE-
IVOH WOEIA-0/HONE-1

120°C, 3d

f) &
N' : N x )NlJ"\:JN\
0 TvMTA

o
TFPT
n-BuOH/0-DCB
m):c 3 : @

Eclipsed stacking Slight offset stacking Offset stacking

CdS/TTCOF Formation of frameworks

Figure 1.14. (a) Hydrazinebased COFs first time used for as HER catalysttapted with

permission from Lotscbt al’®®Copyri ght 2014 Royal Soci ety

open access article distributed under

of
1

Attribution (C@GtBN¥s3/0¢r dadtciewnesco jr{nbTiazineor g/ | i

and triphenylamindasedCOFs used for HER, highlighting the importance of irlinkage
protonation. Adapted with permission frorang et all*8 Copyright 2022Wiley-VCH GmbH

This article is an open access article distributed under the terms and conditions of the Creative
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Commons Attribution (CC BY) licensehifp://creativecommons.orgzinses/by/4.9/ (c)
Viologenbased COFs with alkydhain insulating spacers enhancing mée¢ HER
performance. Adapted with permission frohttinisik et all’®! Copyright 2023 American
Chemical Society.This article is an open access article distributed under the terms and
conditions of the Creative Commons  Attribution (CC BY) license
(http://creativecommons.org/licenses/by/i.qQd) Thiophenebased COFs with (JLNH309)

and without (JLNU308) electronegative nitrogen atoms in the benzene rings, designed for
metalfree HER catalysis. Adapted with permission frofao et all*®® Copyright 2024
Elsevier. (e) Hybrid composite of COF and CN for HER catalysis. Adapted with permission
from Hassanet. all*®! Copyright 2023 Elsevier. (f) Hydrid composite of COF and CdS for
HER catalysis. Adapted with permission fram et. all*®”! Copyright 2024 Elsevier. (g) COFs
with different numbers of nitrogen atoms for structural tuning toward optimal HER
performance. Adapted with permission froi@o et. all*8! Copyright 2024 Elsevier.

1.8. Moti vati on

A promising strategy to tune COF -sVYethebnc

i ncorporation of-cohbajogabnedcat bms!| dinhg bl ocks.

el ectron tdhiesrbeebhyp it t ong optoel ectronic and pl
reported halogenated COFs wuse simple "buil di
extended systems is rafMéhedde r sCoh apy ®jr a3t it ¢
functianthrbdeehdisnwgi tlhhnihal ggetno ae¢xml or e how
Ssubstitut-embhenmndieda framewor k influences COF
pr opeTrot itehse. best of our Kknowl edge, nNo studi e:
ant hracene units. Given uwurnd,hreawem etddiec i g iny |
hal ogen atom can significantly alter the el ¢

the functionality of the entire COF. Thi s 1
opportunity to further expandCQOFmse structur al

Apafrtom tuning optoelectronic properties, h a
enhance intermolecular i nteractions. I n COF
bi nding situeesstf omoltexrugets guch as CO . A pa
hal ogens is t hihiod-ed keicth é toync it entf omrengi ons t hat
enabling directionatb iicht evod eti-hi celse WHhti d reaed teicd
be e n extensively studi ed i n supramol ecul ar
functionalized COFs has not yet been report
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exciting opportunity to developuastw dlRemigant
COFs, which the second project (Chapter 4) s

Post synthetic modification of COFs offers a versatile strategy to introduce functionalities that
are difficult to achieve through direct synthesis. Transformations of framework linkages, such
as imineto-amide conversion, can significantly enhance structural stability and photocatalytic
efficiency. Although their beneficial impact on photocatalytic performance is well documented,
certain aspects such as the role of surface charge and intermolecular interactions between
COFs and other components during photocatalytic reactioermain poorly understood. This
knowledge gap presents an opportunity to gain deeper insight into the influence of surface

charge on photocatalysis in COFs, an aspect explored in the third project (Chapter 5).

A hybrid COF modi fi ciantcioornppoa mho o a cdlo his 0 cCIOEES S
during thebr cegmpi deistilssenhadrmcedcslti gtramd f eh a

properties. CDs -bhasedamaseni al s carblbntunabl
strong-delnadtirgn abil ity. Wh-i l ght hahpsocapt ibo m a:
charge separation, t he effect of CD <concen

properties i sThliasr ggea py purnokvniodwens. an o {pp @rpteur niyt
relationshipstgavefrei ndgycdmirge i n |agdloj e omp c
(Chapter 6) aims to explore.
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2. Characterization techniques

21. Powdxerradi f f r aRXtRiDQ n (

The characterizati on of Coval ent Organi c F

eval uation of their structur al order, cryst
PowdearayX di ffraction (PXRD) is the primary me
o f COFs. This analytical approach evaluates
powder s, fil ms, and single crystals across &

the characterization of phase compositions.
for characterization of COFs, covering aspecf

arrangement .
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spectr al i ne.

To isolate a prominent selgrmeditatofont, hedispgedmtc
and a collimator arnenempltdy ead.aplhaemmii retdd Xa «tr
phases present waudefr rtalcte i 9pe oif marhe rays in
| alw!

nAd = 2dsinf (2.2
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ni s an dirst eegheer ;spaci ng bediwe etnhd handlad th erteawgsd m ntel
and the | attice planes.

This methodology is -bagsedaoer t hél aencegdgtbyha
| at ti cceeh gorl aacitgesr a zsplandtilommgt h atr aoyf wahvee IXengt h. TI

whi chays strike can result in various scatte
rays may interfere either iThhea naangdtornwsc tuinvdee
constructive interference can be observed ar
resultant pattern of constructive interferen

intensity as a func2dcommohl yheetleffedctibonasa
which proviidhdashei msiogitcs arrangement wi-t hin 1
di mensi onal di ffraction patt edrinf,f r)&rhdeysic oinss t
characterized fbyda apefadwhieiftheercthe omegasured 1in

depemdt he | attice atoms and(Ft p&bhe specific s

The resulting diffraction data can signifi ce

cases where the domains are small, the dif
reflections in contrast to those from | arger
full wi dth at hal f ma x i muens t(eAnWaleM)s i maek eosf ictr

domali*hise rel ationship between pBPak hroadehiah
the Scherlk*r equation:

b kA (2.3)
f cos©

Dis the dkimaiand ¢pieame hishackEWHM of .t he refl ection
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Source Detector
Incident X-rays Scattered X-rays
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A
d 016
v ,\ ‘ /f 20 (hkl) lattice planes
d sin 9 j
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A

Figure 2.1. Schematic representation of diffractiann d B r a.glgd Xraylbaams are

directed at a crystalline sample, reflecting off the crystal planes and being captured by a
detector positioned to ensure that the angles of ttidentandscatteredX-rays are identical

(d-d geometry)

This method was used tandeseafmcbhbed amrlreyss |
cal cul ate Pt PPRaD tmecd seu rseimzeent sThwer e per f or med

wi t H iNit ekUerdadCuat i on -sewrds iat ipwes idéminconductor

22. Gas sorption

The gas sorption analysis is method used to characterize porous materials like COFs and to
determine porosity properties including surface area, pore size and pore volume. The ratio of
the complete pore volume tbe mass or volume of solid particlggantitativelydefines the
porosity of a particular sample. Throughout the adsorption phase, molecules or ions frequently
accumulate close to an interface. Two primary categories of adsorption can be idehtafied

is, physisorption (without forming bonds), ackdemisorption, defined by the establishment of
chemical bonds. In chemisorption, the molecules that are adsorbed create bonokrtaiith
regions of the surface, generallyut not always)eading to asingle layer formation. This

process is frequently associated with elevated heats of adsorption, in contrast to physisorption,
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which is merely linked to minimal thermal exchanges with the surrounding environment.
Furthermorejn physisorptionsurface coveraggenerallyis not restricted to a single layer and

may manifest as multilayer adsorption at elevated relative pressures. Besides, the chemical
arrangement of the adsorbent is unaffected as physisorption takes place. The physical
interactions that occur between the gasvapor(adsorptive) and the surface of the sample
(adsorbent) are predominantly governed by van der Waals forces. The surface of the sample
(adsorbent) may be externally covered by the adsorptive, occurring outside the pores, as well as
internally, within the pores. Another distinguishing characteristic between thentan
adsorption types is that the physisorbed molecules (adsorbate) exist in a state of dynamic
equilibrium with the adsorptive. Owing to the reversible nature of the interaction between
adsorptive and adsorbent, the fluid phase can revert to its original forrdgsmsption. In
contrast, a chemisorbed molecule is typically not recoverable through desorption due to
reactions or dissociations that transpire during the adsorption process, thus rendering the

sorption isotherms irreversibfef!

To classify porous materials, the IUPAC established definitions in 1985 based on their pore
diameter, categorizing macropores as those with widths greater than approximately 50 nm,
mesopores as having sizes ranging from 2 to 50 nm, and micropores as being no more than 2
nm. The IUPAC has identified six major categories of physisorption isotherms, which can be
generated by plotting the relative pressure ofatti&orptiveagainst the volume of gas adsorbed

at a standard pressure and constant tempef#4ture.
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11 IV

Amount adsorbed ———»

Relative pressure —»

Figure 2.2. Classification of the physisorption isotherms according to IUPAQapted with
permission from Alothmal! Copyright 2012 MDPI.This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution (CC BY)
license(http://creativecommons.org/licenses/by/%.0/

Type | isotherms are characteristic of microporous adsorbents. They exhibit a steep increase in
adsorption at low relative pressui& (with Pobeing the saturation pressure d&hthe actual
pressure of the adsorptivelue to micropore filling, which eventually reaches saturation

determined by the micropore volume.

Type Il isotherm is associated with nonporous or macroporous adsorbents. The initial uptake

results from monolayer coverage, which is succeeded by multilayer adsorption.

Type 1l isotherms characterize nonporous oacroporous substances that exhibit weak

interactions with the adsorbate.
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Type IV isotherms illustrate the behavior of mesoporous adsorbents. At first, a single layer
forms and then multiple layers start to accumulate, eventually leading to condensdhien

pores, which culminates in the complete filing tfe pores bythe adsorbate. Pore
condensation involves the process where a gas inside a pore changes intolgkeidardn.

Hysteresis in mesoporous gas adsorption can arise because gas condenses and evaporates in
pores adifferent pressure&apillary condensation, typically in pores > 4 nm diameter). It can

occur if pore shapes (iAbottle, cylindrical, interconnected networks) alter the filling/emptying
mechanism, or if energy barriers for liquid nucleation and metastabilithéofieniscus) delay

evaporation relative to condensation.

Type V isotherms are observed for water adsorption on hydrophobic microporous or
mesoporous materials. In general, these situations involve weak interactions between the

adsorbent and the adsorbate, along with the process of pore filling and the aspect of hysteresis.

Type VI isotherms are frequently seen in nonporous materials that display a highly uniform

surface. Each step in the uptake corresponds to an adsorbed mofblayer.

The BrunaueEmmettTeller (BET) technique is widely recognized as a standard method for
determining the surface area of porous substances. In order to facilitate the modeling of the
intricate interactions that occur between adsorbate molecules and solid surfaces, this
methodology is predicated upon several simplifying assumptions:

1 Monolayer formation. Gas molecules initially form a monolayer on the surface of the
adsorbent prior to the onset of multilayer adsorption. This aspect is paramount for

accurately assessing the surface area of the ads&¥bent.

1 Uniform surface energy. All adsorption sites across the surface exhibit equivalent

energy levels, resulting in a consistent adsorption potential throughout the Slirface.

1 Non-interacting adsorbates Adsorbed molecules do not interdleterally) with each
other, thus simplifying the calculations related to adsorption isotH&ms.
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1 Equilibrium conditions. The BET equation's derivation is contingent upon the
assumption that equilibrium exists between the adsorbed and gaseous phases, which is

significant for precise modelirg!!
The application of the BET method involves two stdfes:

1) Convetinga physisorption isother m denvingpthet he 0
value of the BET monolayer capacity. It is standard practice to apply the BET equation
in its linear form:
PXPQ 1 c (2.9)

—1
— P
n(l—PfP)_nmC-i_ Ny C ( ‘/P{])
0

P/oPs the r elPRatsi vteh ep reegsusi URdiebsr ituhne psraetsusriugteit,dhire pr
amount adsor bed npiesr tghrea ns paedcsiofribéinstiooB&MTagensta

The I inearity interval of the BET pl ot |
segment of the isothePhPanhygpioal PpGBHotpwpdO
Type |11 and Type |V isother ms.

2) Cal cul ation of speat BETY nBEWY mwsauirfcgacan aapp

mo |l ec ul-saec tcir oomas| ar ea,

« Ny * oy (2.5)

m

T
a(BET) = =

Nai s the Avognadr ¢ herumlaess; of the adsorbent.

The typical gas used for gas sorption in det
(N at,a¥37i K-riesacd iawtenigrmatsentdacts predictably wit

I n addition, sorption isotherms allow for th
on density functional theory (DFT). I n this

various pore shapes and surface characteris
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sever al model s known as kernels. These kerne
which can be adjusted to align with experi me
use ei-tbeal ndansity functional t heor yso( NWDDFT
density functional theory (QSDFT), as NLDFT
choice between these methods often depends
being studied and the |l evel of acclu%®acy requ

Nitrogen sorption experiments were perfor med

pore vol ume. | sot herms were recorded on a |
pressure Pr/fgngle. OfOrlont o 0. 98. Prior to the mea
the samples were heat ed ufmpre d2 4 ahc uautm.120 AC u

23. Ther mogr aarn angyuG A

Thermogravimetric analysis (TGA) i's a metho
sample over time as the temperature increase
(such as synthetic air, i nert gases, vacuum,

|l osses or gains that may occur due to proces

or reducti on. I n the field of COF s, this t
stability of various COF materials and to i
within the dh%Ennel structure.

