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charge separation in photovoltaic devices.
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|l as Kell er OpndeTlreamasosnBei Processes, in C
m. S2&0t oRédw. submitted

al ent organi c fr amewoarkdse nasraet i ome aotfe dmotl h
cks, resulting in crystalline porous ma
e attracted great scientific interest ¢
earedSimce00OBen, thorough investigations
|l i cations where covalent or ganiocr ofursa maenwd
stalline nature of these robust materi al
| i ttyune dti n@n atomic scale makes them at
Famel,ecul ar>® gae ¢ areateir gy F us tt dhrea greo.r e, t hei
perties and their optical behaviour i n |

ton condut%iimg pmat ¥idiaalasiynsi spt oel ectr on
$H%Y sgmi t t ieBfodi @hot ovo?Ptaic devices.

ef athractive features of coval ent orga
mistry in combination with the vast c¢cho
be chosemnjfigamedobhonds suétaraisojbwg otnead
me WoH&sce, one can not only decide if th
d but also adjust the degree of conjugat
oelectronics, t he tunabil ity b & FmMaodre al e
orption and photoluminescence behaviour
ge of c’REwempphveriscal |y demanding side
mewor k by employing an asd¥pmmehercphuame;
be adjusted to some dedreamensisonadle (s2 @)
anic frameworks, which controls the natu

ers and can pr onradtvee dt heex cfi®arenda tsipoenc i cefs .1 on

this review, we wi | | di scuss recent stud

explore their potenti al regarding key



1 I ntroducti on

charge carriers, suitable absorption bands f ol
f or -dmigthtti ng devi ces.
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1.1.1 Linkage motif as a key feature controlling ele ctronic interactions

(conjugation)
A power ful approach towards tuning or contr
vary the | inkage motif with which the buil
|l eading to the fcaomiallyendf oacrgyanti-@1 b o mdne wopg &kcsi
i nvolving boronat e!Tehsitse risi naknadg eb omootxii fn ei s i nmog
not resul t i n conjugated building Dbloecks.
conjugated heter oj uneatcicoenpst ohb oeOFex amphe Bha
and the missing colnijoaagtaitamsn ihma sotlhenri toepdt caeplp

Addi tional dynamic (slightly reversible) bc
the way towards new functional and stabl e
condensation of Bnealbdephgd6é@andMeagami sgndheeosi
300 from the co9osmdhengdt)imen hafnet eatnrda t er ep ht he
COF and the first COF wusing 3'mhine Mo toikfagk e
conjugation throughout the frameworks acr os:s
absorption and photoluminescence propertie:
| arger conjugated, conskict eddastgprtesnsa |l EBvhan htel
stability of these (often) highly cFrlyisntkaeld i
COF s, i mine bonds are stildl sensitive towa
COFs by e mpl-eonyb bnuigt ®ameloe&etcawr ri ng in buil ding
groups adjacent to the aldehyde furgt3i, &n.
triformyl phlppdeqlyd cinced ida miesp-ghiyd ny | e nyeidd |ladre dn «
t he COFls alnpdP2aT pePaatsipv el y. By means of an irr
COFs adopt a stable form that i1 s prevented
water and aci d2 ewhenm esalsowdd TtprPrardy resistan

I n general, a rotation around the i mine bon
rotation of the building units, hmodve veear onei
for a way to overcome this undesired rotati
groups of Lotsch and Yaghi devel oped two di
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R R R R
5 : -H,0 + 1S, +3S, :
| Q = A . »\.1"./\5
i +H,0 i i -H,S Q
A R | R ]
1 2 3 4
Fi gblt e Gener al scheme of the topochemical conv-

COF. Reproduce d38hoptyhr ipgekrani@sOsdi 80Pru.b | i shing Group

Il n one appfCIOFLt A, made ophénybhzahdehyde and t he
was treayetdhettisecal ly with el emental sul fur a
conditions, aromatic imines oxidize to form a
The resuC@RF nghoweld hinghs tealbe cltirtoyn abneda pr ovi ded
study the | ocaFRFi glili’efcdteu rge obuyp EM Y@ghi chose a
towards creating the thiazole (and oxazole) |
by oxi datioa,LC@QEWaiszatlirst synt B¢ ®if Beadk i sf(rdo m
formyl phenyl ) ppylreemyel e nkeydd aannii enfe, 4 he subst i tuti c
wi t B ,-dbi ami no-bedhiztehnnleohy dr ocehd d2r-tbdami nohydr oqui n
di hydr otcch Il yirdd@Hd CaOWHd9 2,ZUr edpectivel y.

A lshgnding aim of the COF research community
on?s@rbon conjugated bonds. %6AF goalROWasbwnch
and-wobker scCOmewas synthesinzsad lbp-t pp8swkdad4s

formyl pheay |l g ptye temaaaddadreenrty Ineomdedi acetoni tril e U
reactionFi¢ghdieBd oends dn these findingsagr mdamer C
double bonds foll owed, alstaddy itydiicatoifngrtelad
further applications but also that the COFs d
as tunable |Iight emission with high PL quantu

evol a%% on.

A di fferent approach towamdksdaCOdssiwag demel ot
andwobokers iard0mg.Byd, adziéne (-briMohyyleda ncda r4b,adlNj e h'y
undetgofaduoroatceltyzed calddol conde/m0latwiotnh rheiagcht
chemical 3fShboursttinyesafeer . ai Avkeatjgat ey zme db asled
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OHC CHO
R cN

é? + ¢
OHC O O CHO e

TFPPy  PDAN

sp2c-COF

Fi gl e Sweh eddCEMHp synthesis (A). Crystal structur ét
COF exhibitingstoackes eadnd yr®npor es. Sc h'envantjiucg ad vi e
(D) and many |l ayeth peE)BoRypomhmeRkdddn Associ at.i
of Science

condensation of TMT wli,t3h 5 etrreipsh(t4h afl darénalyelih)ypghe
t o-COA arCdOR, resplectively.

The above examples illustreacei omns VY ahatetyeo
for constructing COFs, hence offering many
stabili-mgdef CORSEl obn optoelectronic devices.

1.1.2 A-Stacking z tuning by proximity effects

The mode of stacking a'nsdy sttheemss teanchke dndge dd iisnt a
means of adjusting their electronic propert
the Jiang group i n-s 2OOIBI, n gt LEFF pislgemit M8 1 z e
2, 3, 6 -h7e,x1a0h,yldlr oxyt r i phenyd2edlieb o rHHNTIiPC) aacnidd p(y
seen as a promising characteristic for a
conductivity was merachueg eme talpgpd .,y i s1lgo vaitnhge oi n ¢
stacked, covalently connected buildinr§ bl oc

This pumpdiirctatti@mne hef i snpackiamg i n COFs for o]
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F F FF

= = =t =
onc—@—cun wc—@—cno OHC—), ~CHO OHC—), —CHO
— 4

TA TA F F FF
{100-X mal%) TFTA TFTA

(X mol%;
X =25, 50, 75)

2.5 nm

CuP-Fh COF ' ¥ CuP-TFPhy GOFs ' *  CuP-TFPh COF
(antiisommes, X = 50)

Fi gl e Scheme of a COF s ymampelsd seenitespriyemen ¢t i ngt
the middl e aneht CeOFc aanfid hoCluBRY FO. ul BReeepd  wi f h¥T oppeyrrnii g

American Chemical Society.
order to control the stacking of the COF | aye]
groups have investigated different approaches

modudyast em of COFetsyminhtasild.edChere i nterl ayer
seddmpl emeenteartyr oni ¢ i nteractisoambmsti Patedalalrgne
fl udulsti tut ed arCeh,est hen iantperripehyeri ni nteracti o
tunkEeidgfd e Al ong withHhibnheraoctiremasedt he crystal
and thelLWHWOMQap was reduced, suggestiny an enh
Sever al concepts aiming at geomgasd@dedcsysacall
were el aborated by our group. The studies hi
prop-alnide a rsncahpasaon d t e tbruaidlednitnagt ebl ocks with thei
(1,11 2t2hbirmygs4 phenTEP) eatntda npey r e n*é *Herrees, p etcht d vefl ty
used tetraphenyl pyrene | inkact walsat npemene es$
an i mportant building block ffTohre sgwnehalonopgztde
induced by the chair conformation of the pyr
formation of severay pbaghkheéeFi ¢OHBCandii cmer adlee
del ocabtkexattahni omlsepsacc kpe gt alplyepe newasd aclkkser ved
and it was @Hastogsrexfoenrt ahabns are posdJihblke acr
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na stable COF Py-3PE,,, COF

i ™=
X PyaPCOF 7

FiglukeThe struct possofblteh & odiffofremagritons of t he
of t-hP EOF with pyrene in the armchair confor
COF syntheses (d). RefFopdgucgtt wahh pheeAmiiecsasl i oSno.
descgmncadpdtows f or a bmade 2 n@E@F s fwidttall Leapatt er

buil ding blocks for applications in photoca

The group of Loh studied the pGQ®Rsolaunm nienstcre
approaches to overcome f 1-'uionrteesrcaenrigieolngEckn algi
i mi ne tthaantdscoul d potenti al hyer dti &3heea uwrodokr,s
proposed-itrhtadr Itdhyeer i nteractions in the sta
wi t h-pal aalnoanr bui |l ding bl ock such as TPE. | n
COF nanoparticl ed nidrucwehd ch raianurmv gthttad ie@ms |
and dec¢remasedacti onscausted aggeeghi hgn ( ACQ)
shown to “e disabl ed.

I n the second woadfttkh eo fi ntimee Lboohn dig rboyepi,en t Ir @ enlo
hydr ogen bonds t o i nhi bi't t he rotational |
i ntramol ecul aRl R)o,ndt hreotppaitatoonlsunfi nescence of
I n addition, this RIR mechanism could be i
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Figlselntral ayer hydr ogeng btoon den hanscted cd mirsostias
(a,b,c). The combination of intral aaynedr daunad iennti
and the strategeymitssi olet aCiOF sst rRemg lydw @& d2i 0glhdt,h
Publishing Group.

bonds that occur in FihgkS ecBophedi COF ofr hygdi
could be used to tune the PL emission wavel encg
rel aetcd d-sptseecdk@F&i t hou't hy dreoxgheinb i b @l d sai ggknei rf i ¢ a n
fuor es®ence

Recent work of the group of Zamora showed th
phot ol uminescence behavior of the COFs. By mo
1,3,5 beona¢detyid@ardibféeor my | p,hliotr owhbepm®s shi ft
stacking from the stagger &d gtuB) et hAes eac Iciopnsseedq ufe
this change turns on thfkadldadbrrldOEeEhdce t o the
decr é-aismtder acti ons betweehAnhtehepryramer cdc o mo@
the stacking mode is by steric tuntiongt hoef ctohree
struct#reasndidn3o, pSh e ny | )tboe ndziedntfe® clleanatdgs b e it ehwei or ; W
absencel o¢hailks creates an AA stacking, et hyl
ABC stacking. The study investigated binary,
(terepht hal -l dasniiyndoep h ehy3 }Bb eprhzeenryel ,di 4 a4 boxal de
2 ,-Ri"pyrSi,dhi'car bal dehyde) and t-Ir,i 3,05 a & r bad [ddeehhyydc
and foirsmy4dphehtyl )amine).
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I n order to investigatkeowhme TPEaman il datnigo nun
propkl kerstruecaemt wor k i ntr o dduicbeedpjzaohmr o/vseeln e
(DBC). This chryseneCubondd eahatresaaséedi ai m
tetradémnoamobehor e. The studies showed that
clsely packed docking, with the interlayer
comparison with analogous *CTRstadmbenddieng ot
established the influence on the phoG@@HFxumMinN
compared to the COFRsapesdsi T@Et hdhprepbabhheed F

the DBC COF are postulated to be the consequ
photoexcited species across the DBC stacks.

a)

5 3
L) "
> IMDEA-COF-1 =
- v
3 <
AB-Small Pore 1 oA AA-Small Pore
l ] l As n AB-Big Pore AA-Big Pore