I n this thesis, TGA method was wutilized to
COFs. TGA measurements were performed on a N

with a Netzsch TASC 414/ 4 cbint raolslterre aln hoefats
or nitrogen o¥% .about 25 mL min

24. Scanm®ienggtmi anoscopy ( SEM)

Scanningelectron microscopy (SEM) is a surface imaging method that utilizes a focused

electron beam to gather information about the sample's topography and composition. This
approach achieves a much higher resolution compared to light microscopes, owing to the
significantly smaller de Broglie wavelength associated with electrons. An electron beam is

systematically scanned over the sample, producing either backscattered or secondary electrons
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that are subsequently detected. The variation in the quantity of detected electrons at distinct

scanning locations allows for the generation of an image.

Two primary types of electron sources can be employed for SEM: a thermal emitter or a field
emission gun{FEG) In this context, the emission of electrons can be initiated either thermally

or through a strong electric field from a source like a tungsten cathode situated in a vacuum.
The electrons are then guided towards the anode. Electromagnetic lenses generate a non
uniform magnetic field that focuses the electrons, which are then scanned over the sample. The
SEM setup schematic is illustratedrigure 2.3. When the electrons strike the sample, various
interactions may occur, as depictedFigure 2.3b. These processes t-ake pl
shaped interaction volume whose di mensions

atomic number of the materi al

The key interactions for imaging in SEM includecondary electronSE) andbackscattered
electrons (BSE)SE originate from the top few nanometers of the sample due to their very low
energies (<50 eV), which limits their escape depth. Therefore, SE imaging provides high
resolution topographic information. In contrast, BSE have significantly higher energies and can
exit the sample from deeper regions of the interaction volume. Because the BSE yield increases
with the average atomic numbe) (f the material, BSE imaging providéscontrast, enabling
compositional or phase differentiation. Together, SE and BSE signals enable SEM to deliver

both surface topography and elemental contrast.

The signals generated in SEM can be collected using different detector typedesgokedor

a specific class of emitted electrons. Due to their very low energies, SE are typically detected
with scintillatorphotomultiplier detectors. The most commarthe EverhartThornley (ET)
detector. This detector employs a positively biased collector that attracts Hemdogy SE
toward a scintillator, where they are converted into photons. The resulting light is amplified by
a photomultiplier tube and used dee tintensity signal for image formation, enabling high
resolution surface topographBSE are typically detected using semiconductor detectors or
scintillatorphotomultiplier detectorsin a semiconductor detector, a doped silicon single
crystal featuring a m-junction beneath the surface generates eledtobm pairs when

illuminated by electrons. An external voltage or field is applied to separate these charge

61



Characterization techniques

carriers, allowing the signal to be detected and monitored. Utilizing a scintillator
photomultiplier detector, electrons are accelerated into the scintittebigenerates photans
which are converedin the photomultiplieinto a cascade alectronsthereby producing the

signall*4l

I n t hithSEhe stiescchni gue was wused to examine ¢t
synt hesi zed COFs. SEM i mages were recorded

mi croscope at ace3e0l e&krvati on voltages of 1

b)

Electron Gun Sample
Incident Electron Beam

a) FEG

|

1. Condensor lens

Auger
Condensor Electrons
aperture
2. Condensor lens Secondary
Electrons
Backscattered
Condensor Electrons
I
aperture
. . Scanning coils
Characteristic
X-Rays

Y
5
e.é' Objective lens Bremsstrahlung
5@
& X-Rays
&/ -
e Fluorescence
X-Rays

Specimen

Figure 2.3. (a) Diagram illustrating the operational principles of SEM. Free electrons are
produced within the electron gun and propelled towards the specimen. A series of condenser
lens systems and apertures concergrdie electron beam onto the sample. The scanning coils
manipulate the trajectory of the beam, thereby enabling the scanning process across the
specimen. (b) The interaction volume established between the incident electron beam and the
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sample (schematic) resulting in the generation of Auger electrons, secondary electrons,
backscattered electrons, as well as characteristayX and fluorescence.

25. Trans meEsescitoinanoscopy (TEM)

Transmission electron microscopy (TEM) i's a
analyze ombalelcd® thlmarmnd to obtain information
a materi al and nftoerr nfanha gBitmau e flu rteheect ron di ffr
samples can also be collected in reciprocal

using TEM isinheihre Be@anbs €i hygh voltages rar
kV are employed during measurement s, l ess s

resulting in reduced resolldtlion and compr omi

The working principle of TEM igomplementaryo that of SEM. In the case of TEM, electrons

that pass through the specimen are directed onto a detector area to create a visual
representation. This method necessitates thin specimens (with thicktygssakyy under 100

nm) and offers significantly higher resolution compared to SEM. Furthermore, unlike
traditional SEM, TEM yields both imaging and diffraction data about the saifiglere 2.4
illustrates a schematic representation of the two different modes, which vary only in the
imaging configuration of the intermediate lens. In both modes, the sample is illuminated by a
nearlyparallel beam of electrons, generated by the condenser lenses and a condenser aperture.
Electrons detected could either be those that traveled through the sample without any scattering
or those that experienced scattering from interactions with the sample. Inelastic scattering
arises from the interactions between the primary electron beam and the electrons within the
sample, influenced by variations such as composition and morphology. Consequently, electrons
of differing intensities are captured and utilized for imaging purposes. Diffraction data from the
sample can be gathered using the elastically scattered electrons, which do not experience
energy loss. This technique enables the study of the crystal structure along with the
morphology®!

I n t hi tshT@gEhVe stiescchni queowasvesiigaeed the cryst
synt hesi zed COFs, det er mi ne ttahneal syizzee st hoef dd rsy
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and size of Pt particl®eBM wimadges tvner ep orl eganerr (
Titan Themis transmission EE@aonhranh BD00r &¥cop

Imaging mode Diffraction mode

System of condenser lenses

Condenser aperture _——

Electron Gun

Specimen

Objective lens

Objective aperture

Selected area aperture

In i_rnage plane of Intermediate lens . In l?ackl focal plane of
Objective lens (strength changes between two regimes) Objective lens

Projector lens

Screen
Image Diffraction pattern

Figure 2.4. Schematic view of imaging and diffraction modes in TEM. Adapted from Ralf
Mikut, Karlsruhe Institute of Technology (KIT)? Licensed under the Creative Commons
Attribution-Share Alike (CC BYSA 4.0) license. Available at

https://commons.wikimedia.org/wiki/File:Schematic view of imaging and diffraction modes
in TEM..tif

26. | nfregpreed roscopy (I R)

I nfrared spectroscopy (tRat | sussrad b e noaliyteinadal
characteri zenot leegufoaurmpcst iwintanhli n a materi al . Th

i nteraction bet ween infrared radi ati on and
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according to theirandhemircuacittuhc etmmpe s ictoirares pol
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erating the I R spectrum. This techniqgue
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I n thi¢$hlé¢eRhemetshod was employed to confirm t
synt hesized COFs from the monomers and to id
l i nkage convémRsisprectt eactwieares.recorded using

FAT R system equipped with a diamond attenuat e

27. Ul t r a-viiso ghebtet r os eMapsy) ( UV

Ultrawisolb¥e)s(pectroscopy i s a ipgounee rdsudd atnaal m
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The el ectromagnetMics rraadnigaet iiomt eirna ctthse wivi h  ab s

to electronic transitions (wherein electron:

energy state). I n addition to |iquids, solid
qualitativel3%l'via absorption.
A 1+ 1 Antibonding c*

Antibonding

| ]

>
(@)
= e e .
@ To* = Non-bonding n
L
e .
e Bonding n
e .
Bonding o
O-O* 9
FigasExpectedtelamsti tomns i nds ahrgetlaenccterso nisn.v ol
The c onbneetcwteieenn i Nt ensity of transmitted |ight

the absorbing medi um, and st hdeefli eegt BBe@ft hteh e
| alwg!!

A= —Iogmg = g*xc*L (2:6)

Ai's the absornrthha&ndentensi tlyi soft hter ainrstmd rt & i€idg | ¢ tyédrit n
extinctioni £otefd icomrdmentabaoir @an gt sampémrgt h of t h
Conversely, the absorption can be deter mi ne

reflectance (RY2lusing the formul a:

%T + %R + %A = 1 2.7)

I n thiBV“Wwwer kspectroscopy was used to measur e
precursors (soluble monomeTo )c alnadu lCOFes a b snosro
for the solids ¢Muonvkde(rksh), tthiedidhr g u biéske kuasye das s ur
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the sample is an (optically) infinitely thic
(absocpéeif bkhcndendcadbéeefdJaocgesentu mead onst bat t hrou
Light propagation is described by only two d
ot her upward into the daendoamomessaednsj)pkerud c
negligible. Under t iMwrek cfoybdoattiRoo®bt R /MIhlea tkad e
the measured it fofatlhseo i etfil eKd midisdefait ¢t ieemthg coe
Sthereemtaypl i ng semiquantitatiove td@det ipmavtdied n me fa
pur e barium sul fate served as a reference

measurement, a minimal quantity of the sampl
create a homogenous miké umeRsanc¢cBhdl er dosf amre
t he KiMouelkk aequati on i nto a spectrum that c

characteristics:

_(1-R? (2.8)
KM_—ZR
Refl ectance dat a, c o nMuerrkt e @ u nucstiinogn , t hoer  Kduibre
measur emelnstes ucsaend t o determine the optical b ¢
met R o4 :
(@hv)'/r = A(hv — Ej) (2.9)

U (or K above)is the absorption coefficient or absolute absorbaads;the frequency of lighth is

Pl an c k 6 srisacangantdhattdefines the type of electronic transition in a material, determining
whether it is direct (r = 0.5) or indirect € 2); Ey is the optical bandgapA is the proportionality
constant.

UV Vis NIR spectra were recorded using a Per
with a 150 mm integrating sphere and photon

reflecspactra were collected with a Praying

28. Phot ol umismescstceaxseopy (PL)

Photoluminescence spectroscopy (PL) is a powerful optical technique used to characterize the
electronic and optical properties of semiconductors and their nanostructures. The working
principle of PL ispresented in alablonski diagrarff”! involving the observation of the

spontaneous emission of electromagnetic radiation within the visible spectrum subsequent to
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the absorption of photons, thereby serving as a complementary technique -Yos UV
spectroscopy. Conceptually, two distinct phenomena can be discerned through PL
spectroscopy, specifically fluorescence and phosphorescdtigarg 2.6). Fluorescence
represents the radiative transition from the excited electronic statetl$e ground electronic

state $ and typically transpires witlshort temporal delaygat the order of ps tms) in
comparison to the absorption process. Conversely, phosphorescence transpires when the
excited singlet state;S&xperiences a neradiative intersystem crossing to the triplet staie T

(or its higher vibrational states), which subsequently transitions radiatively to the ground
electronic state. Given that transitions involving a change in multiplicity are formally
prohibited, phosphorescence manifests over extended timescales relative to fluorescence and

generally exhibits diminished intensity leve&.

Vibrational

relaxation
A A A Intersystem  Vibrational
1 \ ____crossing _ relaxation

“ \
S, T

e |
Triplet
State

Energy

Absorption

Fluorescence
Phosphorescence

SO —
Ground
State

Figure 2.6. Jablonski diagram showing possible transitions between the ground state and
excited states.
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I n thigdghRlhemeshod was used to evaluate the
synthesized |Iinkers and COFs. PL measur ement
honrbeui |t confocal | aser scanning mi croscope
( ANDOR SHAMROCK SRi 303) and CCD camera ( AN|
FIl uoTime 300 system (PicoQuant Gmb H) for PL
pul sed excitand oh1G@tnmM78~ 00 p sl pémslesseg) 5wWiot
detection-reisal wmt i minghmonochr omator aMMd, phot
PicoQuant GmbH).

29. Ti nceor r el atpendotsoinngcloaunt i ng ( TCSPC)

Tireorrelated Single PhptenerCtouandi sgphliTCISIPCat
t he -rteesmel ved exami natiinern eafd pHottdhemiavvsiodmut e
t he emitit edctghdetott @sntbgt e PL measur ement s.

A pulsed | aser I's employed to activate the
single photon. The detector | ogsst otph et itneensp,o r
which a solitary photon is detectable. It 0

emitted throughout the duration of a single
t hen graphically represented against the ¢
emi ssion. A¥fi gf,estthriast epdr oicness is reiterated

adequate data for the asiddssment of fluoresc

Utilizing a pulsed | aser operating at freque
this highly repetitive photon registration,
decay of excitation along Wwifl Dhetaesexicat e

be deduced from the exponenti al Fdegaay depi ct
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Figure 2.7. The principle of the lifetime measurement with TCSR&).the TCSPC device
typically measures the time between one START event and one STOP event (like a stopwatch).
(b) A histogram of startstop times is reconstructed by counting a high number of photon events
to reach statistical convergen&eprinted with permission from Waedg al?® Copyright 2022
Springer Nature

I n this thesis, TCSPC measurements were empl
I n t he synthesized COFs. TCSPC measur ement
photodiode (MPD PDM) and TCSPC electronics (

same CLSM setup, with samples excited at 476

210.Zetpat ent i al

Zet a potsentdedcr (i dled wi tehi sda ber fGarceee k ¢ hlaertatcetre
nanomaterials that estamhties 1t dlea ssteuarbfitalai etcya Ihil
medi um. I n agqueous environments, nanopartic
ch&rgnduced by the dissociation of csuwrrfgede
solvent mol ecules. Therefore, i1ions of differ
nanoparti clees'ud nhd whrhfea cdee,vel op ment OFi ga#B)eel ect
The inner |l ayer comprises counter ions that
whereas the outer | ayer contains counter i 0
slipping plane). This double I ayer (up to
nanoparticle and moves i n accordance with i
gradient existing between this dual | ayer ar

the zet &8%% %'t enti al
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Slipping plane

° /. %°e

- © ¢

lElectric double layerv“
Surface potential

Stern potential
Zeta potential

Figure 2.8. Block diagram of surface charge zeta potential. Reprinted with permission from
Yadavet al®¥ Copyright 2022 Elsevier. This article is an open access article distributed under
the terms and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/%.0/

The determination of zeta potenti al can be
el ectwhoedreesi,n | aser il lumination is wused to t
electric field is applied. The | aser detects
the scattered | ight caused by their velocity
mobi Chayged particles wil/ mi grate toward th
velocity of this action, termed the electrofy

potential throuf® %*he Henry equation

30, (2.10)

¢= 2ef(ka)

ci $ heeta pditeheiisadagsity oUeci $ hehenedi emi r dipthtoe et i ¢
di el ect rf(ea) dosnsHeanrty;" s function.

71


http://creativecommons.org/licenses/by/4.0/

Characterization techniques

The magntitzazedea @fot ent i al indicates how stabl
degr eepudfsirve interactions among charged par
values, whether positive or negative, sugges
el ectrostatic repulsion acting on individua
potenti al readi ngs, associated with | owered
and floccul ati on, as insufficeaggt omerpatiesi da

di spersi3& forces

I n this thesmesas uzetme nget evetriealut i |l i zed to ev
synthesized COFs and to staumdgi dihei en\pirrod mme
potenti al measurements were performed oen Mal

Ne |lase2m6md3 and an aval anche photodetector.

211.X-r ay photoelectron spectroscopy (XPS)

X-ray photoelectron spectroscopy (XPS) is a technique widely used in fields such as material
science, chemistry, and nanotechnology for determining the elemental compositiatipox

states, and electronic states of materials with outstanding surface sensitivity. This method
utilizes the expulsion of photoelectrons into a vacuum from a sample, triggered by the
bombardmenwith X-r ays r el eased from an Al KU1l or M ¢
surface of the sample, the incidentra§ beam generates elastically scattered electrons. These
electrons are subsequently analyzed using an electron analyzer, which measures their kinetic
energy. Utilizing the evaluated kinetic energy afofor the computation of the binding energy

(BE) of the electrons, therebgnalyzing the material's chemical characteristicéPS is
particularly sensitive to surface layers, with a penetration depth that barely reaches 0.5 to 2 nm.
because only electrons originating from very close to the surface can escape without losing
energy through inelastic scattering. Electrons emitted from deeper layers lose energy through
interactions with other atoms and therefore do not contribute to the sharoefedid peks

used for analysislo alleviate the energy loss of electrons resulting from scattering phenomena

in the gas phaseXPS is performed in ultrhigh vacuum (UHV) conditions, usually spanning

from 10°to 108 Pa. Maintaining these ulttsigh vacuum conditions is crucial for minimizing
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contamination and ensuring accurate measurements, as even trace amounts of atmospheric
gases can significantly affect the results obtained during¢pP%.

The foundation of XPS is linked to the equation established by tHRugiserford in 19143
E, =Av — E, (2.11)

Exi s the kinetpihatl ercéisrr ggyn tohfe temeeafpy soft hehdédi Xdi ng e
the electron.

From XPS resul t s, one ceatnaiglasi nbyi nisnitgehrtpsr eitnitnoc
come frcoapttuhred el ectron spectrum. Given th
exami ned, XPS provides the capability to in
at oms, including s, p, and d | evel s-orabhiotng
coupling. Furthermore, the valence state of
reduction in valence charge (for instance, 0
i ncreaeranploe, reducti on) cor r els®ffohnidss ctaon dbi

described BY'lthe formul a:

AE = kAq + AV (2.12)

aEi s the change i ki sBEa od @ias tcaofrtee; ddmavrédse tchiiea mpdoet; e ne
di fference.

I n thitshxePBesmes hod was used to investigate th
el ements of COFs befordhan&XP&f memasiuirekmagée¢ sc av
with a VSWayAd0OuiXce -nprnoowveihd iomgalrriacoie dia=A lolrdk8(6h 6
eV) set at 15 mA and 12 kV and a VSW HA100
recorded with a pass energy of 22 eV and a
obtained spectra were fitted in I|l4anjProasd

Gaussian functions after a |inear background

212.Cy cVoilct ammet ry ( CV)

Cyclic voltammetry (CV) is an electrochemica
behavior of chemicalcuspeaites elpomeastni mg |t m
CViemployed to investigate electrochemical p
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With this experiamerngepgié avretache edesi gn i s appl
working electrode (the materi al of interest)
positioned within an electrochemical cel l fi

interfaced with a potentiostat connected toc

Typically, the potenti al iI's systematically v
current i's recorded. By mani pul ating vari ous
step si ze, one can examine both oxidation ar
cel | . By employing CV, various types of dat
stability, photocurrent values, and the reve
mol ecul es, determination of the HOMO energy

LUMO | evel can be readily determined-VWy addi
absorption measurements to the electrochemi
HOMO and LUMO | evels facilitates the incorp
devices that necessitate precise energy alic

only devices.

The CV technique applied to organic semiconc
l evel by analyzing the initial oxidation eve
for t he el ectr dOomMelm weall amcbes calcul at ed

e qu alt*f?d n:

E(HOMO) = —e[EZ™®t + 4.8 — Erc/rcy] (213

oxl

E(HOMOs the esti madiesd tth@M@ |leeneenlt;ary charge (the
energy i €07%e gattihvee)oxi dat E-@f:iosn stelte pt@MAteémdr gy o
I n thitsh@&Vhenseitshhod was wutilized to deter mine
further evaluation of LUMO | evels. The CV m
PGSTAT204 potentiosthsdam!| ypaeodt aThateldedt rVo
made of a single chamber el ecPtbi oclaemt oal tcel
a Pt wi r e as counter et ectéeredee asdanAlpr di

ferrocene/ ferrocenium coupl e.
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213.Gaehr omat ography ( GC)

Gas chromatography (GC) is an analytical method used for the separation, identification, and
guantification of components in a mixture of volatile compounds. The procedure entails the
introduction of a minute volume of the sample into a carrier gas (predominantly helium or

nitrogen), which facilitates the transit of the sample throaglapillary column that is lined

with a stationary phase.

As the sample advances through the column, its constituents engage in varying interactions
with the stationary phase, influenced by their intrinsic chemical characteristics, including
polarity and boiling point. Such disparities lead to differential migration rates of the

components within the column, thereby achieving their separation.

Upon reaching the terminal end of the column, a detector (frequently a flame ionization
detector or thermal conductivity detector) quantifies the separated entities as they emerge from
the column, thereby generating a chromatogrargraphical representation delineating signal
intensity against time. Each peak present on the chromatogram signifies a distinct compound
found within the sample. The area under each peak corresponds to the concentration of that
specific compound, allowing for quantitative analysis and comparison between different

samples®

In this thesisthe GC method was used determine the hydrogen production rate during the
photocatalytic testGC measurements were performed using a PerkinElmer Clarus 580 gas
chromatograph equipped with a thermal conductivity detector (TCD).

214.Nuc |l maagrn e¢ 3 @«n gneccet r oscopy ( NMR)

Nucl ear magneti c resonance ( NMR) spectrosco

characterization of chemical mol ecul ar struc
mol ecul ar architectures as well as the exar
i norgani c, aad.t éFf wrl tolga rcnad r e t he el ectronic
magneti c i sotopes within mol ecul es and t he
systematically investigated. Thehiedwah |dea,t i a
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i nteraction bet weferne gaune nacs/c iellleacttirnogmarganckito ¢ f
nucl ei s i tsutart@endgewintali mMmaa neti c field is quant
spin exhibit distinctive behaviors when subj
their respective chemical environments. N MR
with i ntrinsic spin; consequently, the nucle
neutrons, or byH,Y,6 IBxTehnepsiei friecdl ei have a spi
angul ar mome Yt uam dv etchtiosr rYel ati onship i3, desc

as shown 2.nl4quation

—p=y—=S5 (21 %

Y eshmagnet moment .

When subjected to an external magnetic fiel
moments are constrained. Only specific quant
the spin qulantFom rmwnmbegri ven spi n ¢ua nptousns i rod n
orientations. Thesdleegepéenatset ates aarexnennal
consequently experience a Whpelni tetliencgt riomtaog nceits

in the radio frequemcgausaen gter anss iathisoonrsb ebde t w et

as the following: equations are satisfied
2m
vV =¥Bjoc = ¥(Bo + Bint) (21

3i s the resomamncea hfer eegxtt eear cifajibesIndajlg @ el o c a B niinsa gtnheet i ¢
internal magnetic field.

The varying electronic envifrfoenrbeenbcnes enof t hbheea
and | ocal magnetic fields, which in turn wil
variation is measurable and can consequentl

structur e eaarvd rasmanmairodian di ng t he nucl ei under i

In this thesis, liquiestate'H and *3C NMR methods were used to analyze the chemical
compositionand structureof the synthesized building blocks, while sedithte’>C CP/MAS

NMR (MAS = magic angle spinningkas employed to evaluate chemical compositol
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structureof synthesized COFs. Liquistate'H and 3C NMR spectra were recorded using
Bruker AV 400 and AV 400 TR spectrometers. Salidte!3C CP/MAS NMR spectra were
acquired on a Bruker Avance #00 spectrometer equipped with a 4 mm double resonance

MAS probe, using a MAS rate of 10.0 kHz, contact time-6fids, and a pulse delay of 4 s.

215.El ement al analysi s

El ement al analysis is a method used to deter
by identifying the presence and quantity of

or chlorine. This analysis relies on transfo
through combusti om emviamommgmten This procedu
which are subsequently captured and quanti f
el ement s, i ncluding carbon, hydrogen, and n
devel oped byadxhitlzi tPraghigh deagrne eb entfu sterde c i
mi croscal e, necessitating only milligram qua

analysis is imperattcoempbamtdi elvied atlilng utr*he yato

I n this thesis, CHNSCI anal ysis was used to

(H), nitrogen (N), sul fur (S), and chl orine
providing i nformati on on the el ement al com
t heoretical val ues based on the proposed m

perfor med using t he vari o EL and vari o mi

hig¢gemperature digestion, dynamic gas compon
apparatus. Samples were weighed in tiACboats
i n an -eonxryigcehned hel i um at mosphere. The result

and separated with gas chromatography.

2.16.Ma ssg e cmheatof MS)

Mass spectrometry (MS) is a tool for identifying a compound based on the molecular or atomic
mass(es) of its components. Using this method, the elements present and the molecular formula

of the molecule can be identified. The idea behind mass spectrometiyasstraightforward:
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first, ions are created from the sampfenterest These ions are then separated and measured
based on their different matscharge (m/z) ratios.

In practice, a very small amount of the sample is vaporized and sent into an ionization chamber,
where it gets bombarded by an electron beam, turning the molecules into positively charged
ions. A small positive voltage pushes these ions out of the ionization chambéhegrage

then accelerated by an electrostatic field toward the analyzer. Inside the analyzer, the ions are
separated. A strong magnetic field, placed perpendicular to their motion, bends their paths into
curves- lighter ions bend more, heavier ions bend lesepending on their mass-charge

ratio. Finally, the ions pass through an exit slit and hit a collector electrode, creating a small
electric current. This current is then amplified and recorded, showing up as a function of either

the magnetic field strength or the accelerating voltgé,

In this thesisthe MS method was used to evaluate the molecular masses of the synthesized
compounds. Compounds were analyzed using electron ionizatioft’{Ed)so known as

electron impact ionization or simply electron impact. MS were recorded using an Advion
expression compact mass spectrometer (CMS) with the atmospheric solid analysis probe
(ASAP) technique. The i on source was set to
spectra were acquired with a mass range of 500 m/z at a speed of 104 m/z units per second.
Analysis was performed using Advion's CheMS Express 5.1.0.2 software after background

subtraction.
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properties
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position of the anthracene core revealed sig
optoel ectronic prraoyp ed it fi fersac tHoowidd eandX tr ans mi ¢

anal yses demonstrate that halogenation-influ
A-Br COF exhibiting notabliOloamgér-A-@hy 8 ea tile d n
much smaller ones (~50 nm). This variation w
el ectrostatic potenti al of the halogen subs

(DFT) <cal cul at iicoms .anQp tpihcoatlo | aubrsi onrepstc ence me a:
reddmi fbtoot ihs U¥bsorption and emi ssion maxi ma a
< 1), consi st’ecnotn jwigtalt i @emh amcdedi ncr eased pol a
furtheat ed alaindd compl emented by t heobraeste dc a l
el ectronic and optical band gap analysis of
Coll ectively, our results -athadmrbBabogen hsultg:
tailoring the morphology and-bapedelCOEST omifd
modul ar strategy for precision design of org

32.l ntroduction

Covalent organic frameworks (COFs) are porous crystalline polymers constructed from a
diverse set of molecular organic building blocks, linked through covalent bonds in a periodic
arrangemerntt! This structural regularity enables precise control over their properties, resulting
in a rich spectrum of functionalities. The ability to design COFs with high structural precision
allows for a direct connection between their architecture and -jefgoctronic properties,
establishing welllefined structurigoroperty relationships that are critical for the development

of novel functional materials. These frameworks can be designed with numerous organic
molecules capable of engaging in extensive chemical interactions, further broadening their
utility.?l The choice of molecular building units is therefore pivotal in defining structural,
electronic, and chemical characteristics of COFs, directly influencing their applicability in

fields such as photocatalysisphotovoltaicd? sensind® and gas storag®.