2-thetal® (A= 1.5406 A) 2-thetal® (A= 1.5406 A)

-GOH utcagr ébd f-whAlMEEABc ki ng, r e
actionl*@aotpy.r i ehgr 2dDUBe d Awmietr h

Figua eThe crys
experimental di

1.1.3 Self-assembled H- and Jaggregates

When a specific spatial stacking arrahegeg mea
forrord Yype aggregates within the frameworKk

the (transition)dipoles occuradgr egathee)r odri s
(in the extre€ael  asahkmigigpreaamttA Ja resul t, t h
change amdhiddte dalfwea e ¢ & esehHa nt de da ¢ dorr é & ahtee .J
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I n the wenk adfheDiarud hor s synt hediased & Ofe twalelra
the stacked phth-abgcggataesThoemghkeHtHecol dmnes
pht hal escyaei mat enhahcexdhibtesasity of the abso
and NI Rslisgmi conducting and allows for an in
COE%aghi -vamrdk ecros weuree acblireomoophor eyabsbdrptciaonn
H-aggregates of perép haynrdl 66OETi tgsr oiurp GOK cover ed
choice of the |inegrihialhggreglaeée esatcouéeé dobepaemw
Jaggr eFgagtl® e( The solid COF matrix enforced the

Jaggregate hfiocrhmaltednt o wstrongly enhanced absc

stabilized phot oexde ctaeyd dypreacmiecss .wi t h sl ower
a b
51000 oh
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-g | < 3
X 0.5 Los 2
o] 9 S
Q 0]
N N = 5]
© © g
E E 3 fi3
3 2 R E BT -
2 1524 |
o L e 859
0+ F——————-00 0t e
400 600 800 1000 1200 400 600 800 1000 1200 1400
Wavelength / nm Wavelength / nm

Fi guit(ea) Optical absorpfioonCOFl mepsspedt asmdof flise refl
converted wiiMbnikhat Kobeatdga d 6BL n(m, bl ac¥or s®Oct r U m)of
Absorption sffect COFof( bt we) TTCompaiedot @TD paenedmeproa merrys i n
(Pomeasured in diisMut éidoReapire)diucre d( WiChpypei mhs si2®M1 8, Amer
Chemical Society.

The for matgigor gaft ed i-na sheodr oQGH se weasst eirnvesti gat

Dichtel. Theyaaiddhpdtptdatag dedve sf or protected ca
the 1 ssue of blnoscoksu.bl EBhibsuiway,ngit was possi bl
stacked phidaésddc@miinre whi ch the p-bBgbakgayanir
connect ehemyl Enebi s(boronic acid). This type

i nduceldi bt uef st he amsormptirmmadmaxingai nto the N
no@emi ssive behaviour compar-adgnt e®g athee snteaad k i nmog
pht hal ocyani nes “Bfonuoltdhelbe s¢ anmfyi rirmevde.st i gati ng
boronatfeor enat € ond ,(BMNpndza | di bor oni c 2a8i 6 - T BZQLBA)
hexahydroxytriphenyl emye WaHhHTaRvwh)o vaahsa | pyesrefdo rt meed
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of the interlayer distance on the phosphor ¢
show that next to t ha&g®r Kgreaiea bfaort 6 m anhdckh
an i mportant factor for tufiigl@?® he photol un
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E_aadatiadas Layer Distance = 3.4 A
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” f l» 3,
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Ty J» 3 A
&
BZL-POP Three-Dimensional Molecular Rotars

Fi glb& eStructur-@8F,0 fQ@H, o PBZLL and BzZL POP and th
Reproduced wi‘“€Copypei mhssi26018, Royal Society of

1.1.4 Theoretical insights into stacking and growth behavior of COFs

First theoretical -Bsiamlloavteidon ®rbasddnecr dDR™T O
regarding structure andnanelragsgade fCQFise. i Tnhvee
modes of the 2D COFs considered hesryanmed e
versions such as serrated and inclined. It

and inclined liemtdettloayerssi mtepudsctivens and s
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Figa9e Calculated COF | ayer stackings AA, AB/®
Copyright 2109t i tBeti.l st ei n

di st &nga9 e( However, the simulated XRD pattern
reveal ed tthatki nlge sABws a distinct di sagr eeme
Furthermorepfthéebaedpepbaved hC@md awerae £tdert o
bet ween 1.7 eV and 4.0 eV, i ndicating that th
nothat the stacking mode as well as the dista
banddmatpi.s work was supported by another stud)
stacking nbdérawigom all;56 O0R&)d (elC® Fbey ami enrf Gnluens e
results are in good agreemenett sehlowi ndret hdteot
hexaglCOFall ayer-BPBn CEHITiPpdh,ednNy | but adi ynebi s(boro
are slight-lyj8°éffset by 1.7

Anot her study showed that eclipsed stacking
couplingdjodcente GOMHHINF®yed s COFsa] | o wiemgby or ch
del ocalization across t hlei ls¢ atcrkandper taudfthodel!

carriers with promisPxg mobility values for C

The effect of stacking was -odllsaon ei ndved sotd i ngaat ti eod
vacancy defects in the COF sheets. To investi (
and defects wer enusnbwedi eod floarycensft hienr @G r ved t
COF sheets i n ge+wdrlalnee xdhreifhboirtinalea rogash goeutabov e
i sol ated COF monol ayer s. I f the COF | ayers a
significantly and the role of defects di mini
proporti ordpll atnoe tdheeF ioaguniaPe.i o n (
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Fi glulrOe @uptl ane deformation as a function of the
(b) i-m. COReFproduced >Wopyrpeghmi 29i1&8n. Ameri can Ch

Furthermore, simulations of the crystalliz
enhanced st acktimegg buwitlediancd i lbolesdéosir api € O&ks s e
monomer s, acciompraend idndyamanunt of deHiegcutrse c

1.1)1°The authors suggest to use solvents tha

|l i nker mol ecules with decreased stacking fr

Fi gulrle View of calculated clusters during synt-
membered rings and sk.or eRepmr adwacead liSWotphy r pgiROIFL:
Chemical Society.
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1.1.5 Other appro aches to structure COFs

Since there is a | arge pool of buil ding bl oc
conjugation or stacking can be varied, but ot
buil ding blocks can ke dvedilgnddheamrad mbo mtart @ lolne
el ectron acceptor units in the COF can | ead t
spatially separated donor and acceptor col umn
COF matemtalracsiaa@a synthetic target for poten
such as organic photovoltaics. Conceptually,
acceptor/ donor molecules into the poress of an
(in 2D COFs) such that donor and acceptor st a:

charge separation and transport.

Hence, by modi fyi Ag pteheNifPacd eCaOkreomalll 4 penzene
acid and (2,3,9,10,16,17, 23, 222wodcthahgteokypt
def i ci eaumti tlsi rsauarh a sy i bed ndzeodt haioanddi laezcot IR M mat er i a
was el aborat edD-A uCO@m esy bhtnh dshiznradDraknedr sc,o0 wher e
triphenylene building block assumed the role
bl ock representt.edT htihse daecsciegont oarl lunwed f or si gni

electrons as well as°®Woaré¢éherasdupghesochodvedt
Superheterojunctions Charge Delocalizations
y'd ¢ ¢ \ along Columns

Figulr2ze I 1l ustratiomaodeqgddarmgarir@@®MBDdoRPbpbtediecd u ®
occurs directly to the adjacent acceptor and
depicted as arrows along thel>@Cwlpwmnsg.htRe@Oridkdu
Soicet y.
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generation and -Aefpraa md womtk fs enofaanndtrsqgei o second
and that i-ti veddaepamad oog in the re@Eignoref
1.1 p°®0

The desiAnheotferbDj uncti ons i n COFs | eads t
photoconductivity, whichf ragil otaus alf pBlt WPGSF d e <
reductive fehphogenai-DIBRAOCBIADATCOFr deorr adi
pol ymerrfExvetni amhwectiindd omfeamomptical i heh-hei ®&m
TAPA COF caondteartanre migo’r dyad.

Fi gululr3 Charge density2di sattr itthet icom dfueart i ©@OF band
maxi mum (b). (c) Hirsh2eldwi pobpludaal odi pdbloesodn
and hydroge at omsan rwidt)h dfdf)s eEtn ebRgypwredadal gaeodr ew
Copyri ghliloRr 1Wi,|ey and Sons.
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ot her approach toasgyephesezktaocoesersedbyoabt a
a fr alcitneanr olfi nkheerTdh eisre YD o@PKRs t hen oper at e
I I s f-modiaflikegshef ull erenes that cael éet raotnt a c |
natsiZm@cN @K ipg eci sel y c onranceccetpetd ntgo ftuh e eerleenc
e ¢ RaFunretl hser , Crommi e, Ya@OiF and hLia dneV elcc
terojunctoifort heomsaimet icrhg o mo p htohree sp.o rTphhey rci onn dae
ore A) and the porphyrin aldehydayecoCOFB)
O.n Etvleough the COF corsaissetds bsudlladliyngofbl paks
ceptorenis induced by the asymmetric 1 mine
d valence band to Fbghll®%Ze onto different c

th t-ihh@end wdbesi gn strategy introduced by the
Nt hesi-zeddbmwposfatad ébmyr ene bearing amine and al
i I di ng -bbildo(@dk mey(l BINBBI sa(mMd nophenyl )pyrEme ( BFB
sultimngdepétrmndant synt hesis of the COF | ead:
nthesis. The fil ms-ofpei@acipVestiingpttedvaki daep
ansporafi®ng materi

seit delv.el opedipaogectgvutrte relationship for t
novel COFs for eév/optuentucp @t @ee athael ykay fH
hanced efficiency, the studmace mMp@QFeds eppen
calculations. From these studies it could |
d charge <carriaesr tgreannesrpaotrito ni sa sc rweclila l for t

water spli%ting of COFs.

Fu
st

co
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rther treat ment met hods such as pyrolysis
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1.2 )1 OAOAAOQGETT 1T £ 1ECEO xEOE #/ &0

Covalent oog&asi cahr amedesi gned to contain i

absorb visible I|ight. Changing t heacsciezpet oo f
features into the framework can enhance th
degoteconjugation between the Iinked buil di
bet ween the | inker molecules play an i mport
Wit h COFs, it is possible to thusncer behress en dote ¢
the visible but also in the (near) infrared
t o rel ax by -emdsat ome ode mayn. The emi ssi ot

phosphorescent nat ur e,ondeppaet rhdvanygs aodne stihgen esdp it

of l i nker mol ecul es.

1.2.1 Photoemitting frameworks

The ability of COFs to serve as photoemitte
focus on opitDeealt @rtolpea madgugereedg agtui eonnc hs tnagc ked d ¢
| ayers in 2D COFs, t he*®Pur tehneirsnsoiroen, itsh eo fptoep
formed during condensation of amine/ al dehy
phomohescence bdepteardpert atbldTnbde sreo tiantsiiognh.t s

devel opment of first design principles fol
building unitsnithmadtcethoemiaggregat  AbE) .- For

basedpCOpehbapedr apydenreylIPEt) h uni ts wefle2-cédnlle
tetrahydrtox ybketinEZhem@@HPeE PL properties of the
fluorescewycelgsamtfumd2% in the solid COF ma
mo d e | coempoapderyl et hyl-ginraedglr abdteerrriLc qaaind
(QY) was enhanced in the COF implying that
conbute to the HiAghersPIlg@Y svalavegy taking

mechani sm was based on mechanical-¢d yoreditmatgil
phenanthroline building bl o&kK®. wakbe fiommner It

emi ssive i n the tmeda aE RTRA Ifiomknerwhwas spat.
adjacent Ilinker, thus enabling rotation of
was restrictedoodrude ntad i hgbe phenant hroline ul
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COF-500-Cu

" o
b a B &

.

COF-500
Figuit#££ Motion of the phenyl ene groups of t

h
demat al ati on which enables the phenanthroli-b
Reprodubegewlimbepiyonght 2018, American Chemica

e
8
|
central EFTHBAlrye nkkeirs (restriction od nWboamredr ot a

emi s% on.