A particularly compelling molecular building block for the synthesis of COFs is anthracene, an
aromatic polycyclic compound composed of three linearly fused benzene Wigs. it has

been extensively utilized in metatganic framework€!'% its integration into COFs remains
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relatively limited. Firstanthracendased COFshave been applied in photocatalysts:®!
fluorescence quenchint;*> sensing!®" supercapacitor$® and optoelectronic devicé$:?"!
Given anthracenedés intrinsic optoeleckbBhonic
efficient intramolecular charge transférand mechanochromfé behavior, it holds significant

promise as a versatile building block for the development of advanced COF materials.

In its native form, anthracene primarily absorbs and emits in the UV region, which limits its
direct applicability in visibldight-driven technologies. To fully exploit its potential in solar
energy conversion systems, a redshift in its optical response is regtdfedhis can be
achieved by integrat i n g-coajugatddframeveorkesuan asiCORBs, i nt
or through peripheral chemical functionalization that preserves the integrity of the aromatic
corel®>26l However, the inherent planarity and rigidibf anthracene, combined with the
positions of its functional groups, often impede the formation of crystalline COFs, as it may
cause imperfect layer alignment and steric hindr&icg.

In this context,N, N, NdtjaphENyl,4-phenylen(Wurstertype) building blocks offer a
particularly attractive option for COF synthesis due to th&irctural flexibility, which stems

from free rotation around single bond%%% This adaptability allows them to conform to more
rigid components such as anthracene, facilitating the formation ofovdeled, crystalline
frameworks. Notably hte additional aromatic rings in Wurstgpe building block® n ha n c e
conjugationenablingfine-tuning of the(opto-)electronic propertieand expandinghe design
space for modular and functional COF architect#?e¥] Specifically, the combination of
electrondonating Wurstetype units with electrofcceptinganthracene moieties can promote
the formation of doneacceptor COFs, a design strategy known to enhance charge carrier

separation and improve the efficiency of lightuced processé¥!

One effective strategy for modulating the properties of COFs is the integration of functional
groups or atoms, among which halogen functionalization stands out as particularly impactful.
The incorporation of halogens into the COF backbone can enhance charge separation and
transfer efficiency owing to their electravithdrawing characteristi€8*or t une t he C
electrostatic potenti&t® Additionally, halogen modifications have been shown to directly

impact charge carrier mobility and electrical daativity.*® Furthermore, halogeflamework
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interactions can induce changes in both the electronic structure and the molecular geometry of
the framework, making halogenation a powerful tool for tuning materials propgéfties.the

best of our knowledge, no studies have reported COFs featuring halogenated anthracene units.
Given anthraceneds highly conjugated nature,
can significantly alter the electronic properties of the linker and, consequently, the functionality

of the entire COF® This unexplored design avenue presents a promising opportunity to

further expand the structural and functional diversity of COFs.

In this study, we present a series of novel anthrabased COFs functionalized with various
halogen atoms on the peripheral position of the anthracene core and incorporating-tyfagster
building blocks. We demonstrate that even a shafpen substitution leads to significant
changes in crystallite size, morphology, and optoelectronic properties. Furthermore, we provide
comprehensive insights into the electronic and optical behavior of these systems, supported by
extensive theoretical calculations performed on functionalized building blocks, extended

molecular fragments and the corresponding COF structures.

33. Reswlntds di scussi on

Novel anthracenbased linkers, functionalized with different halogens at tpesttion, were
synthesized following a general synthetic route outlinedS@meme3.1.5% The synthesis
involves aDiels-Alder reaction betweehalogenatedanthracenegrecursors (X-anthracene
(A-X); X =ClI, Br, 1) and vinylene carbonate to form a cyclic carbonate intermediis.
intermediate is subsequently converted into the corresponding diol, which is then oxidized to
yield the target compound:-t2alogen9,10-anthracenedialdehydé&{X-CHO; X = ClI, Br, ).
Details on the synthesis are provided inAppendix(Figure 3.6 - Figure 3.21).

The freshly synthesizedalogenated A<X-CHO linkers, along with the commercially available
nonhalogenated analpgvere employed to construct four novel crystalline COFsA\X,
where X=H, Cl, Br, 1) via a Schifbase condensation reaction with the election
N, N, MNdijakiN(&minophenyBl,4-phenylenediamine (YWH>) building block(seeFigure
3.1a, Figure 3.22 to Figure 3.25). Powder xray diffraction PXRD) analysisreveals wel
ordered structure®f all synthesized COFg¢see Figure 3.1b-d). All four COFs exhibit
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prominent diffraction peakcorresponding to the (100), (110) and (210) lattice planes at similar
positions. Additionally, (200) and (310) peaks were observed f&-KH, W-A-Cl and WA-

Br. Intense and sharp diffraction pedks W-A-H, W-A-CI, and WA-Br COFsestablishhigh
crystallinity, while the W-A-1 COFfeatures somewhat lowerystallinity.

Building on the PXRD characterization, we further investigated the structure of all féuXW

COFs using density functional theory (DFT) simulations. For better comparison of the four
models, we assumed hexagonal lattice symmetry with a Kagome structure in all cases. Each
unit cell comprised six monrbalogenated anthracene and three Wurster units per layer,
arranged in an eclipsed vertical stacking geometry. Due to the asymmetric structure of the
functionalized anthracene building blocks, variooisentations and combinations of the
halogenated units relative to the smaller and larger pores are possible. Multiple halogen atom
arrangements were explored (segure 3.26), yielding the most energetically favorable
configuration (shown inFigure 3.1a), which also exhibited the best agreement with the
experimental PXRD data. In this structural model, two halogen atoms per unit cell are oriented
toward the smaller trigonal pore (highlighted with pink arrows), while the remaining four
halogen atoms are facing the larger hexagonal pore (blue arrows). For comparison- the non
halogenated analog (\W-H), in which halogen atoms were replaced by hydrogen, was used as

a reference structure in the simulations.

Based on themasdeglucstandlt IDEITEEB® Tpballt dramd e(
34) , we performed Pawley refi-Bemgmmeo-ApMt her f
andl Pf e A X W X = CI , Br, 1), as detailed e:n t h:
W-A-H aEb= 4. 2388 0m411AY@Im) (= b4. 265 Om4pPp8anct) W
ABra (== b4. 2&3 0m4)0.9 Thhhrese COFs exhibited exce
the simulated and expeRivmd ruteal odi f4f. r6a6c%,i ob5n. Op
respedtilvelbs.er ved diffraction pealkast twege pslua
confirming the high crystalThe-AdWMay —o b4 .t2h6e3 snymm,
c= 0. 40B30Fn me)xsli ibg hotsMeyr crystallinity compared
Neverthel ess, PXIRDs pagfiewgnmneadt algr ee ment wi t h
pattern -pdr & hhee xdaugadmoadle |'s,t rwu ct tha cr bR ¥i3ncmMe n t
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We notethat minor additional reflectionsere observeih the PXRD patternsf the W-A-Cl

and WA-Br COFs Specifically,diffraction peaks at 5.25° and 5.30°, respectively, could not be
assigned to the simulated dymdrehexagonamode| suggestinghe presence of a minor phase
impurity in thesdrameworks, possibly caused by the asymmetry of the halogenated anthracene

linker.

To gain deeper insight into the structural properties of the synthesized COFs, transmission
electron microscopy (TEM) was performed forAWH, -Cl, -Br COFs as representatives of the
series. Hereby, the images confirm the Kagdype hexagonal lattice. The crystalline domain
sizes were found to range fromi3@0 nm for WA-H COF, up to 50 nm for WA-CI, and as

large as 20€100 nm for WA-Br, seeFigure 3.1f-h. Additional TEM images for \WA-Br are

shown in Figure 3.27, clearly exhibiting lattice fringes.

The observed differences in crystalline domain sizes can be rationalized by nucleation and
growth dynamics. Slower nucleation rates tend to promote the growth of larger domains, as
fewer nucleation sites are formed, allowing each crystal domain to grow more extensively. In
contrast, faster nucleation rates typically lead to smaller crystallite sizes due to the formation of
numerous nucleation sites, which limits individual crystal grdfftfe!

Addressing the potential impact of halogenatitwe, introduction of a single halogen atom into
anthracendased linkers can induce polarization due to the high electronegativity of halogens,
creating regions of distinct electrostatic potential (ESP). This polarization can influence
monomer interactions during COF formation, thereby affecting nucleation. To explore this
point further we performed ESPRalculationsof the four AX-CHO linkers (X = H, CI, Br, 1),

as well as for the WNH: linker (Figure 3.28). The calculationsshow that halogen atoms
covalently bondedo the anthracene unih a GX fashion, particularly Br and I, exhibit a
region of positive ESP opposite theXCbond axis, which are known as tiiehole (ESP =
+0.011, +0.021, and +0. 03844 Thisdhole can engabe,in Br ,
directional halogen bonding with electraoh species, such as the amino groups of thNY
building block used for COF synthe&i$?®! To hypothesize, sch noncovalent interactions

may play a crucial role in stabilizing the early stages of COF nucleation. Their directionality

and specificity can lead to more ordered supramolecular assemblies, potentially slowing down
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nucleation and allowing larger crystallite grovAf*®! Consistent with literatul€°%, Figure

3.28 shows that the size and strength ofdHeole increase with halogen polarizability (I > Br >
Cl), enhancing interactions with nucleophit€s This trend may explain why ¥W-Br COF,
containing the more polarizable Br, exhibits large crystalline domain$ 4200nm), while W

A-Cl COF does nioshow a comparable effect. In the case ofAW COF, the very strong
hal ogen bondi ng as s ddeanageatt awaivehmodulatiohg fac®rd s | ar
somewhatdisrupting regular framework formation and contributing to slightly reduced
crygallinity.55% Notably, the largeai-hole of iodine can engage in directional noncovalent
interactions with electrenich amino groups, either through halogen bonding or chaagsfer
complexatior®¥ potentially leading to offarget interactions thanterfere with the intended
framework connectivityln contrast, the more moderaiéole of bromine may act as a gentler
modulator, supporting controlled interactions that enhance crystallinity, while the stronger

interactiors of iodinemay slightly inerfere withordered framework growtfS-°¢!
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Figure 3.1. (a) Schematic representation afh8f-base reaction to obtain W-X COFs(X =

H, ClI, Br, I). Arrows indicate the orientation of the halogen atoms of the energetically most
stable configuration with two halogens facing the smaller trigonal pore (pink) and the
remaining four halogens directed toward the larger hexagonal pore shown iSibtugated

and experimentalPXRD patterns of (b) WA-H, (c) W-A-CI, (d) W-A-Br, (e) WA-Il. TEM

images of (f) WA-H, (g) W-A-ClI, (h) W-A-Br.

The morphologies of the COFs were evaluated via scanning electron microscopy (SEM). SEM
images demonstrate that despite the similar crystal structure, morphologies of all four COFs
differ (Figure 3.29). The pristine WA-H COF consists of small platelets,-®%Cl COF
contains a mixture of platelets and spherical particlesh\-Bf COF is composed mainly of
spherical particles and \A-1 COF exhibits rodsThe morphology of COFs can be significantly

influenced by solvent polarity and electrostatic repulsion, the latter of which may arise from the
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presence of electronegative halogen atBim§! These factors affect layer spacing and

solvation,possiblyleading to different morphologies

Nitrogen sorption isotherms were recorded to analyze the porosity of all four E@Ese(

3.30). A gradual reduction in surface area is observed with increasing atomic radius of the
halogenr (r(H) <r(Cl) <r(Br) <r(l)): W-A-H 548 nt g, W-A-Cl 490 m2 ¢, W-A-Br 187 nt

gt and WA-I 170 n? g'. These values are considerably lower than the theoretical network
accessible surface areas per gram calculated from perfect crystal structures using
PoreBlazeP? W-A-H, 897 nt g'; W-A-CI, 806 nt g, W-A-Br, 674 nt g%; and WA-I, 653

m? g (Table S5). Nevertheless, the experimental pore volumes f8rMV(0.35 cnig?) and
W-A-CI (0.33 cnig?) are in good agreement with the theoretical values of 0.364y¢and

0.317 cnig?, respectively, indicating good crystallinity and stability during activation prior to
the N\ adsorption experiment. By contrast-Av¥Br and WA-I COFs show both substantially
lower experimental pore volumes (0.18%a@w and 0.13 crig?, respectively) and BET surface

area than their theoretical counterparts. For the iodine derivative, this is attributed to reduced
crystallinity compared with the other three materi&igre 3.1€). Furthermore, the activation
process (vacuum drying) of COFs may cause partial pore collapse. Due to steric hindrance, this
effect may be more pronounced in materials functionalized with larger atoms, such as Br and |,
compared to H and 64 leading to a further reduction in the overall BET surface area and

accessible pore volume.

Using nonlocal density functional theory (NLDF®§ for slit and cylindrical pores for
evaluation of the isotherms, average pore sizes were calculated to be 1.1 nm and 1.7 hm for W
A-H, 1.1 nm and 2.0 nm for ¥-Cl, 1.1 nm and 2.0 nm for M&-Br, and 1.1 nm and 2.0 nm

for W-A-I, respectively. Additionally, porosity parameters were simulated using Zeo++
softwaré®® (Table 3.5 and Figure 3.31), providing theoretical pore sizes and pore volumes.
The results indicated pore sizes of 0.7 nm and 2.0 nm f6+My 0.7 nm and 1.9 nm for ¥X-

Cl, 0.7 nm and 1.9 nm for ¥X-Br, and 0.7 nm and 1.8 nm for-W-Il. The deviations between

the experimental and theoretical pore sizes can be attributed to the idealized nature of the
theoretical models, which assume a perfectly ordered and -defed€OF structure. In reality,
structural imperfections, defects, distortions, and variations in the distribution of halogen

substituents can occur, leading to differencas the experimentally observed porosity
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parameters. Additionally, the same Zeo++ software was applied to calculate average unit cell
densities, yielding® 7 g c¢cmA-H, f 0r 7% g-ACim, | Of BL W-Bgm |
and 0. 90 @e-l.dm increaseonrunit\dell density for halogenated COFs compared to
the nonhalogenated WWA-H COF is attributed to the incorporation of halogen atoms, which
increase the overall framework dendf). A comparison of theoretical and experimental
porosity parameters is presented able 3.5.