We have recently developed a stratedpysaldl owi n
COF series by an asymmet r ibc ofctidrsd tnigo rnt anli isz aatpipa i
the steric repul sion wasn mp axd kni rege do fe ntalbd ilnign ed 1
(4T) uni t s. The concept cbntdreaedsiondged Th winlsd ie
bl ocks such as 3,3"'" dibgtpl, 5[ 2,2diBkaH4hal dz'hy
t hi ercop Br4d obliXd5 one ( TPD) Hdntdhi o bh e me d B8(f MTe)d

quater th4¥ppeinel t was shown that the optical

COFs can be precisetultitughedn a@OFs awl bhedptre
emi ssion far iFitgoulrteh e ANDRt i @egiadbhy( for the fi

between thed4gynueneé samadrioles t hé®i mine bond was
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‘Wavelangth / nm Wawalangth ! nm Timae { ng
Fi gudé Optical properties of COFs built wi t

modi fications on the backbone were enahbdpperdo dowy

per milg®bpwright 2017, American Chemical Societ

Hal darrelported ¢tED fwirnht 1CB@F |1 cS8BERPsting of
and a trifor myl resor aN-met hyhpy(ENMMFA)e dshOdw edd
bright white emission. The source of the wh
of ‘'tshtemacked ant hracene units acting as a bl
the red and./3pepeoaemi sgi ome white |ight emi
angle, the firsedrwpbohtl ant @®Rsdgsathowed s
COF was designed to be3an ¢3dtblvadti npal taiyoend paonc ki e
in complementing the blue emission feature
| ant hdmiedeasu.t hors succeedsdat el iswgghmtt bemii zti evrg
varying the excitation energy the emission
i ght .

Recently, - ankeod oKORsyprtrh@si zweads i n t he forr
suspensi ons -basned hsiyss tseonh,u ttihoen emi ssi on of t|
coll oids was suggested to originate fif-om el
stacked COFs.

Synthesi zi ngr y&AQFal si nignl es-i agsdistufi t adt ieorf omar
forward for the structaoafalCORasd(dpmoonadr aha
| i NnXECDORB 0&B,03, -719ZU anldl 1L Zathlde f b o r ebnaasteed eXsDt eQOF

and -CPF'Next to str udcteu rSnO& lionisdisghwer,e i nve
transient abgorsgtoipgn t(0TA)desngadty the excitat
of the crystallite. It was observed that fo
with decreasing crystallite sizes. -@htteasn berh
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Fi gulréee Schemati c owersvisdwe dofc hmhhgreorc-axcited dGOR

of the phenyl ri-ngt ewmactilansesbeti wdhem htehe PDI a

hole transfer from PDIL tReprbdupedphEgo pby pimaont s
Publishing Group.

anni hilation. The probability of excitons gen
on larger crystallites where the drystallite

Ultrafast chaAg@ORFdecamsdadd® rfiri@enrhOl @2 net etracar box
di i ni Rl ) and porphyrin building bl ocks, cou
spectroscopy and f-adit Abatisct uthokedcudyar naodny nam
Photoexcitation oDFthea®®l taoanchaofethener at.
injection from the PDI chromophore to the po
crystal |l attice of the framework. The -charge |
assisted |lbdy, tehsep escciaaflfloy by the motion of the p
c orFaé gulrps’

e

d phodt okedu &
Photoexcitat
neratmedogkagh
fetimed Doy

Fig % I'llustration of the propos
sha Bs -MTPPEandDBEME hexa@®PBDIY.COR)
(b) Diffusion and cobhtosgboubftibe
(c) |l sol ated free charges with |
2019, American Chemical Society.
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To study -stthaet eexdcyinemi cs i n COFs growrnr ad .o
i nvestigated-l ankedi €EOFef wi mhn&@A spectroscop
similar dynamics independent of dthaenCaOrFd trmoe
i n which singlet excitons diffuse through
siniglreg! et anni hil ation event s, charges ar
mi croseconds, exceeding | ilfyerteirmesy safe ms h aryg
ma g ni Fiuglelryg.®

1.2.2 Sensing ability

The ability to control the optical propert
|l umi nescence properties opens up the field
ot he | arge surface area with pore channel s
interplay with the photoluminescence prope
materials to sense and detect exphpbaiansd, Hf
The -oewmdof these COFs sensors occurs most.l

interacting with guest molecules or ions.

With this in mind, one design of COFs requi
with amgdisnemsaiidni ng mol ecul es. T-hiskednl bei ac
COFs in which the azine bridge acts as a p
i nteractions wiytphe ae xtprlionsiitvreo pfheedn ctlong eaf i t h e
photol umi ndhecidmer&k ed N CODIFng hydroxyl groups
framework allows foong hehattkeichdohoofh€uni
l inkage and t het hhey dtrroixgy8imhagl r olbierskagirinng e f f e ct
| i n€@dvas used for the sel ectdiivensanidn sweatse n
quenching corfMtbanthiosf met3hdd 1was facilitate
design of the pockets with-1t Bgi cydthathi ée | wi
2 -6i hydr ox yatl edreehpyhdtahiame t h2o,x5y t er &pUhstihnagl aD@EE hy

TDDFT calcul ati ons, the influence of hydr c
emi ssion profile of abaséyfmeasse ndlaudivca theodr.o n”
resulted in changes of the fr oonnfiiegu rneotlieocnu,l

coincides with f3%uorescence quenching.
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Ot her docking sites for guest mol ecul es can
detection andryemdAgalnoftmertbuorescent COF
interacts through its thioaeshemhacmhms | watdh pe
chel-anhanced quenching effect. Additionally, I
and?*Hgeesables the effici-ennt aiembordlhsd rsoamiemes
mechani sm was appliioends fionr wdaetteerc tainndg sAwc ces s f ul

gol d powdreedwdttieon and®*pyrolysis treatments.

Guest mol ecul es such as @abrarsoenipaaicrasn wvailtsho tfhoer nt
l inkage in COFs. Ewabbor a-Plen fiPiehl ¢ appsbacthe

ammonia with a fluorescence qg'dMhddwasngemalbleed o
in solutions withrammomisa bgd ©Ava tt & = e psne nrsai nngge .
mechanitgmafcen oneTATH)eitroeandmi ne COFs is sugge

oxidation of the ®&namine moiety by TATP.

Il n a straight fo&rwar dbaaaspepde 0@@FH , k mown for iits ¢
was found to be applicabl e meah ahGls nv aipso rb adseet de
rapid change abfsoU¥Yti on by pr ot onnadtuicoend oefl etch e
enri chment i n the toeaziahengnwi thyapcondwomati @
orders of magnitude oamdaRl oqu ermmnh ibreg.r evlee spe d

ammonia or by physical tréBtments such as hea

Exf ol i at imomeeod dea@DiFbi t ed s el2e éttridvnei tgrebRgshjenngo | o f
whereas the fluorescence quenching constant w
COF bul k®'riagersalectivity towards-pbNR WOF al :
( made A-Njosaf( dr my | phe-h¥b]) BjmEnds) doaarlbd e hwid € h

di aminobenzene/ benzidine) where the sensing e
col or 8Bdragmagne tcanptosl laund dyes could be detected
coHn , a -poynmteamientHng kienohi MCeOF. The intercal ated

presumably responsible for fluourfszedacarhagaenc
colloidal é80F partic
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Fi gulr8& Structure of the chiral COF CCOF 7 &pdn
Reproduced wiCopypei mhssi2019, American Chemical

By synthesizing highly flonaneshbheaett svadnsel pfeahsi:
achieve enantioselective sensing of Fchur al
118. The selective fluoresceane Quedchgngnw
enantiomers and a statiicvapoahaadeéwment whiech o

structur®dl changes.

Materials sensitiveudhwas dpettfolxua@r goodtlanen

highly desirabl e. Il n this context, -dopo®des
nanocrystal upon exposure to PFOS can funct
l'imit as | owe dseteclitbopMmeThani sm was attril
or electrostatic interactions of the PFOS i

1.2.3 Photoactive COFsz photoconductive and photocatalytic materials

The ordered structerérameWwdbkscaVv aloevst forga
buil di ng bl ocks i n cl osel y -psltaancek e ad o ncnoel cut m nc
framework architecture with its intrinsic
determining chgrbaotehesgreapopatenti al of C
Considering the combination of these struct
serving as building blocks in photoabsorbi

specthem)] eap to photoconductive material s i
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|l aid by Jiangod6s group with the report of the
its highlgoojggat Z28dstructure.

It was again JiangO6s group who designed the f
strong absorbance in the eYheibkeosppyrremmdwas
t hatcosnedefnsed to a crystalline COF | eading to
exciton migratommomnent hCOF sweargeé ef ound t o occu
wel | as in the de rreacptiido np hooft osrteascpkoinnsge. ilTehd t o |
of f ratio 6&f Thhweror&.ed eld SGructure seemed to |
showed al most no response when i Icluumiematheed . I
hotenduCOF ngma%?By i at iNkpihztihnagl ocyanine in an ec|l
coupl ed whitthb BBid,nd yst rhoanrgv d sitgihnhg result i n a
30A at a bias voltage of 1 ®ofand.® Ipbhb@btar €O
t he conducatrien gh oslpeesc iveist .h3?¥t % wi it chwi ot from h
conducti ng -ctoon daunc teilnegc tqrimomih ali ¢ g n i@@E&E Vbiuti H dti me
unit benzothiadiazole broadened the absorptio
towards near |l R photons. Charge <carrier gene
photocurre@®t aotfbiuaps tvoo |l ltSalget od arlr iVe wiod drfar2t i o

I T@easur edfblyi®§mtme rhdaerrv etsat more | i ght and to
the coordinated ions, the central met al i n th
Co, Cu and Zn. The difference in electron den

nA to 110 adéd, atwhi ichbutwed to a decrease of el

pht hal o%®yani nes.

|l n order t’'edeinmscirteyasoef tchoenj ugated COF materi al
and vol ume, JiangoGsyymmeaetpr iintirioduerd, tnvdomed h
and hexabenzocoronene, "tol tmnmdens .o plaibmep 6r &85
off l i ght measurements reveal @df aR .ph@®arocaheier
hexabenz €OFr avih ¢ me i |hdotlcyehvigrs 124

Orientation of COF films showed a significant
rapiod opresponse in oriented thin farlimSnitvead i ed
COE°Photocurrent could be greatly edharkead af
por plkymitrai ni ng COFgr avfhtee @ aGOF hehmwerd eAfar dly a
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Top Vie Side View Top View Side View

FiglLlr®e Synthesi s an@ and utcheurcao rorfe sGOoFn d-i inmg p
Reproduced wi%Chpyeri gihgsi2®dm.9, John Wiley and S«

Upoinmpl ement atsiwint chfabprotmonl| ecul es such as
COF s, it was possible to control the el ect
l'i ght . Upon UV mrirlaei ditbnemay!| &t6lbenmne under
correlates with an incr eag&ll®St frtcoonntpuacrtei dv ittoy
open ringi glulrPectTuhree frocess i s reversible b

in the visible above 550 nm and was®?2’attri bu

Since there is a great need for sustainab
photocatalytic water splitting is an obuvi
charact €EOFsti dheophotocatal ytic activation
the first indication for the great dpeostiegnne da
l inkage motif for st dlhlee slanndkreadd mpeoagpaitiyardi nCOH
showed excellent stability under the teste
absorption at | ower energies. The stacking
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the authors observed hargrynamgpnameéervi Thefph:
states in the COF generate tripl%t states, wh

I'n a further 1 mport anao rdkeevresl orpenpeonrtt,e dL otthsec hf iarns
photocatal yevofaoti bpddagenrge atchte owmat elrh es paluit thtoir
aTFPT WiOtth hydrazone | inkage for stability dutl
for achieving a b-aadgaeptbsogtabl eeé&filgialkei gvlat er
Using sodium ascorbate as sacrificial donor
hydrogen evad3@no I"*gh( umder ovii si bl ®42 @) gmriwhielrleuansi n
taking triethanol amine as sacr iCnbtligdl Tdhoinsor g
approach showed that the COF can <clearly <cor
foundation for devel opingfoewphygpesatod! ydn ga

evol 8% i on.