Fourier Transform Infrared SpectroscoglyTIR) analysis was conducted to confirm the
formation of imine bonds following the condensation reaction of the monofigigég 3.32).

All four COFs show an FTIRand at 1609 crhwhich is assigned to the newly formed imine
(C=N) bondd®¢l We note that the stretching vibrations of the carbalogen bonds are
hidden in the fingerprint region (< 6@%0 cm! C-Cl, < 700 cm C-Br, < 600 cmt C-I),167]

therefore these vibration bands are not presented in FTIR spectra.

To further characterize the chemical structure of the four C8Escrosspolarization magic
angle spinning (CPMAS) analysis was performejijre 3.33). All COFs exhibited a distinct
peak at 157 ppm, confirming imine bond formation. An additional peak at 93 ppm ¥#Cthe
spectrum of the WA-I COF indicates the presence of d 6ond. In contrast, th&C NMR
signals corresponding to carbons bonded to chlodi@8.(4ppm) and brominel@2.87ppm)

in the WA-CI and WA-Br COFs, respectively, were less distinct due to overlap with other

carbon resonances in the 1090 ppmregion of the spectrum.

A good thermal stability ofthe COFs was confirmed by tineogravimetric analys (TGA),
Figure 3.34. A weight loss of 10% under the dynamic TGA conditions was observed at 403 °C,
419 °C, 404 °C and 378 °C forW-H, W-A-CI, W-A-Br and WA-I COFs, respectively.

The optical properties of the COFs were examined using invig\diffuse reflectance
absorption spectroscopgnd are presented as the Kubelkank function (F(R)) for solid
materiald® W-A-H and WA-CI COF exhibit an absorption maximum at 580 nmAVBr at
611 nm and WA-I at 572 nm Figure 3.2a). Assuming direct optical transitions for all COFs,
the optical bandgap energies were determined using Tauc plots, yielding 1.70 eVVAad W
COF, 1.66 eV for WA-CI, 1.62 eV for WA-Br and 1.61eV for W-A-l eV (Figure 3.2a,
inset). The observed decrease in thgicalband gap energy correlates with thereasing size
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of the halogen atom, consistemith previously published result¥:36% 7% This results from
changes in orbital participatidft’? Additionally, the optical properties of the YW-H COF

were compared to the previously repoft8dVursterterephthalaldehyde (WA) COF, which

is structurally similar to the anthracene moiety but lacks the additional fused benzene rings
(Figure 3.35). UV-vis spectra revealed that the-A¥H COF exhibits a redshift of 97 nm
relative to the WTA COF, along with a significantly reduced optical gap energy (1.70 eV vs.
1.89 eV). The transition towards longer wavelengths and the concomitant reduction in bandgap
can be attributed to the augmented conjugation provided by thuséd benzene rings present

in anthraceng&:74

To further investigate the optical properties of the materials, photoluminescence (PL)
spectroscopy was performed on the series é8W COFs Figure 3.2b). All anthracenédased
frameworks exhibited strong emission in the red to-ndaared region, with emission maxima

at 755 nm for WA-H, 757 nm for WA-CI, 771 nm for WA-Br, and 776 nm for \AA-I.
Consistent with the trend observed in the -U¥ spectra, the emissi profiles display a
gradual redshift with increasi neonugtooanen at
modulated electronic interactions within the framework. Additionally, PL measurements were
performed for the WITA COF to serve as a referen€Eigure 3.36). In contrast to the
anthraceneontaining systems, YWA exhibited a markedly blushifted emission maximum at

670 nm, consistent with its reduced conjugation. This mirrors the trend seen in-thie tata.

The consistent redshift across both absorption and emission spectra highlights the impact of the
e X t e n-gystem provided by the anthracene core in lowering the energy of electronic

transitiond* 7%
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Figure 3.2. Optical properties of WA-H (black), WA-CI (green), WA-Br (blue), WA-I

(red): (a) F(R) and Tauc plots (inset), (b) PL spectra

Transient PL spectroscopy measurements were performed for-theXMZOFs to investigate

the excitedstate lifetimes as a function of the halogen atom present in the anthracene linker,
with the WTA COF included as a referen¢Bigure 3.37). The W-A-CI COF exhibitsa
significantly longer average lifetime ofpé,whereas the lifetimes of the other COFs fall below
the resolution limit of s. Chlorine is the most electronegative halogen among those used in
these COF systems, and the extenldedinescencdifetime can be attributed to its enhanced
electronwithdrawing character The combination of the AI-CHO linker with an electron
donor such as YWWH> enhances donecceptor interactions within the COF, thereby stabilizing

the excited state and extending its lifetitite

To understandhe observededshiftin UV-vis absorption and the corresponding decrease in
optical band gap energy across the AMX COF series (X = H, CI, Br, I), DFT calculations
werefirst performed to determine their electronic band structures.band structure of V-

H (Figure 3.3b) shows typical Kagomlke band featuré§! along the isplane highsymmetry

path 7 M1 K1 {) with moderatdband widths, while the band dispersions in thedftglane
directon it A) are significantly stronger. Consi st
(opto)electronic properties through framework integration, the mert band gap is observed

to be relatively low, indicative of semiconducting behavior. ThRd W COF has a direct band

gap of 0.85 eVThe halogenated COF derivatives exhibit the same electronic band features as
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well as a direct band gap of similar size-AMCI: 0.85eV, W-A-Br: 0.84eV, W-A-I: 0.85eV;,
seeFigure 3.3e andFigure 3.38). However, the asymmetric halogenated anthracene moieties
break the threefold symmetry that underlies the distinct Kagumelike features. This
becomes noticeable in the band structure by a gap opening of thechia@t the K point in

the Brillouin zone Figure 3.3a) in the halogenated COFs as well as the emergence of small
band dispersions for the former flat banBgy(re 3.3e, highlighted in green).

More detailed analyses tfie HOMO and LUMO stateshow that theyare highly localized on
the electrorrich donor Wurster) and electredeficient acceptor (anthracene) fragmeras
exemplarily shown inFigure 3.3 d and ¢ for W-A-H, respectively. The same localization
tendencies are found in the halogenated COFs Kpare 3.38), emphasizing the donor
acceptor character of all four COFs. The energetic comparison of th#HiAand (non
)halogenated anthracene-¥A X = H, Cl, Br, 1) building blocks in the gas phasagure 3.39)
confirms the profound donor character ofNW> with an energetically high HOMO and the

acceptor character of theXdAfragments (energetically low lying LUMO).
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Figure 3.3. (a) Schematic representation of the high symmetry path in the Brillouin Zone of a
primitive hexagonal unit cell.bf Electronic band structure of \W-H with the partial charge
densities of € LUMO bandin orange andd) HOMO band in blue(e) Electronic band
structure of WA-Br with Kagomelike band feature highlighted in green.
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Figure 3.5. Projected bandtructure of (a) \WA-H, (b) W-A-CI, (c) W-A-Br and (d) WA-I with
bands solely located on (halogenated) anthracene fragments colored in dark red.
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36. Appendi x

36l. Experi mental section

Chemi bl s materials were purchased from Al dri
TCI Europe in the common purities purum, pu
received without additimanal upbuesbi anattiean od r

solvents were anhydrous and purged with iner

PowderrayX di f PXRaDoteiasrur @fXeRfDheasur ement s wer e p
a Bruker D8 Discovefildi éfle@dadCamEbar andi agphb
LynxEye det@8cteort ainm Brag@gtry.

Ni trogen sorpti dNntrmeg@gesur esmemptt.i on i sot her ms
Quantachrome Autosorb 1 at pp#E K.WOlhitm & . 9B¢
the measurement of the sorption isother ms, t

t urpbuomped vacuum. For the evalwuation of t he
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bet ween O. @fpo. aRdr e0. 8Bze distributiNDFTwer e
equilibrium model swciythhi adcachbnpkeesel for

Thetructure modewer eofcotnhset rG@FEsed wusing the /
soft war eF oprafic,ayRrs y mme t r yA-GIn,dA-Bfora vl W GHE s
symmet ry wlahse asptpriuicetdur e model s were optimizecd

Dr ei di nfgi eff @r triecefri nement s using the Pawl ey m

i mpl emented in the Reflex modul e -QofKatshtei nMast ¢
peak profiles were wused, and peakBad dy mmetzn
met hod.

LiguidHanhd& ancl ear magnet NMR) e a ha layssedMR e
spewera recorded on Bruker AV 400 and AV 400
are expressed iUscmadret)s amar amiel Iciadrde@ aeedt ed
solvent peaks as ODQI2rp@imH eNMR eacce T'&. Q@ .ppr
NMR .

Solid!&tMMR anBHe s$ssl'€d cspmdaa i zati on magi c ¢
(CP/ MAS) spectra were o0b3i@0 nedl iodh st aBtreu kMR
with a 4 mm double resonance MAS probe and a
of-5@s and a pulse delay of 4 s.

Four-t eansififor afF ®IdR)( s Fefic Rreaa.sur ement s wer e p e
Bruker Vertex 70 FTIR instresmeéntcolmyg cllo Bu sfliedy d
source through a KBr beam apdln tATeR swawiphl e nstte
a @Geystal. The spenohlat@aowede MC@c odkedadt g ol ut i

cmand averagedawmyver 1000

Thermogravi metri cT GaAn anheyassiusr eMEG@A)S. wer e perfo
JupiSTerd4mns@r ument equi pped with a Netzsch T
were lieamedoom temhp@naeura tsyndbde@ti® aitr af l
heating rate of 10 K min
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Scanning electron mi ¢SrEdVs ciompayg e(sS EWBr ei nraegcecsr. d e
Heli os NanoLab G3 UC scanning electron micr

operated at 3 kV. Prior to the measurement s,

Transmission electron TMEMriomzeopy WaEM)r e cnamge
Titan THh3eOmi seqoudl pped with a field emission gu

Ul tr aVi-isrn fert@uU¥ dabhsor pti omhespwessgaat.ra were rec
a PeHElkmenr Lambda 1050 spectrometer egwitphped
| nGadlest ectbarf fuse reflectance spectra were <coO
accessory and were referenced to barium sul
reflection of the sample surface was removec

| i ght scattered at angles > 20A to pass.

Steadyte phot ol uminesceorcreel @Pip) o taoimh g It @ umet i
(TCSPC) .

A  hebnuel | t confocal |l aser scanning microscope
the photol umi neseclehc@Orosf (ppowdeld, o€l W -Rr , )
CHO (X = H, cl, Br, I ) . Thdi rseaartpil cems umseirreg nmem
(0.85 NA, Fl uor 40, NI KON) . A beamsplitter

| opass filter were wutilized to separate the

Excitation wasppcoveéededd blyasaersupi Chrome TOPT
wi t hitrneopreatt e of 40 MHz. The detection system
first part featured an avalanche photodiode
I 5M) ,¢e which was used i-cno r @ @ rhkaitprdat ti sohnn goddiat nht
(TCE®) el ectronics (BECKER UrNéds dHIl VC&KE LR L ttor ames
second part comprised a spectrometer (ANDOR
camera (ANDOR NEWTON DU920)dat ar weapt uricmg ds
customi zed LABVI EW ( National l nstruments) p
s

oftware with our specific measurement requ.

ncluding extracting PL spectra and TCSPC
( MATHWORKS) .
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Density functionalMhdbohreeotriyca(l DFdgl cul ati ons 0
properties of the four COFs and their frag
Si mul ati on Pl&duktaige z(iwWwAgSPUhgenept efde o @’ ifPAW)

combinati on vBiutrfkrehher Petfr dé WBE) exchhbhaa cor
eribadumcdary condi-phasnes . cd&locultetei ognass f or al |
xtended fragments, a vacuuwasdplatedl. e aFsotr 5t |

~—+
-

uctures, w e -Jeonhpnl sooyne dd at nhpei nE)ed&dkaer icaomtr ect DM
rr- Waals (vdWw) di sper si oat o @Ee®imeitsrys opnd mi |

ameters of the mol ecul ar structures wer e

[SU RN
—

—
D

ps, where an eneregyY a@aodvar gemee¢icalknergt

tom relaxation) and 520 eV (for Il attice rel

The electronic mpundedtabongrde hwadhigh symmet
zone mrfi mhhéex @gonal unit cell . Each sidd§iment al
KidiTA was sampled by 10 points. To actcoount
esti mat e t haett hbehynbdiDiIFd a pl ev @8 c u(silBaywdaer hof ( HSE
functlibenadmpl oyed [d%llseng stomes Bihghh tsymmetry paé

Ti nlkependent Density FuhkkTt)F.onalcall bé b ad/p to{ntshA |
absor ptanont deatbaui | di ng bl ocks and-DtFfrfeWietxnt e nd
th&BH exchange correlation flb2 catsi oinnapl| earmedn tae
Gaussianl6 sbitaovaaec purctk ager spectr al broade
with a hilQotedY wiadst appl i ed. Since our focus

i nduced shifts rat her than absolute excitat

empirical offsetl!¥las is sometimes done.
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362 Linker synthesis

Kl + Cul

Cl Br 1,3-dimethyl-2-imidazolidinone I
SOl i 0O

/-

X

o)
180°C, 16 h
o/ T
o) HO 0
0 X KOH x Pb(OAc), X
EtOH,H,0 ACN .
75°C.3h 80°C.4h

o~

Scheme3.1. Synthetic route t@-halogen9,10-anthracenedialdehyd@&-X-CHO, X = CI, Br,
) linkers.