NH, CHO
a) HN_ O b)
~°
+
0/\ N7 N
|
07 "N N
A 0
OHC CHO
2,5-diethoxy- 1,3,5-tris-
terephthalohydrazide (DETH) (4-formyl-phenyl)triazine
(TFPT)

NN B
O},. ro»,,rajn_ox,\o\.

3

8
mé"v reL
1 i b)’
é 38 o
wd, 2m
"O‘!‘-h. Fé
R o &
o )
"

2

B kot if
.rc”"g—nzu\—O’(‘\Q.

¢

Figu2z®e Hyd#dankreadCOFFPWi th a cofacial stacking
hydrogen evolutioaciinfitbieapragenceand depositl®
Copyright 2014, Royal Society of Chemistry.
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Extending the-nducepmt svaftemr Isipdh & miicnagl tdoe spih
devel oped the first photocat hodef iblamse dofonBIL
ETTA COF grown -sthrapradeglflsdgtet headed &0 Ao [51, 2
bNj] di t h2 o) keamd o xanl d eddyippbed t i n oxide (1 TO) r
activity without the wuse of sacrificial dor
by a factor of 4 using Pt nntaengorpaatritoinc loefs aa shy
in the photoelectrochemical setup it coul d
its evolution is directly correlated to th
system coul d repaatradcing ad@misémdyi phHotion di cat
stability of 'the photoelectrode.

Further research and i mplementatioc4damnlhionun
conjugated covalent organic framegapksumi b d
stability and accessthbiplei tsye nti cromwagihc ttolre epxdri
of upOAt ’mes was apoHirddchcasplper donf photocatal
with ascorbic acidepossaedi fPitcioanl tdhoen oGOFan
promising 6Eecsldgis® of 292

The high surface area and thwe cuasadl ef bpodg
framewor ks a -fpreeni pli agf onehaf or di verse pho
water splitting. One type of application ir

organic transformations.

I ntroducizomgkatzbéebénnkage into COF systems
chemically as well as physically, but al so
energi es. Bot h c halr%lc,t e mi sGQFc s c orhasch aslit,#h4d g (
benzelnedilydr ochl-torrii fder naynndoeh z& nte , an excel
appl i-earaitemtned tail oring of a photocatalytic

for the oxidative hydroxylation of uadeglrbai o
The authors suggest a mechanism in which t
anions by single electron transfer. These e

step to yield! he desired phenol s.
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Anot her -bpd@@Eomade -dirment ho,x5 t er emamtih 8, &hydr a
triformekxihemzemee photoinduced catalytic actiyv
addicorc!|l i zat i odarryela cpthieonnysl ®ifslodc ycaonniddietsi ons and
of the COF as phot oserfsrietei zenmd acuwDtuait n afbdre &
conventional catal ysts. The propomsedf rreacitad alr
anions and subsequent reducti®d of the COF to
P SENIEG

Triethylamine K

TSNS,
PMMA MMA R
n.
/I-.) O O I.i’
it S < Kt k\
| ®

Figuda2® Il lustration of proposed mechanism for
Reproduced wi*Cfopyperi mhssi2619, Royal Society of
The desi gacodptdanoCOFgdewi themrti ettiramine uni-t
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Por-COF X = -H, -CHj, -OCH;, -F, -Cl, -Br

Figux2 Il lustration of proposed mechanism for

per mildLCbpry.ri ght 2Che6mi Amer Soanety.

hand, the group dewdl CPOdd ca nssiirsg k endgc podhp p hmyi rn
catalysing the oxidation of sul phi gl@Pldnd K
On the other hand, the -paveagp dGNWewWopledhiagh
performance for the gkxboaointéehibgpidosaykage or
str asteeegnys t o be promising for the efficient

active COFs existing of only a single compo

't i s al so peCsCsFi bhlyeb rtiod suscéoovkdOkeme | yell @ mtkiewde
oxi dati onHe fTAPRBOAh ®eIre.pht hal whdebgyMded 2t8d A)

form a hybiThd @Hporoitntcuirpel.e framework | ed to
showed superior phornedattalrydh ky ead’dM@F yt syt .0 n

Theconjugafdarnbdm csopnj ugated COFs all ows f o
and enhanced photocatalytic activity. For e
of the caenaymefioill@€OpPhmadsystem 2, 4,6 tri
1,3,5 @MFPayianaad 2, 2N (1, 4 phemylsereed) dihaec ectoc
of t he-c NADWHmMg Ingt akmat e dehydrogenase to 97
(Fi gbz}. Even without a mediator, the high
charge transfer compt esgulof i -ftihretf eGlshc ta moch sNAL
el ectron t rpahnostfoeerx cti’rtoend tChCeF .

Benefitting from phot otchoenrtnaa ln icnogn vcehrisriaon ,CCs

or Au nanoparticles delivers the required t
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TP-COF GDH

N - A
Figa2®& Iulstration of t h4i nadrutciefd cé¢ @aé n zpyhnoet osg g & i
synthesis of glutamate byRegpruadumcaeg e vdiétt®o poyargra
John Wi ley and Sons.

confinement t o drmmed r aod Heéabwablamalg éAsgacti on

asymmetric catalysis showed not onl y!®Aigh yie

The application of COFs in the photoreducti on
with a COF containing trigonal viai amime uUumninks
The aweherable to use the COF without sacrifi
CPto®*@®rth 99% yield. The authors suggest an o
oxidatiOomnaefr@Hups which further oximP%e the fi

The photot her mal effect has al sion bteletewr espy dd fe d
cancer celifclomnt aAnpymgereOF containing a stable

exhi bigbdphotothermal conversion upon irradia
cytotoxicity of the COF particles against A54
to be stalidliicaéddaa@s oss the stackptdi COF dhycerr st
spectrum all owed for enhanced I R sensthevity.
same hGGF been test ed&iucneedsiscfaull layp pilni ovatvioans o f
have also been i nvewmotrikpatsed Foy LlEamgnpadrd coat
cont aQWFspgihy st yrene showed singlet oxygen proc

was showwate bDalaceii a.

A combined approach of photodynamic and photc
materi a-LzZzdf a@BE Aganopar tnainddnest udi es s$hewed tF
combined generation of singlet oxygen and in

anticancléyY therapy.
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1.3 %I AAOOI T EA OOA1T OPI OO ET #/ &0

The designed columnar pathways and the intr
for the migrataoge odarxicet®nsbotrhcthol es ano
that ordering the building blocks -plhanerelse
coval ent bonds shows superior behavior I n
compari soeatombhemer wunits. Charges can be
as singlet excitons t-daceptparn ijantd gr fsege £ gwit
t hr ougghuelsasti nt er actsiionngsl,etoranmy hsi aghetd wh
collision of adjacent singlets | eads to cha
separation in COFs have motivated investi ga
for various reactions sumgh las thies hgadnbogemn,
surface area of COFs and adjustment of bot

realizing efficient applications.

The theme of photoconductive XOFRmRs3dwavs | dl mea

extended to the whole fifedameworlosnrducting c

1.3.1 Macroscopic and microscopic characterization techniques

Conductivity and mobility analysis techniqu
the spati al extent of the relevant popobegss,
the results need careful consideration whe
For exampl e, in a macroscopic technriegsyuwel,t sg

| eading to reduced values compraoceeds stes minc

crystallites/ domains may be probed.

A simple measur emeomtt ase¢t pp oibe e wwo ch th
two electrodes, or sandwiched in between tw
i Il umi naammige )t e ¢ympveailslobtained from whi
can be retrieved. This macroscopic techniq

bet ween the two contacts.
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Based on a simiicoamtp@arcitn ifmlbee j gfhtané¢tTwd) anal y s
| aser excitation can be used to obtain transi
and number of the generated chargleamcdartrher s,

mobility.

Anot her mathosdcoeplieactihreaude setup such as t he ve
can be applied to macroscopic COF samples suc
contact 1 and 2 induces a voltage which can be
tohe reJogeéei hetywith the sample thickness th
possible. To retrieve more data such as charg

magnetic field affecting thedmoving charge ca

It is also possible to -eddfefsegin tdreamncsiest om wihth
as the active | ayer. By -taggmpadiym ngumrar ggratt ei wiotl it a
l'inear |l y. This linear |Irtegggeneplimt tihe tchuem ems$ e d

mobility of the charge carriers on a macrosco

Going to smal |l emre sdoilnveends i mincsr, o waivnee con-duct i vi
destructicvetacd menmn hod where theadamplieni snexk
GHz range and the transmitted or reflected mi
with a | aser, charge carriers are generated o
t he wavelength. The lRbahmg@ei tatrime edest ¢ hiteand cRiUGN
to the conductivity, photocarrier generation
for the determination of the nature of t he ¢
radiati chmti mphlei ensotti on of the charge carriers

scalllteés.
| f the frequency is further increased, we rea
(OPTP), whi cchontsacatl snmetahondo.n The sample iIis opti

and phemed with a THz pul skeol eThgaiprhotiorXxel & @
electric field of the terahertz pulse, | eadin

with frequency and time after the loptiecsalanpg

|l i fetimes can be extracted. These features a
temporal resolution!''n the femtosecond region
For comparison reasons, in the fdllowing the
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1.3.2 Conducting COFs

I n 2008, wWworkhgr andegorted t he rhada,tBrs@&mi,.cbh,
hexahydroxytriphreaylpgmend HHTP)di.boTlhai st ac
triphenyl ene and ptyhreeCh®P blueid dtion ga nb |lioncckrse ai sne
4.3 nA at 2 V bias voltage compar ed wtea et he
perfor med-cwting tht aprtowoe across a TtOn®mtiPong.a
current could be increased by oxidative i o0od
COF idgype psemf@dndwacst oagain Jiangos-tgpeup
semiconducting C®ht hadtmsiyani mg aofn i-d\esf ilcii rekne
benzot hi adiFiizgili2de, e i-phfcettaosiy si s ( FPIxOGRME. 8 e
I *oOrmVv'is! Wwibteh ng t he photocarQtiheer cqpemdreat inx
for 2DMielBATDA COFnNn combi neotffiloing hwi tnhme atsiumes me n-
mobi l i tcyhVdélwa.s6 deri ved, which was attribut

chromoph¥%®re units.

Yaghi -weordk eros were then abl ecotnot as ynn tnlge s QzFes
linked by a BBé&nylandi hgnk€@OFby boronate est
(CeF6). Appl-YyYRMEG mbaehé&®, the associated COF
charge carrier mabhvils§ifioas-3TEOF an@oé &O0fFe Spdct i
whi ch waer & wof omalgni tude higher tha-prohedve

ao:"g&z°03@:"8b C e d ¥
TR OO O
) 3 y k)
o, o o [OHIgPeNi
Himsoesiito N
MPC-COFs (M = Co, Cu, and Zn) @:..-.:..:(j}-@-sg@:
bg @ 8
Egﬁ?ﬁi" ¢ | ) i

" CuPc-COF ZnPc-COF. CoPc-COF
FiguxZ2 (a) Chemical structure of met a-AAstteadc kpihnt
of MRdFEs and (c) illustration of stacked phthal
with pelP@lopgrbght 2012, Royal Society-tgfpeClemi
COF aneacl(iep)sed st ac ng2 BNoO #BeT DAAf CtORee pr e sl w lc & id nlgh
Copyright 2011, Ame can Chemical Society.