2-Chloro-9,10dihydro-9,10[4,5]epidioxoloanthracen13-one (A-Cl-epO)

By

The following procedure was adapteld®from -
Chl oroant hracene (1.175 g, 5.541 mmol , 1 eq
mmo | 7.3 equiv.) were heated wunder refl ux v
br own solution. Td & | ccromasrutmprta coenneofwlady emoni
chromat ogxXCHphlreyxah@H 1: 49 R=0.30) . The mixtu
under high vacuum to remove thehlexgcgeGlsy dn oyl
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9,1@,5]epi di elx3vn ®-GfeHplOr a aesmr o wini glotl i d (1. 62
98. 1 %) . The product was used for the furthe
'H NMR (400 )MiAz BAECECI| (7TH) 4. 2586 m,i42H)8, (4m,6 72 H)
1

II( [

Jllx& Sl '

I Y

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 f:-?ppm] 3.5 3.0 25 2.0 15 1.0 0.5 0.0

Figure 3.6. 'H NMR spectrg400 MHz in CDCH4) of A-Cl-epO.

2-Chloro-9,10dihydro-9,10-ethanoanthracenell,12diol (A-Cl-(OH)2)

HO
sIo8

The following procedure was adapteédSdlriodn t

potassium hydroxide (1.175 g, 5.225

mmo |

g

[

absolute ethanol (2-Clep@ ) ( We55 @8 aglded. 225 trhmac
solution was stirred at 75A @lefpoQ wa sh omuornsi.t ¢
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hr ouglhaytehi nchr omat ogeClaphR=0( B0D% EAHter wards
under went rotary evaporation under reduced p
h

~—+

e water volume. Additional water (39.2 mL)

irred at room temperature for -bmaea bBolurd.r

O n
—

_‘
® © @d O

ntents wedrle evaeaduuvanmd t hen washed -fwiltthr adteii oo
ceiving flask was changed and the solid w
per . The et hyl acetate was removed throug
sidueucThevapgr @airi fi ed through column chr ol
0.55 & R=0.50), profal-9r-t@ hydvreeoD haomamns hoéc
11 -dliZ\iCH{ O)ps a white solid (1.006 g, 3.70 mm

Py
1

IH NMR (400 JMHgp BHEW=( @, 0 Hzj71H9, (M. iZIHW)7, 7.
(m, 3H)4,. 249. 36m,i32H)7, (4n,0 42 H)

IH NMR (400 )MHpp ®HEOJ dxd.,4, 3. 3i HzQ4 2(H)H, SH)2,6
(d#= 7.3, 2.5i3H42z95 2(H),, 24H)0 3
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mmmmmmmmmmmmmmm
AmMM MM 2232F A hm3553=
nnnnnnn

—

T S
224 2 H
8.0 7.5 7.0 6.3 6.0 3.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure 3.7.'H NMR spectra (400 MHz in CDg)lof A-CI-(OH). (isomer 1).
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cooemmtmamndontmaunogsrros 0000000 00 smunmcsccmmom
e e B kS SECIIIIILESER
SN N
)IJ
|/I
|
|
| f
f [
ff I
iy J
1
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I i A
\"a k A
LI e L/ S
e oo
z 8 2 3
8.0 7.3 7.0 6.3 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure 3.8. 'H NMR spectra (400 MHz in CDg)l of A-CI-(OH). (isome 2).

2-Chloroanthracene-9,10dicarbaldehyde (A-CI-CHO)
O\
Co”

So
The following procedure was adapt®®hetQlom t h
(OH)O0O. 995 g, 3,66 mmol , 1 equiv.) was di sso
heated to reflux with sttiarnr ismod,utfiormmi nge aad ttre
g, 7.316 mmol , 2 equise. towddheadbdditpomnt ioovrer

guickly turning the solution opaque and brow

for 4 hour s, resulda-snkgan gne tphree cfioprintaatti eo nwiotfh iz

111



Pressynthetic modification of Wursteknthracene COF: tuning the structural and optoelectronic
properties

The consumpt-CdObwas tmeniAt ored aydmr owdhm omdt
(CBY et hyl acetate 8: 2, R=0.50 & R=0.33). Af
mi xture was concentrated via rotary evaporat

sodium carbonate (70 mL) was added to the r

the aqueous solution. The organic contents
dichl oromethane. The opaque, yellow organic
filtered, and concernamnmpd esloltiod gri essei dau ey. e | Tl hoew

column chromat ogQbaethlyy | (hhesoceantreet/ £0H: 1: 1, -R=0. 3)
chl-9r-bdt hr acenedit@GH@)e haysdean Aorange solid (0.¢
64. 26 %.

'H NMR (400 sMHz11sC3DAAIH), 11.37 (s, 1H),7i 8.80
8.60 (m,i73H)2, (fm,72H), 7.57 (dd, J = 9.5, 2.1

'€ NMR (101 MHz19ZDES, 193. 40, 135. 30, 133.
129.62, 128.98, 128.55, 128.06, 126.13, 124.

El ement al anal §91 86 c®w) cuHat( 8uW)2.3CPHe i «Cdl :( 1B . (.
%), H (3.80 %), CI (13.19 %) .
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G 5252352253335 R22388 8838
35 Gadscasemassamanansns R
f
i I |
| ' [
| |
I 1
1
Ll
l ‘LL | J LJ
o LN 7
88 £e 58
‘ : . . . . . . . . . . . . . .
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

9.0 8.5

12.0 115 11.0 10,5 10.0 9.5
f1 (ppm)

Figure 3.9. 'H NMR spectra (400 MHz in CDg)lof A-CI-CHO.
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g2 FSERIIE557237
e N RMmmmANAm NN AN
Y; e
"
1
il
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Figure 3.10. 3C NMR spectra (10MHz in CDCE) of A-CI-CHO.

2-Bromo-9,10-dihydro-9,10[4,5]epidioxoloanthracenl13-one (A-Br-epO)
o]

o)
% Br
(o
The following procedure was adapteld®from -
Br omoant hracene (2.4 g, 9.39 mmol , 1 equiv.)

equi v.) were heated wunder reflux with stirr

solution. Thebrcomsamphriaoewné ®aay emo nc htroor neadt obg
(CBY hexane 1:49 R=0.30). The mixture under
t o remove t he excess Vi nyl2émaenroc-th® b yod EleOe , P

[ 4, 5] epi di elx3on ©-B eeoh)iappoOWNn sol i d (3.18 g, 9.
The product was used for tphperifurcaeroneactio
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IH NMR (400 sMHz7, dd®DCQ = 3.6, T1. 36 Hegm, 11784, 77 3
( m, 3H), 4.81 (dt, J = 3.7, 1.8 Hz, 2H) , 4. 6
R E RN R AR RRSEEE AR SBEELDE §§§§§§§EEEE§§§
hhhhhhhhhhhh il EEREnRRER SRR ARG EREA S
(
[
|| ([
| | | |
|
o [
I P
FI_ A_Ilu"lk I JI
R T
S.IS E.ID 7.‘5 7‘.0 6:5 G.ID 5:5 S.ID 4.|5 4.ID 3.|5 E.ID 25 2.‘0 1:5 1:0 D:S D:D
f1 (ppm)

Figure 3.11. *H NMR spectrg400 MHz in CDC}) of A-Br-epO.

2-Bromo-9,10-dihydro-9,10ethanoanthracenell,12diol (A-Br-(OH)2)
HO

soon

The following procedure was adapteédSdlriodn t
potassium hydroxide (2.56 g, 45.59 mmol, 5.1
et hanol (4.5 mL)Brevp©Oe( &d2dd@&dgto8ta4 #Amol , 1 e
stirred at 75A C for 3 BrepOswaFheoocoheuvegt i
| ayer chromat ofL£h,apRy0 .(310000.% AGH er war ds, t he
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evaporation under reduced pressure to remov
vol ume. Additi onal water (85 mL) was added

room temperature for one hout#t,anr esUlitdi.n dgT hien
wer e waiclutuewm ed and then washed -fwiltthr adteiioonnirzee
flask was changed and the solid was washed

et hyl acetate was removed through rotary ev
product was purified threQbgdt lcyll uanme tcehtreo mat
R=0.15) , provi dizdrgo rRowth O h ySdoréo® h & n @ & fltlh-dliRc le n e

(MBH(OpPhps a white solid (2.01 g, 79%).

IH NMR (400 sMHz A0QGDAl. 9 Hz 7166, (M, 38H) ,6.4., 32
2.4 Hz, i23HDP4 6mPp12H) .

El emental analysis calculated: C (60.59 %),
SN ARAAEERNS SIS ATN TSNS g FHNRnSS53525%388
L e o e e e THE F T T T momomommomom
A S S et ——
I’r
{
|
!
i
.rl
s T
iy [
/) b
|
]
!
i It I
i ) |
o o e e
A T 7T
moo= = =
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure 3.12. *H NMR spectra (400 MHz in CDg)l of A-Br-(OH). (mixture of two isomels
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2-Bromoanthracene9,10-dicarbaldehyde (A-Br-CHO)
O\
Co

So
The following procedure was adapt!@BefOb)m t he
(2.00 g, mmo | 1 equiv.) was dissolved in an
with stirring, f otminngsod utranspadreandt ,t eltir@hatc
equiv.) waswiasleetdo poheéi ®al ution over a perio
solution opaque and brown in col or. The sol
resul ting i n theorfammrgneatproeciofitatelawkthin t
consumpti onB¥foOH)wtalse moni toredl aybr oughr omht o
(CBY et hyl acetate 8: 2, R=0.50 & R=0.33). Af
mi xture was concentrated via rotary evaporat
sodium carbonate (130 mL) was added to the r
the aqueous solution. The organic contents
di chl oromet hane. The opaque, yell ow organic
filtered, and concernamnmgd esloltiod gri evsei dau ey. e | Tl hoew

col umn chromatography (et hyl a c ebtraot@eptlh0e x a n
ant hraceneeaBifaHH@)e hysddean Aorange solid (1.71 g,

IH NMR (400 JMHA, 8SGDCH), 11.37J=(sl,. 91 H)0,. 58 .HZ7 (
i8.55 (m,i73H)3, (7m,7 B H) .

'€ NMR (101 3MHz19ZDTH, 192. 40, 131. 21, 130.
129. 23, 127. 95, 127.57, 1272.21.18,7.125. 50, 124.

El ement al anadl yYi0s 4dal@Qul at g ®R:. 98 %) . Theor et
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% 5553233383359 353858°2333F88
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48 g & &
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Figure 3.13. *H NMR spectrg400 MHz in CDC}) of A-Br-CHO.
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mmmmmmmmmmmmmm
NEooamoan tine o
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fausias i o g o s o o s o )

19275
19240

||
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Figure 3.14. 3C NMR spectra (10MHz in CDCE) of A-Br-CHO.

2-lodoantracene(A-1)

oo

The following procedure was adapt%®dA fmmioxm utrhee
2br omoant hracene (2.582 g, 10.09 mmol ), Kl
(5.934 g, 31.16 mmoll,-dBi3me2dhmelgwizvow)a sli mbaéed
100 ml flask. The maxduheawes wuthedi gior loubh

20 hAutrer croomdmntgermmer at ur e, brine and i ce we
pl aced in an ice bathpiftoart eslevienroarlg amdilxy ss,al ttr
filtration. The mixture under went rotary eva
of -di, Be-2-ihmildazol i dinone. The solid residue we
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was fpdrithrough ¢oQuaphyhi(zbmxbhnke/ @Hde€lt a,t e 5:
provi-dodga@t(hArdsx eaney e lll. dlgé46s®2 idmegl . 47 . 8 %.

IH NMR (400 MHz, CDCY) (i 8.36 (dt,J = 1.5, 0.8 Hz, 1H), 8.31 (s, 1H), 8.23 (s, 1H), 796
7.89 (m, 2H), 7.70 7.64 (m, 1H), 7.58 (dd} = 9.0, 1.6 Hz, 1H), 7.47 7.38 (m, 2H).

1€ NMR (101 MHEZ36.CDICI 133.491311.352,7712091.3716.,7
128.07,12162.60.43,8,125. 70, 125.17, 125.03, 91.03.

HRM&]I Cal (mel at2@3. 97m2 meadaBaared (
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Figure 3.15. 'H NMR spectra (400 MHmn CDCl) of A-I.
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Figure 3.16. *C NMR spectra101MHz in CDCk) of A-l.

2-10odo-9,10-dihydro-9,10[4,5]epidioxoloanthracen13-one (A-lI-epO)
o]

o\\< |
(I

The following procedure was adaplittald {dowmdBheg

4. 76 mmol , 1 equiv.) and vinylene carbonate
under reflux with stirring for 18 hours, slo
of -l Awas moni tloaaryeed lcyhr o miegdp/olgea xagprney 1 :CH9 R=

mi xture wunder went rotary evaporation under
carbonate, 2prd®yvitl® ihwydg, rlpdh,e5] epi di elx3wn @-kenp)h r a c e
as abdawk solid (1.73 g, 92.8 %) . The produc

addi tpiuondli cati on.
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IH NMR (400 3sMHz7,s 6QIDIGH} 7. 41 5@m, i 7LH)3, (m,342H) , 7
J= 9.2, 4.0 HIs T7R.H), Z. VidHZAIDdLHN, 23H)BB. 4. BB, |

2 H) .

HRMEIiICal cuimadB88&d, PBean/p 38® . O 6
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Figure 3.17. *H NMR spectra (400 MHz in CDG) of A-l-epO.