{  20-NIPcBTDACOF Y
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TOF measurement . These mobilities exceed the
amorphous silicon and combined w@st,h atlHe wl dorog
promi irme clrrier separat*’on abilities of the
Notabl vy, the nature of maj ority charge <carr.i

introducing different cenbdhasd @morvmHhyemitn me@ORI e
hoktenducting behavior with heirfivhtslomreaarsquer eada rbryi e
FPTRMC. At the cost of reduced hole transport
transport could be increased by inserting met
conducting COF wha mdoroobli6él iatnyd MR EGBe2s he i nsert |
of Cu |l ed -tomamp @i teicrt gc @amartieeridibmg@ Wi'dh. aThe
combination of botéal adnm@antspermachaaoned slsedand a
to an i ncr emats ewi tphh oa ogciureene el ect r o dCeOFs twri u dit ur e
a hiigh fomati o compared t-poOpibyrminfir ®e d@db gk Yy Oir
COF, restpectivel y.

Using thdiaoagorcekinn r al met al i n macrocycles su
all ows for tuning of the electron density 1in
behavior. This wasetfivamltdest shywnwhdiye ®nlmegal nf |
met al on photoelectric prTopMC tared bwast henvesrw
t woont act probe method whbas@@Fsa s metaanldlwa chhtehd
bet ween Al and Au el ectr did®vwal uTehse oToRIMO drtlessnu |
el ectron densities of ClOFE me@afPlcoa lodc L adi
I 10 2. Z%anhd1p#e mV'isl!0 respBEtcyiblrdd f.he -prwmobe
photocurrents of 110, 0.6 and O.0®dvalAues eampe C
suggest-neédlei gnioonl e i nfl uence of grfaitnh eb oWwOH ar
mat e’fi al

Using-drednt manosecond transient absorption spe
dor@ccepitAdr COP -wht halZacyanine mapgds hademedt & dan
(NDBhni dges were invesstuggestiaediibesbechlglge sep
within 1.4 pAs peeitrwe.enThehedeD-wtcatkaedtammawys oalgl
l ong | ifetimes of the separated charges of wup
of theéOBomatder i-aéswlivéeddteimectron spin resonan
the formati oAn coofl uormasr,gewd th t he donor phthal oc
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The |lifetimes of the separated charges wer
respecetivel y.

Tetrathiafulvalene (TTF) is known f-torrarfsframi
salts. The introduction of the TTF unit int
studi es. The charge -¢awPrhi)eranmlo bpnytraeem-Bg § o T
TTEOFs obtai-TRMC wi@de FPOMOISY, respectively.
mobility-PRCGOR hweasIT T&t tri buted to the slightl
to t hRyCOFF An increase ognituipundtee!| é&c torwidcearls c
observed when the TTF unit wastoamnslieedcaomp
the TTF radiodl deatiadnmbahcandlocs i oxtgi néd
masured on pelle®s5winmhamadthé s klatea® O mv al u
for -PINTFand®yTTOF relshecompald gbl e el ectroact.
foumyd Zhangvoakaereo phiamt itrhgeg abPuhti dCiOFe dr et Tak n

crystalline structure and showehd® a similar

Neutral State Mixed-Valence State TTF-COF

Bl ™ BB .

o= e

R SES R R SES R

R, -S S—-R R, -S S—R

=T (T

R S=S R R S:S R

R,-S.__S—R - RS S

e Gy W =

T . R” =3

Ros8 ™ SR B8 S—.R

=T T
R S_S R R S_S 5
R,—8 ~ S~ R R,28 = 8. R o o
o8 RT S _——S"Yg A = acceptor (I, or TCNQ)

Figlz® Scheme of the radi «€@OF deladd aMgd |Zeot dre nsdidy
Reproduced wli'tCb ppyerringihsts i200n1.4, Royal Society of

The condt@ict ihkeh TEgGFbeoehdn mor e edhdmpend edr ii enn
thin fil ms, where thel hiB@h tmwes el ta tntgr i voault e
del ocalization of tvhad ernacdei cTEllFy is&dgdddcskss t(h e mi
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When ai mi ngcofl aimnhidemsi ty i n COFs, the hexabe
bl ock offers attractive features such as a | a
mul tiple points for funct i-@rFanaidzatpio@amarA co
hexabenzanwdreoeeme hal al dehgdde m®mbbwkivyshofgho. 7
det er mi ATeRIMOb.y(i FhRal ues oCORF hwe HBCf olunB®Om o be 1.
VI1Si®4F yr tFIPERMC i nvestigatiobhasefi &€OBoconateéeniet
pl amexabenzocoronene deréevatcowvmeasctasd!| wintkkke r p yno ¢
t hatsutthGo f 0."%Bc V40 s not atfeetcwiesbet g Structur e
building units, which induce Ri gu@'82D struct

| nsiangl e compone@ntot @@F eidn twhiralki s ( aurnyidtrth®y dr oxy
fused by azodioxy bridges, the electrical cort
magnitude upon iodilnéef8ddpm Thetonceaabeli §2at:t
decrease of the energy barrtrapd oreadianmget arla

mobility due t° the iodine doping.

OQur group studied directiohalsedhiiOde ftt amas mac
from BDT and HHTP and showed afc¢dmr ¢lhatcikmme sise
hol e molriel imeiasurvweal |l yodeailc@l evi t h MNa @x sspeorrvtieng
and I TO and gold serving as the el-®2xtmrm,detshe F
hole mobility Iredemélds'amdt ouBnéd out to be

il luminati on, which was attributed to photoe:
states. Further mplrane weo mds elr Vst tamo fionruipe rt toe &b
thin film devices, whi ck rdxmepedesds ¢ d'éE @ neailclt e

side view Pore Alignment

edge-on view
Rigid and Distorted Marta-COF-1 Complementary
HBC Nodes Wavy (Chair-like) Honeycomb Lattice COF Layers

Figuhz2& Schematic i-twustedt HBE abdeoireduci-Q@H a:
guiding the layer stacking of!'@lcpy rdafht ReQIred
Society.
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anot her bdracrat e OdsHtHETHROFDMB2AE( Dy Befthyl-hexyl
3 ,-bi 6x%,03-t Bt 6ahydr-opyrroddiey B) Bi s dhiyophandedor

acid, akel evetre i nduce di ketopyrrolopyrrole s
the highest condu®®i &hintfyo unodf fuoprl ibookr2odn2aG GeF ek
materi al s. The measur emenptosi nwe rper ofpeméHvarl nme d

providing macroscopic conductivity values.

The application of COFs as bul k doping agen
with 3D CGFpsi rboeba ufmlinugosr ewneel | known for their
devices. The power conve3dEO&n athfdi bpednPECEP
be increased by up to 18% and thed4eld@Or on
crhvitdl Baosnedcomputational studies, the mec
addi tional charge generation and the spat.i

preventing chaflge recombinati on.

I n &€OFD dDaBEBE building block was combined
noinnt erpenetr afFiegl2p.s Tthoep colpoegyy p(or es and hi ¢

for efficient i1odine doping and tunable el
up to ZS7tmpdan ei oddoipn ng for 48 h at-p2®%bAC,
met hod wusing gold paste as &electrodes. | n

conductivi'ty thm wh.ic hl exceeds t h-€O¥Fd&?tue f oul

To reach for even higher condjucgatvihenybammdic s
connecting the buildingrétiocd&ds!| wakag@Emeri
consistingimnfkepgyrmaenizreeme rings showed ygpecon
device of a CO¥S fthmh e mfotwaldthdtw@shifsound f o
COF without any doping agent s, and that tr
orientation of the fil m. Il n the correspondi
10PS tmere obtai ppeadewimtfiha dt. wo

Miricawamklec® used a pyr azpihné alliorckyaagnd nteo nracc
a pyrene unit to fpoorinmta pC @FM.e Useitnhgoidgy ftoher tk
COF was found S thnre Up.oml ilodide doping of
i nterdigitat edeugrorledo ted aescet d obllye da,F Ttahcat loc u lod t il ¢
an eclipsed stacking of t e chhwirlgei ng amispok
stacked mMdtrocycles.
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Fi gue & Sgaitsh ofTTHHOFs 3 Dvi t-hntaerpemetratees18)ru
interpenetrate8l1&toruBRépredygdd?’BwiCyhi gt m294Do

Soci ety.

Changing the met al cent eranaf Ctuh e nmh tctroeudptd d ynagn i
butylpetemaene Miia ka gpey rpazoidrueced COFs 2Witt h Hal |
slf or t FCEOFZmMma?VOsd oamt BKCeOFCuwahPed conductli vities
1S ©m Further investigation of these COFs wi
above trend, revealing®Vrmhdbfiori tt tesd D@u Ki.On,and
respectivelTy.caMNactud mlty ,onBF suggested that an in
hole mobilities could be excluded and that di
i mobility. The boundadegplsetaitdrern enggi o lss tad d tewd e
|l wl ane charge carrier transport was-fclaadnceul at e
mobi Fi guxp?s
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Figux8 El ectronic band structures and projecte
stacked mul tpgZ.ay(ea)s Mdn naPyer amdl { d) ag erzs a tReed
wi t h pelftt@ibspsirdamg.ht 2019, American Chemical Soci

To further evolve the | evel o f-I icnoknejdu g@QF so nt
carbonjugated | inkage mot-adrsj utgoatcerde abtrei dag ep
aromatic building blocks. This is expected
stability and thus enhancedctpontge nmaitaelr ifadr. &

Jiang was able fPoaslyonjhegavzedaffaméwoslkp tha
insul ator with Ta "id® ntdm cHoiweivteyr ,o0fup6o.nl oxi dat
conductivity coul cdbdéyi mmefhdscetl off . itc r @ s

Furthermore, the spins of the generated r acf
ferromagnetic phas?Batsreadn soint i coonmpbuetl aotwi olnla | K . a
was proposed to explain theogeoddTGOF.iI ngebeh
effective mass of cairmitelres unedaadpse a of rl aome wroorb
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oxidation | eads to increased mobility values
calcul atgégdnifon thethe channelhe @afuthbesf pamew

i ncrease i n oceandnuoctt iovnlty dm thhees 1 ncreased che
framework but also aid®d by high ionic conduc
Zhang, B-wo raknedr scof urt her devel oped t his appr

semicomnmidng COFs andeabséeiesdoflmwpdtho a4 TOGA marn
from-t2r,idmét By azine and terephthal aldehyde) wl
aqueous medium at 0.2 V vs RMHEduogetni Glo.mei ai o

Il n a comput aGbioonndaeld sstiundgyl,e Cc omponent COFs <con
and-pdmphyrin buildvegtbbat&d wegarding their
The calculations predi eW'sdf mar ctaglré rambbeéll é d¢ty
pyrene COF and hol e ?2wésbi hipoepghplirphayad cZ COFcs
respecSubvseelgyuent | vy, a synthperpkdrisn p@®E wbDmp
crystallinity revdzlmydslavi Midcdoifl i3t°¢g mA¥e*®’5 1T 10

1.3.3 Energy storage with COFs

Their high surface area and the abiluidtiiywgto co
those wathivedgxoups, makes covalent organic f
in energy storage, such as batteritdhe ddpasdit
COF showing reversible redox prookegses Swacirfa
t het okeenalminnkea AQFP ®@RTIri ngaat irwadazni @@oant hraqui
uni t showed an initiallandpawiemamdea easf 5000t @y
capacitandteoonf C@®B BFulgk materi al mi xed with ceé
foundation for future applicati oifBt owa€O&gain
Dichtel s group that demonstirlamsedornt hel edtfrecdh
behavior. St-aritemige d r louwl HEAM&tFePr iG@@F lbfa charge
storage abil'3ty hofs iOnackruesesFsveedd’ i yo t3h enFerchhanced &
into the pores of orileinttyedevdanrd mesf,t re a3 udd nagy dl

Staying with the samé ifnkemdeworn bhrafguk entoonen @mii n

et al . and | ater Wu et al . constructed Oel ect
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specific capacit agilcer mpraatreem SEDiA AGMF RGRR &
wor k of Dichitkeilt ialbg viei)gh ext ability?!%nd fast cl

Banerjeavoakdr xocombiaced vehant edagui none uni-t
l'inkers embéeOddedhiisn dthreat egy all owed for t ho
el ectrochemically quéssoMst dsthee es sp e rTchaep a c iutscer 9 n\
comparing aonlhyr aQQ@HF n(oDgeTp) sheets and mechanic
bl endetdonenewi th anthraqui none:Da@amd . anfthler ahciegnhee
energy densit @WsShierm3 heen DDA WS £OFsDgrespect i

Considering the power densities, the val ues
respectively. The additional mechani cal stabi
l ed to laomsepmrswabil ity cot’fared to the DqTp

I n order to furt hneirc aln csrteaabbielvi®@tfhye oefl estchi g dorcaixey ¢
of, 3 5f or myl phweorreo gsl wibcsitniotlut ed by met hoxy gr ot
of i nterl ayer hydrogen bonds. As a result, i
formed theof®O®Engatiaon step with anthragqui none
exhibited good performance when applied as su
capacitance uPpand NBD OFhmnefF fcabr i cats oisitdtfe a sy
supercapacitor yielded a deVaod whehgy ampap
densities ©and.BWORBMh ecsplédttively.

The combination of t he -trmerceh aann tcharl d gqu isn carbd ea md
COF (see wor k oni tBarrcearr jbeoen anbanwd )i ber s i ncr ease
to outstandi nguapseoriditodt tmancepemcapacitor with a
mF @@i gu3Pp. The energy and power densi’ty were
and O msmpectively. The supercapacitive capab
of MOF, COF ahdsetthsupédchpacitors.

Jiang-wondkeas synthesi zedpoar pChOfFr icro nfsriasme wogr ko fc
|l inear bridges with ethynydazgldod-jpe&i Gaihatclhhyeld .
pi per i dgirnoyulposx ywer eoucnadv att @nt hg br atnheewor &d il ceaald |
contai nThmigs COtFr at egy | ed to enhanced capacitar
radi cal COF scaffold.
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-

N - - -

Figu3@ Il lustration of supercapaci t ecronmaitceriinagl
reekactive compound with the scheme of oxi dat
per mild&ibpry.ri ght 2019, American Chemical Soci et
The influence of t he mor phobasgeyd osnu ptelrec apear
estabiln sehesdt udy i nwvieasdaead BEA@Hhg.t baPGBZCOREEShOw
the | owest BET surface area i n t haicst i G/GF ssietre
building block, this COF featlWuedsttohactens sgihk

microtubulP®r structure.

Recentl y, a -fsuenrciteiso noafl ipzyerd dGOF-sr { madeef naoch -
phenolic trsi alhdevmy d epsoevwelra bdietn shiitggh and st abi |
i n supercapacitor -axpplviidat iconwsl.d Thhee o cerdtorxo
hydr oxyl groups attached to the trialdehyd
| artgeBsET surface and to a '$§(paetciO.i'3 nafadcami pai
density o0d%398 OW cm

For applications of Gw®»Hsk eirns bpartotpeorsieeds ,t oJ icaon
with carbon nanotubes. barbohebesedu@F mhedy
napht halenenditirmiplhenhtyd emes kintoitrsg accessi bl ¢
COF was viewed as a key fact-actifve EOF i ai et
and facilitated electron cdaRliugh ilin itdm owan
of up to ®c@6l dnSbeemdemonstrated in presse
orientation dffnhae TOFchiaeslyesd sxriiromi ¢ COF (
tri methylwdborahegen Las a couretler iad m nrge & thlet if
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The Li ion conductivity at 39 ACowadidgt pr mm
charact erhasdd sbdtotrerLiiels°f or energy storage.

I n order to trap polysul fi d&Ekibian t @0OfF etst, wasnLlOd
synthesized on a carbon nanotube net creating
Her e, boronate esters badsdosr fditoirotnh et i@ @&, sieo v & d
showing pr ohitsFiurg hreags uletgse.abi gahedn€OFs (for ¢
from pyrene and t e @&pBriibald,iatl,edeyhly)dter,i adn;i4INj, denj a
tetrafluoroterephthal alide myded ,er ®pahst hApfba&ld e dy d
cat hode méét edraitaleriiresLiwi th hilg¥fPcawasi aysandh.i
t h &OFs (for exampl ¢ ifsogdmey | phemyll), Bembzene an

pyromel litic di-aamihryadph erey |a)nadmotmideidso(sde MA@ Bas el
materi al i n Lit hieo mdiibfaft t eirdare swa Hefraegi | it ated by
materi al l-leaayde mgdstheeOeft sw wi t h superior perfor m:
material, with promisinddg*®&pacities around 10

The approach of using exfohsfaerededOfFo nanlbbsihe
batteries, such as sodium and pot assiamn dieon
mat eFTha@alreversible capacitiest™®re found to b

1.4 # EAOCA OAPAOAOEIT ET #/ & EAOAOI EOT AOE
I n the chapters ahead, we will discuss charge
the envisioned ®pe i tat e omjsunocft i QB . Al ready
overview of charge generati on, charge transp

separation and extraction to evolve hydrogen
chapter willtthe i @ifffyerderstcrapgr oaches towards
COF devices.

Several sophisticated strategies for creating
reported in the |literature.

On the one hand, we c¢cam bhwilleccudmra bhuetl @n ;mjgu Mc

columnar arrays in the framework of 2D COFs i
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stacks (named integrated heterojunction).
of Il i ght I n prsipnactiipalld yc asne gisltegrakled dohor t b
columns along which they can move and from
arrangement and given a favorable band alic
a shorn distasce to the heterojunction int
ambi polar cond®cting framewor k.

It was already shown that in favorable case
hfer amewor k due to t hestdedtkhd sl iapatrio@ac hadnones:

t
depenpdoroen si ze or pore structure but Tome t he

energy alignment of the donor and acceptor
for separating the initially ¢g0WCraantde d. UMC i
the COF structure should be spatially separ
and acddptitcre. driving force is too |low, for
acceptor to the donor, one can frax,e aspswittuhn
Apy -SI0OE>3

Structuring the COF in this manner concept

devices with ordered donor and acceptor col
and conductivity issubssocmpeding it?fet ket €8

On the other hand, heterojunctions can be ¢
into the pore -thpean€DBE 0(br avidomover sa, i ns
accetpympae COF) , l eadicdhgCOPB et e mdjeumpetnieam.atle
real i stic, the pore size needs to be in th
sufficiently | arge included phase consi sti
accessibil ivwhyeroefa st hbel opcokreeds ,por es by displ ac
ol igomers can significantly decr eageestthe
het er of>ocnipiaorneed t o the abovementioned conoc
carriers mcgkeastheduleretio pore bl ocking or i
serves -asnauchtoilreg materi al, the acceptor [
transport el ectrons:COForsheWamuBne(,maide  hen
thienothiophene and HHTP), charge anbtlegga cCt i c
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Fi g3l Schematic overview of full émamue eidn sd retcit
the framewor k-acrmcte@ t toind galag et r Rre pr o d b2 ywliaghst,
Wil ey and Sons.

derivative PCB8M time ophdteopooheaewmnd me nti mige f r a me

(Fi ga3 k. The associated optoelectronic featur
heterojunctidomnddwieceCOFastehin film grown on
aluminium top electrode. Under il l uminration,

transfer from the COF onto the PCBM,22fol | owte
Transient paldoroptciopry s eveal ed | onger i fetir

attributed to the suitable interfacle®>created

Anot her el egant approach to createepni rog dgu e s
mol ecul es includes the Hui$gectcypsdntRac@a@idt iNo n
and fullerene units whkitdgb3agn allhk ysnealdroomep o totre
filling of the pores with fullerenes that <coul
t hat an increase of fahtedenhbeceoengeat intéehesi
the amount of radical -i speceds.chahige igedecat é:
transfer tacw ctelpa ienlgedturrdrer ene Ythits clicked to

A different approach towards creating a heter.
can serve as electron donor or acceptor. This
the hydrogen r educotni oonc caurr so xoyng etnh eo xiindtaetr f ace |
surface area which allows for short di ffusi o
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application of sacrificial el ectron donors
(AgNOelucidates the advantage of this type

Aahe B . & g &g b .
wates | el Cegband i bbb bend sty Yr
prpde) - ﬁ% < ik YT
Boes. i{' & p 3y (E]i M ™
100-%% L 4 }J > .

o _'44* 8 ’ Y

3 3 ‘4 14 Y r

¥ " R et ':b‘# 5 5 . Yaut

8 - 1+ & Tt

T nawecors IR (oaaeecon {Emiiecor “wt
BN DaReCOR [Cealy £ZnPe-COF

i gu¥y2 (a) Scheme of the synthetic route for a
e pore walls with fullerene via Huisgeanxciys
nacceptor structure. [REppwydiugktd 014, pAmenr isc
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1.5 &OT 1 1 AAT OAOT OU Oi ADPDPI EAAOEIT AAOEAZ
With the abili thyastea dtert ectoymuenc COE&ENS i n var.i
i mpl emented in working devi cesprroecgeusisreisn.g GCcohvaer
already some of the devices 1| nvesstolgaart ecdelIfloro

ot her optoelectronic devices such as sensors,

exampl es.

1.5.1 Photovoltaic devices

Il n 2013, our group reported the construction
the photoacTheeolGry ettheidn TG d ant evch swistph na sol ut i

serving as &electron acceptor to achieve the

Sandwi ched between | TO and al umini um, this pl
convemnsefficiency (WCEHE) B2 fO5B.92 W3 trak dc m
fill factor 40 %. These findings prove the ¢
photovoltaic applications, but al so oesxspose ¢
mechani sms | imit3i°>ng charge extraction.

Il n related wor k, the group of -oJiiaemg eah oCsCeF ab u

materi al , madehdxami ne i @A) epgd enelot atnrsaeane
the PCBM, t herimfafl u ssiucdbn iantat4 @®/ AC was perfor me
fullerene inside the pores but also fullerene

content was 50 wt % and al so acted -asati ggue

proclelsic®@mposi tewamatse@amatd on | TO and contactec
aluminium. The devices showed an incC@Rsed pe
film device above, |l eading to a powedgofconver
98V, Jaof 1. 7?2 mAnadma fill factor of 54%. While
be enhanced, it is evident that extf%cting th
The above examples are based on interpenetrat
to insert electron accepgoons.tfAdecambienatit one
acceptor building blocks to design an integr e

columns of donor and acceptor moi etTipPer was
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COF made from | ineHT P ettphokeyron tniansfandfrr
unit to the porphyrin could be observed in
to the first wor&engsipmgt Daiced epftiFocrd dienotre r f a c
separation. The device showed superior (but
constructed from the simpl Yoconi x@¥ll2amdghdfa bui |
0.045 ™MAi g8 . The existence of severe | oss
external guantum efficiency of bel aw b»%, 2w\

to more than?330% at 350 nm.