2-lodo-9,10-dihydro-9,10-ethanoanthracenell,12diol (A-1-(OH)2)
HO
s3io8
The following procedure was adapteédSdolriodn t
potassium hydroxide (0.985 g, 17.6 mmol , 5.1
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et hanol (1.75 mLYempw@rEel.ad2leg, tv. 3 hemmol ,

stirred at 75A C for 3 -heopu@ si. n tTehremecdoi nast uem pw a
t hrouglhaytehhi nchr omat og€CaphR=0( BODP% ABHt er wards

underwent rotary evaporation under reduced

~—+

O o»

receiving flask was changed and the soli

he water volume. Additional water (33 mL)
tirred at room temperature for -toanre shooluird.

ontents wearleg evaeduuvaimd t hen washed -fwiiltthr adteii oo

paper. The et hyl acetate was removed throug

residue. The product was puri HGheet Hyhilr cagdt atc
R=0. 30 & R=0.15), provi di ng2ioa®,mii &xh yod, rdo0 o f
et hanoat#ltlh-di2ec d-O ®Hh)as a -ywHiltoewi sh solid (1. 18¢

Yield 74.0 %.

IH NMR (400 sMHz7 dgsDCl.7 Hz, DH)7.8,48. (dHz,
(dds 5.3, 3.31Hz03 2HM, IFH)NT.43.,302.(6ddHz96 2HM,

2H) .
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Figure 3.18. *H NMR spectra (400 MHzi CDCE) of A-1-(OH)..
2-lodoanthracene9,10-dicarbaldehyde (A-1-CHO)
O\
Co
S0

The following procedure was adapt®8-(fOdm t h

(0.159 g, 0.43 mmol , 1 equiv.) was dissol ved
reflux with stirringtanrdogaoniwmtgi can.t rlaenasd atretnrt g
mmo | 2 equi Vv. )wiwaes taod dtelde poaltutoinon over a |
turning the solution opaque and brown in <col
hour s, resul ting i-nr atnhgee fporrentaitpiiotnatoef wa t da rnk
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consumption of the di ol i nt ed rme/ckir a tcehsr ownar & ¢
(CBY et hyl acetate 8: 2, R=0.50 & R=0.33). Af
mi xture was concentrated via rotary evaporat
sodium carbonate (30 mL) was added to the r
the aqueous solution. The organic contents
dichl oromethane. The opaque, yellow organic
filtered, and concernamnmpd esloltiod gri essei dau ey. e | Tl hoew
col umn chromatography (et hyl aceta®edbexan
anthracenedCdD)denhgdan(Arange solid (0.414 g,

'H NMR (400 3MHzL1s BBCH), 11.33=(%,71H2, 9HL3 ¢
J= 10.8, 7.1, 3J=39HZA, HZH) A+H§ 93 %, B, 648dibz2, 1H)
(m, 2H).

'€ NMR (101 MHz 19ZDES, 192. 52, 135.828§0,132.
129.47v, 129.19, 127v.90, 127.67, 127.35, 124.

HRMEICal cumaB8&@, Peanip 836D . 0 2
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Figure 3.19. *H NMR spectra (400 MHz in CDg)l of A-I-CHO.
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Figure 3.20. 3C NMR spectra 101 MHz in CDCE) of A-I-CHO.
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FT-IR analysis of linkers

s

[ iy
L

3500 3000 2500 2000 1500 1000

Transmittance (a.u.)

Wavenumber (cm™)

Figure 3.21. FT-IR spectra ofN,N,N',N-tetrakis(4aminophenybl,4-phenylenediamine (W
NH2) (grey), anthracen®,10dicarbaldehyde (Ad-CHO) (black), ACI-CHO (green), ABr-
CHO (blue) and AI-CHO (red).The vibration of the NH group in the WNH2 moiety is

visible at 3370 cm.'”l The carbonyl stretch of theiXi CHO linker appears at 1672t
1[18,19]

363. COF synt hesi s

W-A-H COF synthesis

WNH(9.22 mgmoll9.152 -HECHO9 . ad4d megmoB 9. @250 eq.)

fi
al
mi
pr
pr

lilnetdko a 6 mLolplyowed tlhuypet he addi el)o,n boefn zcyh
cohol (8nNQH)an(dd 060 M dqget iTheadiube( Waki sreal e
xture was heated at 100 AC for 3 d. After
eci pitate was saxttri ant efdi | wietrlreddr YSoXHFgt an

essur e.
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Figure 3.22. Simulated structure of VA-H COF.

W-A-Cl COF synthesis

W-NH(9.22 mgnoll9.152A-CéHO1 add mgmol39.20.50 eq. )

filled mhtpyadxwI|tlwbwved bGHG(M4O0LH ddiBniGdn (ef@od
6 M acetiat)aciThe(l1@@be was sealed and the re;
for 3 d. Af ter cooling to room temperature,

filtereaxt Soxthéetwith dry THF, and dried und:¢

129



Presynthetic modification of Wursteknthracene COF: tuning the structural and optoelectronic
properties

Figure 3.23. Simulated strature of WA-CI.

W-A-Br COF synthesis

W-NRB(9.22 mgnoll19.1520-Be@HQ (aln2d. 1ABemmg, 29 .00=q. )
fille@d mintpyraefxoltlwbveed by the addl)t,i obin @H (c4hd
eL), and 6 M @dqgetiTheadiube( Wa® sealed and the
100 AC for 3 d. After cooling to room temper
filtereaxt Soxthéagdtwith dry THF, and dried und:é
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Figure 3.24. Simulated structure of VA-Br COF.

W-A-I COF synthesis

W-NH (9. 22 mgmoll9.1520A-I-€H 0D 4 .a5hd mgmo13,9.20.50 eq.)

filled mhtpyadxItlwwed bgHGM4L4eOLY ddIiBiniGdn (acf@nd
6 M acetiat)aciThe(l1@@be was sealed and the re;
for 3 d. Af ter cooling to room temperature,

filtereaxt Soxthéetwi th drry dluktF,d apnrde sdsruireed und e
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Figure 3.25. Simulated structure of WA-1 COF.

W-TA COF synthesis
The synthesi sTHAro@F duas odap tVeldWNHqdmhSm®® | it
40.emo0l , 1. OAEGEOE)AT ArjddATBWAAO0 mgmol8§0.200 eq. ) Wi
i nt® nml pyr efxoltlvobweed bwmesheylaagdopt (BBOHBE) (1500
and 6 M acOebt) ¢ Blke dt {H& was sealed and the

AC for A3tdr cooling to room temperature, t h

filtereaxt Soaxthéagdtwith dry THF, and dried und:é

364 Structural analysis

W-A-H COF uni t cel |
a = M. 286 0hm4ll nm

U =9@00°0=120°
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Table 3.1. Fractional coordinates of MX-H with symmetry P3.

cCi1/0. 70/0.56/0.60
C2/0.520.530.50
C3|0.530.50/0. 67
C4/0. 49 0. 52/0. 33
C5/0.590.57/0.51
C6|0. 60/ 0. 55/0. 37
C7/0.630.55/0. 39
C8/0. 66/0. 580. 56
C9/0. 650.61/0.609
Cl1(0.620.600.67
Cl1]0. 95/0. 55/0.50
Cl1!0.940.57/0.67
cC1j0.910.57/0.68
C140.880.540. 52
c1!0.88/0.510. 37
Cl1(0.920.520. 35
Cl1]0. 840.56/0. 52
C1{0.80/{0. 56/0. 54
ci1{0. 77/0.530.70
c2(0. 740.530. 73
C2]0. 740.56/0.60
c2]0. 77/ 0.590. 45
C2]0.800.590. 42
c240. 77/0. 50/0. 84
cC2!0. 740.47/0.00
cC2(0. 71/0. 48/ 0. 04
c2]0. 710. 51/0. 91
c2¢0. 77/ 0. 620. 32
cC2{0.80/0.650.16
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C3(0.83/0.65/0.12
C3/0.830.620. 24
H1/0. 680. 530. 62
H2/0. 55/0. 51]0. 80
H3/0. 49/0. 540. 19
H4/0. 580.52/0. 23
H5/0. 64/0. 53/0. 26
H6{0. 67/ 0. 63/0. 81
H7/0. 610. 62/{0. 78
H8|0. 96/0. 60/0. 79
H9|0. 90/{0. 59/0. 82
H1(0. 86/0. 49/ 0. 25
H110.920.500. 23
H170. 86/0. 59/0. 49
H1]0. 80/0. 50/0. 82
H140. 74/0. 45/ 0. 11
H1!0. 69/0. 46/0. 18
H1(0. 680. 51/0. 96
H110. 74/ 0. 63/0. 34
H1{0. 80/0.67/0.06
H140. 85/ 0. 67/0.99 3
H2(0. 85/0. 62/{0. 19
N1{O. 55/0.57/0.50
N2{0. 70/0. 59/0. 59
N3|{0. 84/0.53/0.52
W-A-CI COF wunit cell
a — b4. 265 ®G.m4 08 nm

U =9m00°5=120°
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Table 3.2. Fractional coordinates of W&-Cl with symmetry PL.

Cl10.430.140.59
C2 0. 850.290.59
C3|0. 700.56/0.59
C4 (0. 47/0. 46/0. 49
C6 |[0.530.00/0. 49
C8 0. 990.52/0. 49
CcC140.53/0.50/0.67
C110. 490.020.67
C140. 97/ 0. 46/0. 67
C130.50/0.47/0.66¢6
C140.520.02/0. 66
C150. 97/ 0. 49/0. 66
c140.590.57/0.51
cC1490. 420.01/0. 51
C1§0.980.40/0.51
C190. 60/0. 55/0. 36
C200. 440. 05/0. 36
C210. 940. 39/0. 36
cC220. 63/0. 55/0. 38
C230. 440. 08/0. 38
cC240. 91 0. 36/0. 38
C230. 66/0. 580. 55
c24q0. 41 0. 07/0. 55
C270.920.33/0.55
C280.650.610. 638
C290. 380.040. 68
C3(00. 950.340. 638
C310.620.60/0.67
c320. 39/0. 01/0. 67
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C330.980.37/0.67
C340. 440. 39/0.50
C330. 60/0. 040. 50
C36¢0. 950.55/0.50
C3710. 42 0. 36/0. 66
C38§0.63/0. 05/0. 66
C3¢0. 940.57/0. 66
C4(00. 42 0. 33/0. 67
C410.66/0. 08/0. 67
C440. 91 0. 57/0. 67
C430. 450.33/0.51
C440.66/0. 11/0. 51
C450. 88 0. 540.52
C46¢0. 480. 37/0. 36
C4790.620.11/0. 36
C4§0. 88/ 0. 51/0. 36
C4490. 47/ 0. 39/0. 35
C500. 60/0. 07/0. 35
C510.920.52/0. 35
C540. 43/0. 27/0. 51
C530. 72/0. 150. 51
C540. 84/0. 56/0. 51
C550. 43/0. 240. 53
cC54q0. 75/0.19/0. 53
C570. 80/0. 56/0. 53
C5§0. 46/0. 24/0. 69
C590. 76/0. 22/0. 69
cC6(0. 77/ 0. 530.69
C610. 46/ 0. 20/(0. 72
C6240. 79/0. 25/0. 72
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C930. 830.65/0.11
c940. 37/0. 21/0. 24
C9430. 78/ 0. 16/0. 24
C9¢0. 83/0.620. 24
Cl 10. 67/0. 440. 20
Cl 20. 31/0. 18/0. 94
Cl 30. 810. 12/0. 94
H1 |0. 46/0. 14/0.61
H2 0. 850. 31/0. 61
H3 |0. 68/0. 530.60
H4 |[0. 55/0. 51/0. 80
H5 0. 48/0. 04/0. 80
H6 0. 95/0. 440. 80
H7 |0. 50/0. 45/0. 80
H8 0. 540. 05/0. 80
H9 |[0. 940. 49/0. 80
H1dO0O. 58/0. 520. 23
H110. 47/0. 05/0. 23
H140. 940. 41/0. 23
H130. 640. 53/0. 26
H140. 46/0. 10/0. 25
H190. 89/0. 35/0. 25
H140. 67/0. 630. 381
H1370. 36/0. 04/0. 81
H18§0. 95/0. 32/0. 81
H1490. 610. 62/0. 78
H2(0. 37/0. 990. 78
H210. 00{0. 380. 78
H2240. 39/0. 36/0. 79
H230.630. 03/0. 79
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H240. 96/{0. 60/0. 79
H250. 40/0. 31/0. 81
H2¢0.680. 090. 81
H240.90/0. 59/0. 81
H2§0. 50/0. 37/0. 24
H2¢0. 62 0. 130. 24
H3(d0. 86/0. 49 0. 24
H310. 49/0. 420. 23
H320. 57/0. 07/0. 23
H330. 92/0. 50/0. 23
H340. 40/0. 27/0. 49
H350. 72/0. 13/0. 49
H340. 86{0. 59/0. 49
H3470. 49/0. 29/0. 81
H3§0. 70/0. 19/0. 81
H3490. 80{0. 50/0. 82
H4(d0. 540.290.10
H41310. 70/0. 25/0. 10
H4240. 740. 450. 09
H430. 53/0. 23/0. 16
H440. 76/0. 30/0. 16
H4490. 48/0. 17/ 0. 94
H440. 82 0. 31/0. 94
H430.680.510. 92
H48§0. 37/0. 11/0. 33
H4490. 88/0. 25/0. 32
H5(0. 740. 620. 33
H510. 32/0. 120. 05
H5240. 87/0. 19/0. 05
H530. 80/0. 67/0. 05
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H540. 85/0. 67/0. 98
H530. 37/0. 23/0. 20
H540. 76/0. 13/0. 20
H570. 85/0.62/0. 19
N1 0. 440.420. 49
N3 |0. 57/0. 01/0. 49
N5 0. 980.55/0. 49
N7 |0. 70/0.59/0.58
N8 |0. 40/0. 10/0.463
N9 |[0. 89/0. 29/0. 58
N1(O. 46/0. 30/0.51
N110.69/0. 150.51
N140. 84/0. 53/0. 51
W-A-Br COF wunit cell
a = M. 263 O.mM409 nm

U =9000°o0=120°

Table 3.3. Fractional coordinates of ¥X-Br with symmetry PL.

Br]0. 67/ 0. 440. 21
Brj0. 30/0. 180. 93
Bri{0.810.120. 93
Cl1/0.430.140.060
C2|0. 850.290.60
C3|0. 700.56/0.509
C4|0. 47/0. 46/{0. 49
C6|0.530.00/0. 49
C8|0.990.520.49
C1(0.530.50[{0.67
C1]0.490.020.67
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C1!0. 97 0. 46/0. 67
C1]0.50/0. 47/0. 66
cC140.52/0.02/0. 66
C1!0. 97/ 0. 49/0. 66
Cl1(0.590.57/0.51
C1]0.420.010. 51
C1{0.980.400.51
C1({0. 600. 55/0. 37
C2(0. 440. 05/0. 36
C2]0. 940. 39/0. 36
C210.630.550. 39
C2]0. 440. 08/0. 38
c2:0.910. 36/0. 38
C2!0.66/0. 580.55
cC2(0. 410. 07/0. 55
C2]0. 920.330.55
C2{0.650.610.69
C240. 380.040.69
C3(0. 950.340.69
C3]0.620.600.67
cC310.390.010.67
C310.980.37/0.67
C340.440.39/0.50
C3!0.60/0.040.50
C3(0. 950.55/0.50
C3]0. 420.36/0. 66
C3{0.630. 05/0. 66
C3({0.940.57/0. 66
C4(0. 42 0. 33/0. 67
C4]0.66/0. 08/0. 67

141

properties



Pressynthetic modification of Wursteknthracene COF: tuning the structural and optoelectronic

C410.910.57/0.67
C410. 45 0. 33/]0. 52
C440.66/0. 11{0. 52
C4'!0. 88/ 0. 54/0. 52
C4(0. 48 0. 37/0. 36
C410.620. 11{0. 36
cC4:{0. 880.51/0. 37
C410. 47/ 0. 39/0. 35
C5(0.60/0. 07/0. 35
C5]0. 920.520. 35
C510. 430.27/0.51
C510. 72/0. 15/0. 51
C540. 840.56/0. 51
C5!10. 43 0. 240.54
C5(0. 75/0. 19/0. 54
C5]0. 80/0. 56/0. 54
C5{0. 46/0. 240.69
C540. 76/0. 22/(0. 69
C6(0. 77/ 0. 530.69
C6]0. 46/ 0. 20/0. 72
C610. 79/0. 25/0. 72
C61{0. 740. 53/0. 72
C640.430.17/0.59
C610. 82/0. 25/0. 59
C6(0. 740.56/0. 59
C6]0. 400. 17/0. 44
C6{0. 82/0. 22/0. 44
C6{0. 77/ 0. 59/0. 44
C7(0. 400. 21/0. 41
C7]0. 780.19/0. 41
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C710.800.590. 41
cC7310. 490. 27/0. 83
c7r40. 72/0. 22/0. 83
c7!0. 77 0.50/0. 83
C7(0.520. 26{0. 99
C710. 730. 25/0. 99
C7{0. 740.47/0.99
cC7{0.510. 23/0. 03
c8(0. 76/0. 28/0. 03
cC8]0. 710. 480.01
C810.480.20/0. 960
c8J10. 79/0. 28/0.960
c8+0. 710.50/0. 89
c8!0. 37/ 0.140. 31
C8(0. 850. 22/0. 31
c8]0. 77 0.620. 31
C8{0. 340.140.16
C84y0. 850.19/0. 16
C9(0. 80/0.65/0. 15
C910. 340.180.13
c910.81/0.16{0. 13
C910. 83/0.65/0.12
c940. 37/ 0.21/0. 25
C910. 780.16{0. 25
C9(0. 83/0.62/0. 24
H1(0. 46/0. 14/0.61
H2|0.850. 31/0. 61
H3|0.680.530.61
H4|0. 55/0. 51/0. 80
H5|0. 48/0. 04/0. 80
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H3(0. 86{0. 59/0. 49
H3]0. 490. 29/0. 81
H3{0. 70/0. 19/0. 81
H3{0. 80/{0. 50/0. 82
H4(0. 540. 29/0. 10
H410. 70/0. 25/0. 10
H410. 740. 450. 09
H410. 53/0. 23/0. 17
H440. 76/0. 30/0. 17
H410. 48/0. 17/0. 94
H4(0. 82/0. 31/0. 94
H4]0. 680.51/0. 92
H4{0. 37/0. 11/0. 33
H4{{0. 88/0. 25/0. 33
H5(0. 74 0. 62/0. 33
H5]0. 32{0. 12/0. 06
H5]0. 87/0. 19/0. 06
H510. 80/0. 67/0. 05
H540. 85/0. 67/0. 98
H510. 37/0. 23/0. 21
H5(0. 76/0. 13/0. 21
H5]10. 86/0. 62/0. 19
N1(O. 440. 420. 49
N3|0. 57/ 0. 01/0. 49
N5(0. 98/0. 55/0. 49
N7|(0. 70/{0. 59/0. 58
N8|0. 40/0. 10/0.8%(
N9 0. 89/0. 29/0. 58
N1(0O. 46/{0. 30/0. 51
N1]0.69/0.150.51
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N1j0.840.53/0.51

W-A-| COF uni t cel |
a = M. 263 .4 08 nm
U =9®00°5=120°

Table 3.4. Fractional coordinates of M-I with symmetry P1.

Cl1/0.430.140.59
C2|0.850.290.59
C3|0. 70/0.56{0. 59
C4|0. 47/0. 46/0. 49
C6|0.530.00/0. 49
C8|0.990.520. 49
C1(0.530.50[{0.67
C1]0.490.020.67
C110. 97 0. 46/0. 67
C1]0.50/0. 47/0. 066
C140.520.020. 66
C1!0. 97/ 0. 49/ 0. 66
Cl1(0.590.57/0.51
C1]0.420.01/0.51
C1{0. 980.400.51
Cl140.60/0. 55/0. 36
C2(0. 440.05/0. 36
C2]0. 940. 39/0. 36
C2)]0.630. 550. 38
C210. 440.080. 38
c2:0.910.36/0. 38
C2!0.66/0. 58/0. 55
C2(0. 41 0.07/0.55
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C2]0. 920.330.55
C2{0.650.610. 638
C240. 380.040. 638
C3(0. 950. 340. 638
C3]0.620.60/0. 67
C310.390.010.67
C31(0.980.37/0.67
C340.440.390.50
C310.60/0. 040.50
C3(0. 950.55/0.50
C3]0. 420.36/0. 66
C3{0.630. 05/0. 66
C3({0.940.57/0. 66
C4(0. 42 0. 33/0.67
C4]0.66/0. 08/0. 67
C410.910.57/0. 67
C410. 450.330.51
C440.66/0. 11{0. 51
C4!0. 88/ 0. 54/0. 52
C4(0. 48 0. 37/0. 36
C410.620. 11{0. 36
C4:{0. 88/0. 51/0. 36
C41(0. 47/ 0. 39/0. 35
C5(0. 60/0. 07/0. 35
C5]0. 920.520. 35
C510. 430.27/0.51
C5]0. 72/0. 15/0. 51
C540. 840.56/0. 51
C5!0. 43 0. 24/0. 53
C5(0. 750.19/0. 53

147



Pressynthetic modification of Wursteknthracene COF: tuning the structural and optoelectronic
properties

C5]

(o)
(@)
)
D

Co5 ¢

I
o
N
I

Cbo5 ¢

~
a1
N
N

C6 |

\]
\]

N| Ol
ol W

C6 |

I
o

C6 !

~
(e}

C6 ]

\]
N

C6

Co6!

C6 |

C6 ]

C6

C6 ¢

C7(

C7 |

C7

C7 ]

Cc7!

C7(

C7]

©| © ©| |l | O ~| &l | & | & O O O] N| N| N O] O OO O1
Q| O O W| W Wl P P P & B B 0O ©Of O N N| N ©O] ©|] ©O] W

C7

C7 ¢

o O
NN

C8

C8 ]

o
o

C8 ]

(o]
o

C8

| 0
Q| ©

C8

Cc8!

Ol O] O] O] O] O] Ol Ol O] O] O] O] O] ©O| ©O| O] ©O| O] O] ©O| ©O| O] O] ©O| ©O| ©o|] ©| ©| o| ©
O O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] ©] ©| ©| ©o| ©
O O] O] O] O] O] O O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] O] ©] ©| ©| ©o| ©

o wl N N A NN g NN g NN A o N AN o BN o
g N k|l o O Pl o P D w N NN oo oo NN ol AN oW

N | G N N BN N RN N NN G R N G N R gl N R g N
N B O] o O] o o W N| U] o o] N N[ © © k|l o N N o g N w oo

w| w
o| O

C8

148
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c8]0. 77 0.620. 30
C8{0. 340. 140. 15
C84y0. 850.19/0. 15
C9(0. 80/0.65/0. 15
C9]0. 340.18/0. 13
c910.81/0.16{0. 13
C910. 830.65/0.11
c9+0. 37/ 0.21/0. 24
cC910. 780.16/0. 24
C9(0. 83/0.62/0. 24
H1(0. 46/0. 14/0.61
H2|0.850. 31/0. 61
H3|0.680.530.60
H4|0. 55/0. 51/0. 80
H5|0. 48/0. 04/0. 80
H6 0. 95/0. 44/0. 80
H7|0. 50/{0. 45/0. 80
H8 0. 540. 05/0. 80
H9 0. 940. 49/0. 80
H1(0. 58/0. 520. 23
H1]0. 47/ 0. 05/0. 23
H170. 940. 41/0. 23
H1]0.640.53/0. 25
H140. 46/0. 10/0. 25
H1}0.89/0. 35/0. 25
H1(0. 67/0. 63/0. 81
H1]0. 36/0. 04/0. 81
H1{0. 95/0. 32/0. 81
H1{0.610. 620. 78

0 0.99/0. 78

H2
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H2]0. 00/{0. 38/0. 78
H210. 39/0. 36/0. 79
H210. 630. 03/0. 79
H240. 96/0. 60/0. 79
H2!0. 40/0. 31/0. 81
H2(0. 680. 09/0. 81
H210. 90/0. 59/0. 81
H2{0. 50/{0. 37/0. 24
H2{0.62/0. 13/0. 24
H3(0. 86/{0. 49/0. 24
H3]0. 49/0. 42/0. 23
H3!0. 57/ 0. 07/0. 23
H310.92/0. 50/0. 23
H34{0. 40(0. 27/0. 49
H3!0. 72/0. 13/0. 49
H3(0. 86{0. 59/0. 49
H31]1]0. 49/0. 29/0. 81
H3{0. 70/0. 19/0. 81
H3{0. 80/{0. 50/0. 82
H4(0. 540. 29/0. 10
H410. 70/0. 25/0. 10
H410. 740. 450. 09
H410. 53/0. 23/0. 16
H440. 76/0. 30/0. 16
H410. 48/0. 17/0. 94
H4(0. 82/0. 31/0. 94
H4]10. 680.51/0. 92
H4{0. 37/0. 11/0. 32
H4{0. 88/0. 25/0. 32
H5(0. 74 0. 62/0. 32
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H5]0. 32/0. 12/0. 05
H510. 87/ 0. 19/0. 05
H510. 80/0. 67/0. 04
H540. 85/0. 67/0. 98
H5!0. 37/0. 23/0. 21
H5(0. 76/0. 13/0. 21
H5]10. 86/0. 62/0. 19
Il 1/0. 66/0. 43/0. 22
' 2|0. 30/0.180.91
Il 3(0.810.11/0. 91
N1(O. 440. 420. 49
N3|0. 57/ 0. 01/0. 49
N5(0. 98/0. 55/0. 49
N7(0. 70/{0. 59/0. 58
N8|0. 40 0. 10/0. 58
N9 0. 89/0. 29/0. 58
N1(0O. 46/{0. 30/0. 51
N1]0.69/0.150.51
N1j0.840.53/0.51
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365.Si mul ations of different halogen positi

; N tri
Py
)

c B hex
9
£

100) s combo

0ol— | A — . .

2 4 6 8 10 12 14

20 (°)

Figure 3.26. Simulated structures of W-Br COF when halogens atoms are facing (a)
exclusivelyinto thetrigonal pore(pink arrows) (b) facing exclusivelyinto thehexagonal pore
(blue arrows) andc) with a combination of two halogens facitggonal poresand four
halogens facing theexagonal poreper unit cell.(d) ExperimentaPXRD pattern for WA-Br

COF (placK and simulatedPXRD patterrs for simulated structuseof all halogens facing into

the trigonal poregpink) and into the hexagonal pores (blue), as well as the simulated PXRD
pattern for the combinational structure with halogens facing both types of pores (purple)
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366. TEM i mages

Figure 3.27. TEM images of WA-Br COF showinga) dominant Kagome structure with 120°
angle and (bXistorted crystalline structure and revealing a lattice angles of approximately
100°.
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