The challenge regarding efficient | ight hat
We reported several strategies to drastical
Connecting oligothiophemndg sbhdelklones twintahb |
bands i-rnegtihoen IuURD 2Tbel@aBB8onmti amilealba&G®m Ndo I

b = PIA spectrum
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Figud® (a) Frontier or bRotral CGFnes wh ersi tosf abnodt h:
phot ogenerated charge separation. (b) PI A spec
subunidWwcur(vee) of-basheed CoxOFot deolicae and (d) t he
Reproduced wi?€Copypei mhssi260d4, American Chemical
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could be appleisgpponisnva Pph&tlddebteencdgpap wWahe e
integratidedieleatr amoi ndi @ ,0l6iNgFgodi myaltPNMersy | ()s uc
di bautsyl ,ndi-@idg (04 my | dDNNnyph)hylenoi samidh dibigso( 2

for myl tSyithNg e hbdthylenoi)s awii n chi-rggdcec tpryorene knot s

structure. Fabricating a heterojunction with

a spectrally swiffbbamherpkobbdet2adt EOBt madado
' inear thienot hi opahgeogree geantfeo rfcoerdmaetxitoem doefd tJhe |
|l eadi ng t o-heamrhveerscdtead gl iighhtt he npeeaak |rRatwiidsh wvgittrlo
stronger i ab sbhaenddsi.on

However, the extraction of the genreadjauredt ichrag
still remains a challenge and needs to be add

1.5.2 Photocatalytic water splitting

As mentioned in the chapter about the interac
evolution from watwears sfpilristtt irnegp orretaecdt iboyn t he gr
respecti ve COF (tméde r -pinreonny | )1t, r3i, bdii @ e¢-h oaxnyd 2
terephthal ohsyidopadzyi deei)spweassed i n water and in
nanoparticl es caast aplryostto na nrde dturciteitchnanol ami ne as
evolution reachedOnodtglhe sbwts e ggrha disd 1®Df7t0ler 5 |

This is a straightforward setup t-haacftciamn$eofa
water splitting occurs, otherwise the additio
create dangermd sl igraisg . mslxrd lutehees faol | owi ng publ i c

COFs in photocatalytic sysfefg5iifsororfytl eorh | gour aorga
as buil di ng oblomdkh Iteaudiomger i sm and stable | ink

Further r efsseaas hphmt oCcCat al ysts | ed to insight
and functionalization. Forfexamploeal azeidn COFTS|

the first oppheortaotciaotnaally sGOFvi t hout het etriovaer o mat

group. |I'yhe ccatcdad i vity was shown to be strongl
units in tiE£EdODAORBKIe ef rFAPmi Lo B mpl phl orogl uci nol
(et Hy-l®Rkey !l ) di aniline (EDDB)iIi dbehil onegrohen&eet
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a hydrogen evolution rate (in the pr émsclnce
hlg'Y, which was enhanced compared to a COF w
acetylene moiety. bEXtdgrditrog at e axzedtyy leenree bt
catalytic activity but | &dolttghweh ihcyhd ri csg eomn ee v
magnitudefhhiisghpasi tive i mpact of acetylene
al so observed I n rel ated @ @ mpeunt haat ni coenda | d isft
photogenerated kygyneomsei atiédg t het pbe COF.

Changing the -basad tetwanapgremte | inker cont:
nitrogen contents that are connected via ac
atoim the ring on the photocatalytic hydrog
data in combination with quanG@QPfwmi clhetmheal o
number of nitrogen atoms to be e&hbi gogbest elf
force for the hydrogen evolut-iioomh r rfemzmewaor
hydrogen evoluti onOmoatghfwas tfhaeu COFt ovilier P&
without nitrogen at @msl''gkfoarp atrreed € OF £ 2wiatnid
pyrimidine rithgs, respectively.

Copol ymers combmtjdihniomg ethiebesmuazd[one moi eti es

|l eading to significant hydrbgent ee owet gme r
performed in thegl pmiesenandobi gmii feitcant res
synt Hefshiss) .k nwavd edgansferred to e€OfFke i inmmad
ordered crystalline and porous material s on
hydr ogen e v olnudtuicoe@dO Foeyg oBa d ednif a mimn Bldirb b ha p hen
sul fone tand o M¥y,| Phl orogbutifoolk) gwioulp ansi h
already led to incredgktdwhates ecCAFepet®©Si 494
sul fone moieties doblgllwidt h ha hmhiaget ocd®c dn tr
donor ascorbic acid eth®ahdowi elkxkadePeés B8aagh
(Fi gu3Xe. By adding a dye to enhance the opti
could be increased by HdghotiCempéaothdeupet at &8
P7 (see woatk adld.v Spysecnksei t i zed COF sampl e ex
one order of magnitude, shawd ngctcdesi mperp a

téhise photocat®l ytic systems.
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Figu¥2 (a) Optical absor pproduabnhdofbhpnsphotf eodt:
COF,COP (reference withouP 6ahébogueoambyphand
of the catal-OFcanadtcfod)rteliamée dFS i ngl e ph&®&n c ¢
TPCOF and amér pRepso&&cedllfdbtphy rpiegrhnti s2s0i 108n,. Nat u

Examining rtehpel gpooesmsda datla eéoaf | yPst-t aafsa lcyo€E OB hydr ogen
reactions, i [tMeO0}Ed €U ftoaimsl itrhathe poretshiodi uam CO
brommdke 3a,r5 formyl pdx hbirlbmigl ed¢i goéat potenti al, (
stable rate of'lglfpotol183h2 mMmmel hhghest values
Ru( k®iya)s a pihtoit osrensascorbic acid as a sacrif
l oaded intol'GMHe eCORtporeéy, a combinaitien of
( TEOCsAagcr i fi cwiatl §adsbehcad 2| y st reduced on site wi
significant hydrogen evolldgifioon aac tlievaistty 2o fh unp
TpPla (made fromoflm@| phlipprheqlyd @inretdli aam de) .

Further research | ed basedetcalupgttadtpTad®nl otf s d
reported the synthesis tahnd zalwldiszgmidédige dapPOF c
(wi t h-trli,f3gr5my | phl or otghheucp Mm@t o akentoitvse) naast er i al
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O

COF* COF— kT lkl :
q [Ni--L]
- 1| Keq
TEoA TEOA ' IME] + [Ni(OAc),]

FigLb3%® (a) Schematic representatievodbiutibe. p(t
photocatal ysi s: [ R] active catalyst; [ D] dperaccd

with pellrflopgroght 2019, American Chemical Soci
studi e¢d, edl aksie er was adap@pplyised amd TdEOA as a sze
(Fi gu¥%. The system was able to del iGmelt! m hy
glf or at | eadgthidD0ahe ThesNer is known for
combi nateiroyn hwaistshse nBi t i zer mmotl'Thghr alh @ts tulpe t ©«
fully degrades within 7 h resulting in a t.
the stabl &” COF system.

Further r esmeatralh alnt enrorbadtei veceva sslked we-cdatembh v @l
i n a COFI pthiod oxyd tae m-t rmd e mfyrl orh | lo;ddD,ge-prby h ol
phenylenediamine),preductti og i @nhal'' ghfdurp gaeto
|l east 5 h. The sacrificial ddmdirf yinng ha sCQ@F
from a triazitnrei fooarmy | @rmd o-€Ng ) § d Ecp belatr vbiotnh ng
which was recently reported to show $%¥gnifi
to fo€C@FCNenhanced t hoer npahnocteo ctaot ahl yyd ri ocg epne refv
to Mnholl''ght, superior -GNo-banegd op thaetr o cgarti agl uyr set

1.3 pL.oo

So far only photocatalytic hydrogend,e wohliutei
oxygen evoltuot iboen osueee nmefd reach since the ban:i
band needs to be below the energynl 04B o he
of Zhang tlyeathiessize@OHBIi € pald-&6r f memh B, py-ri di n
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5®mol''gAwi t h silver nitrateOias al pHtbonhf accept c

With this work oplkasead phaet @B Rt ad yptfinrkKs€xt& iCndiFn e
constructeknéreomaddP®i th a bipyridine-bridge
catalyst showed oxygenproedloi ingadl&thetofsls5 i

Phot oel ectrochemi stry-i fdPEC)dd sexpiddateiewnc tt ihen | h

reactions from each other such that t hey oc

compartments i f $eneéésiciad. i Threacamolmeproduc
hydrogen and oxygen in water splitting reactd.i
CObased photocathode applicable f-BTTAh@GOHER i
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reducti dam rae spuhlottleo@®u ctame AV0 .\od ,bReHiBntgr ongl yt depe
of the film thickness. An increase of the i

depositing Pt -nanaifpsd ssdames G@OF cHoystem was

addressing t he i mportance of ptpHd c &0OiFo nnso.r
el ectrophoretic deposition (EPD), COF film
within seconds, featuring textur al por osi t)

Using sublsand EFPEMTAIfCORE, WHBROmg Uurrent densi:
to ZA.&¥mt 0.1 V vs RHE under otherwise the
AM1l. F6g@w3®. The EPD approach not only prod:
al so all ows f ordetphoes istii-ooent tobfy eab ucsouchb as Pt
suchcatabyst, the photoelectrolysis8o@® wate
chAfat 0.1 V vs RHE, showing the-caittadalyst el @&

photocatally$is of water.

The photoelectrochemical pr ojcearrtbioenskGwe-rge a l
COF (made -tfrriomme32t534li, zi ne ( TMTA) and twesepht
dremasted onto an | TO substrate..SQ@Qamleialri tsende
PEC currentOAd émsi t0y 20 A"°45 RHE.

The above exampl es show t he great pot en
phot oel ectrochemical systems for the gener
from water. Undoubtedly, thicreasiemg ckhnaowl ¢
stabilizing highly conjugated COFs, contro

embeddi ng cat al ytdat dluynstt s edneatl ia nt ¢yth easngds teeoin$ .

2
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L3¥8 (a) PEC |l inear sweep voltammdadgr £€m& gf ol
a film prepar eddebpyosERREdarPd aafmiolpmar Wi th
en evolution measurement under chegppeédni
film with EDX mappi ngl!dsfflo pRtr.i gRe¢ pcadalo€ b
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1.5.3 Photocatalytic CO2 reduction

Converting sG60Oks emeogyusi aihnabl e fuels can n
hydrogen evolution butr eadwsot iboyn.p hMd toaltya,l ywii tr
sacrificial-catgelnyt st shhdtkleowo L£LOIFrsd MaCdDd from 1, .
triformahbemyemazi neCOF d(rnma dee) -tfarrbdafrMy UpbBeny | )
l1,3r5 azine and hydmpahoitme athgygldy aiteiand |cyauttedrn v € ot
met hanol , wi Oholdwgi ki d P2NMCOBfTn aiato% phGr e.

Wh etnh e,c@icentration was reduced to Onéol''! ghe am
within 24N36@6OF.orThtehepr esenc ez aonfdz iodnll ys ttrraatceess t
photocatalytic selectivity, whichgamclatCOFbut
systlédms.

Enhancing the phét obat £€IOFsi caactagai hybe achi e
basedatc®al ysts into the framewor k. imdro ex £OF! e
(connected- Wi-tBrhiS5a&,idnhiNi ¥ hj) trianiline knot s),

nitrogenn csoiotredsi ncaat e a Re cemptéetusi pgoaedumpl

o

reductigynebtle@OCO as a product'’avteramohientso wrfs e
more than 20 h with the uphotodc dtEdDIAyaiscsprcoc¢eés
and shows recyclability tdt atas| éd msutndt hhee¢ ¢y

is strongly dependent ond’the ordered structur

Notably, the rhenium isiultsheeidtatby vii (CIOIF) cioan d @&
the bipyridine untirtisf.orCoynlnpehclitoerdo gvliuac iln d3l, 5no d e ¢
sel ectrievceu «CtOi on pdmo A'g@@ i8nl 1t. e presence of TE
el
t h bi pyridine |inkers were experimentally an
CO produti on rate.

D

ctron donoacgomBihreatsiyomre rigli estt dniesni g€l@dS Mimdr di nat

D

Il n a different study, sever alZna bcuonodradhi theamestda It
gui none oxygens of adjabaesed| @GPETr 6aglanid3m ml iamk d&
triformyl pekxdi bght edi solgni fi cant COOGmorl'ddgucti on
hlwi t h TEOA-CfOFr, twher@asr dheaZed COF selectivel
acid with @moldhde af sbt52n5thel’presence of TEOA
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bowpompproach for tICOFsyYymalesifs oonAPBIrtphg

knots and ter epHti hpaleanlyd edh yad ed eahnydd e4 ,ba&ANjdges)

met hyl benzal dehyde at hi gh excess as m
drances between the | ayers d efdornt ®@ @®a toimo rs
photocatal ysis showed a high selegtiuvi
eration, with a @@Ilphhbduldtei ore@edfi@mmbévhs
aturated, 3aqgue oMi sK H®A ut )sjoGh s wahdt ofsReun(shipt
orbic acid as sacrificial el ectron donc
al ytic actdrievdiutcyt itomwarhdassn Ge bul k COF, s

onl yOnoa'3hdand a sel&@®tivity of

©o ® d® S

o o

Sensors and detectors

optoelectronic properties of COFs can a

sor oevide¢ectbBor dexample, a popular appr
re the signal out put consists of fluor es
detected speci es. Engaging electronic

perties change and can even be detected
a result, compl ex device structures hayv
devel opment is rapidlyspgbgseessegagdingt

new detection systems.

group of Banerjee reported highly emiss
m TfpBOH b©bmhde-tfrrifcsofrdhy Bpbenyl ) ben-NbMe an
ami noi mi de) , | e@ad/i nfgf toentshengf inmmescthabhusnmn
eci atlrliyni2t,rdopphseabut (O NP)fl barescence que
nsfer from the nitroaromat isolciodnpsotuantde t tc

powders deposited on a paper strip exhibite

This effect was attributed to phYdaton transf
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A fifefledct tr adesvist ® r-fad @ Enfpd @éstéeucrtei on was bui |t
piICOF thim (made from TAPB and terephthal al deh
assisted condensation of theTheaif idkslfmegwoetdo tctikos na
Si2Qubstrate, themonhracmisuni 5Samd dga@l0d nm t hi ckn
deposited on top by electron beam met al evap
magni tude coul d be-pi@©OdHsawsreeddl eFvETPpO Nt Ivat &p vap
expoFumgayyE.’s

Combining tetraphenyl ethyl ene monomers as pho
el ectronnaace@@asred photodetectors witH high p
A Wand fast response times of IT.IhempPhodwled el
measurements of the COF film on graphene was
on a 23iu/bSit® at e. Due to the different el ectro

polarity, the phot ocfuiraaenittl youl d be adjusted

0.20
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Fi gb3%® ((M)cur ve -ppi@OR hfei ILpp with tested devibEk st
behavior upon light irradV addurowne -@ddOdtehreedclapr fdrean

and water vapor (blue) environmentiowift Iswti ¢ £the a
moi sture exposure of device frié@bgyaplghtcP2P01Re
Society.
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A similar approach watso cah rrceiaidcC GHh p mwhvi sgdht th o a
a promising candidate for sensing of solven
el ectronic interactions between the sol vent
or chemical nchangeviclen a L£OF thin film was
for an LED. As a result of the solvatochron
specific wavelength was alteredeptemadenit na e
Fi gu4d® n a relatédngkteddpaesrdydnie@@Fpsp | weerde a's
vapor sensors based on the ability to protc
optical changes with high sensitivity. Addi
strength and c¢emgwemtursasts ombticlhnnoesn enabl ed

protonation of the two imine bonds connecti

The dual eméd-OBi ¢madé LOeEmodmPluphlinotlo bndy 19,
2 -d7i ami nof | uobrye ntehenikdedtuomaid o mer i sms tl ®&tae i inrgd u
proton transfer was used as a sensing conce

a b c

% :. A . H,O partial pressurs, {o/g,)
; = — 0.98 oss 5
001, hk! \ — 084 — 084 &
!"

14 — 079 0.59
— 0.74 Dry

q, inm

Absorbance
AA [OD)
o
)
s
k

4 H.O partial pressure, (pip]

— 098 — 069 =1
— 088 — 064
o] — o 059
— 074 Dry
2 T : - -
suo 100 500 00 300 400 200 60O
Wavelength (nm) Wavelength (nm]

- 4 =8B nm

2 Scl\'anlnjE," polarity)

— HO {1.00) .\‘

— MeOH 10,761 ||\
54 FICH  {085)
— MeCN  {0.46) ||)
— Taoluena {0.10G)
—— Hexane {0.01}

Dry

Abzorbance

Absorbarce
t
e S
‘

300 400 500 &00 -1 0
Wavslength (nm)

Figu«de (a) GlI WAXS pafltTelICOFofiom oemvVissp®Phsarept i
di fferent mo(ics)t uHwemiddoicteyd ntad.sor baAvd s @thasmged.i o
saturated solvent atmospheres. (e) Sol vat@scahtru
N»streams andDFTacckal c(ufl)atTeld el ectupon-etlkxdoowm &

ground state to the first si ngtlreatn sd>»xai tcehda r satc
permild®oppright 2018, Nature Publishing Group.
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sensor. Further morwtylsteehaicmd | we rdee mamtdri ondyu cbe d
caused quenéhing (ACQ).

The sensing abilities of COFs were also appli
detection of met hayblegtleyso xnad | |(iMQGCs) dioaagndoisi s i n
the -TpE®F hceoudepr ot onHatlealn datl etakded Ny it ©c rae arsOe d
emi ssi on. Upon exposure to MGO, t hestatce t ed,
chatgensfer co@pl aekswithl M&d an exci pl ex. By

|l ogi c gaglkisf,t ¢dhef redr escence upon MGO exposur e

signal, | eadioug tdd agmid8as yc rdeeavd c e .
More examples of COFs as sensing material exh
as el-reicdhr omrenes, proteins, or metal traces.

1.5.5 Light-emitting devices

The |l uminescent properties of COfmihdve gbedrt si
have been synthesized by i mpl ementiinndgucci ffer

emi ssi om e(sAlrB)ctoiron of intramolecular bond rot

The fid&fD €OPOrted derived 1its whi-steaclkiegdht f
ant hracene units and the red and QORemotend ssi
as | FCSHRIP I't was even possible to fine tune
donor-domorO sol vent s. Upon UV il 1l u®SEREBERT7 on, a
PMMA gel exhibited intense white (0L Bt OmMI3EI I
preooidrinci fplEdD, C@fInyw(lxcar bazol e) served as the
material, whi ch was t hen i mpl emented i n an
polyethyl eni fhiPEg E@hbaoRkyb atdmalthe rgiua)é? Mo O

Applying the pri-inmcdypded odmiasgsgiroeng a(t Alom) tetra
Al Egen, was used 8 L£OBui Imédidmaniibhowmm Keentynla)dme t h
and 1t dt & Rkr @l 1 Nhenyl ) was h e o ehpidghhlayt eemihs si v e
a CIE coordinate of (0.38, 0.-&mi)tt iTrhg sp ICAOFp haoars
blue LED by coating the | atter with the COF p
coordinatée®(0.30, 0.35).
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Since | anthanides rhalvieemianlersecaednyt sphootvenn tti rad i i
recent study explored their combi naetmiotnt iwnigt
COF made f-¢ Dbm3r,d5e24Nhml y| )t r i adi i o mmy lapaydr i 2 |
hereby combi reed wintdh rtelde egmi ssi orf*afndd i bt he
respectively, coordhnpboeleiatDment hbempiemat iwa
the COF rebuteethi ghera wpon excitation in t
(0. 3636, 0. 3355¢di Of 86816t MNMaBid3®d&d)of orhe | ant
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P . ~ -

1.6 #1 1 A1 OOEIT 10O

I n this review we have given an extensive oV
pr ocescsoevsal iemt organic frameworks and .their p
Starting from |l uminescent and semiconducting

of Ilinkage motifs, stacking behavisere,s and hfi mn
the COF have been gathered over the | ast few )

the covalent coupling of mol ecul ar buil di

)
=]

=

amework and pore topologies afn tcloenbbh mial d iom

emselves. Motivated by this potential, a | a

Q =

rvesters, semiconductors, |igands, binding
amewor ks of COFghl Coopdededi shrubeuhées and

xtur al porosity, intriguing functionalities

—h 5
—_

—
D

dorfnacceptor interfaces, b at t-eefrfi eecst, tsrugpresicsatparc

photadcyastt s and photovoltaic devices have recer

The chemical saabrlttygyabff €OF8sre forihaever al
been greatly enhanced over the yea¥csarkyni ntrc
conjdgbabeds, intralayer/inteehalVentr abydmegenmi
anticipated that this progress wil/l open acce

demanding conditions.

Controlling the stacking ®OFstl ayees &ard Dteadak i
strategy to tune optical and electrical prope
rat her modest el ectrical conductivity of t he.
generation and uditfhfeusii omrv eshd wlad elde tfo al |l ow t h

for further enhancing charge cawrtlaienrk emmobdesiitgr

or by creatinggsesestablysetbmbri d host

Embedding COFs istouswuutead!| &wi dlevmoephol ogi es
applications wil/l be key-pémofrortnhaen cree xGOFge n eTrt
foundati on developed in the al most 15 years ¢
devel opment sci6cesdegaodssped intriguing appl
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enhancement | eads dam areysteaslelnit ditairyw éaOrFce dalrliitres
whicdhnbetobt airmgd dby f Xaction in normal ref]l

Twa@i mensi oniadnccoglveatte ngngy es Xattering (2D Gl
collected wsaigA)Ppasghnteonequi ppmidcwot bcuas Csl
operatkd amA5dnd an Eiger Dectris R 1M 2D d

23 ' ADI OPOEIT I

Gasopsi on mesarseuprreanseengtr y convenient anal ytic
characteristic features of porous material s
met hod i s based on physisorption, which i my
takenthe $gmpl e surface (-cahdesnoirchaelnti)n tve aaa pthiy
der Wamalces. The adsorbed mol ecules, the ad:¢
adsorptwihve h is thheeadosonttha&blrevewesdrb | ad s mrt pet
and addfomrbemtr.ous material s, the adsorptive
sample. On the one hand, there is the exter
and on thehetrken shaie@ whntcehr nasl tshuer ftaea m f or
wall s inside the pores. The r atoiro nmads st eft iah e

as the porosity of the sample.

Since the accesaimbinligistfyanodfepeme epor ® niitsshe p
i mportant to be able to distinguish and
recommenndsatdevel oped “ame 19851 Ibyud dJfPAIC and a

nanobpos material s:
(1) macropbtmhens3 (pores >

(2) mesoporesif@mres between 2
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2 Characterization Methods
(3) micropdirme)s (pores <
Plotting the relative pressure of adsorptive

pressur e

and

| UPAC d<da g2 ien

const anal

tiesptelreart mg et Haetadar & oc It a

I(a)

I(b)

~

—~

Amount adsorbed ————m—
-—

Relative pressure ————— mm—

Fi g2 el UPAC c | apshsyisfiiscoartpitdm nofi sot her ms.

Typesotshepmarseevndr si bl e i sotherm typigst@aéepor m

onset ppt sl dwe to
by the Type | i s
mat ewi ahsnarrow-~tmm)r oprod emat(&( bal $§ owi t h a

the micropore filling which
accessible micropore vol ume.

ran

mi cropores and nrarnbno)w mesopores (<

Type
first

| | ssihsoomt hehremr ever si bl e acsopbeomsfadsaoaohen

up tnmaokneo | daiysepr|l aaydss or pti on whi ch idilsayéren f

adsorption. The curvature in point B describe
multilayer adsorption.
Type I I Is iagyegiihealm f or nonporous ofr mi croporo

interacthenadsorbateo iHenaoe¢, Bt wdriehi $ ndi cates

monol ayer to multilayer adsorption.
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2 Characterizat:.

Type |V isotherms repreceompousdsherAihd ef o |
coverage and the multilayer adsorption, C i
saturation of Wy ep ame ufnitd daidrgiraed sot her ms a
| argerdntmhanvhere the calpgddsartyo clhyseasasi 9!
i sotherm shows no hysteresisobumesacpdrudd yul

critical windnt ha nodf faorro ucnodn i4c al and cylindric
side.
Type V socfothmes opor oruess ematl eer itahles Type (11 1)

adsoqalastoe bent Henhee reatiildnan.g bywyateompasi ed

Ty pVel i sotsherewmer si ble and typical for nonp

surface. Each step in the uptake correspond

The Br-bmmeTet | er moidse | t h(eB Emig s t common t ool
sorptionin stogarhmg mef Bskulr fiasc eb aasreeda on t he Lan
considering monol ayer adsorption but wupgrad

two assumptions:

(1The adsorption enthalpy of the first monol

following | ayers whereby the | ayers above h

(2)nteractions do not occur between any ads:

Usuallyegbhaet B&m i s applied in the IlIinear fo
n p 6 p ..,
i n n & 8 & &N T

whermies atmpaunt a@g@Peirdetdhe equi PPt hei smtpras son
hmt he monol aye&€t heaB&di cynamnéant .

A truehwyval wenly possible for the | inear part
to relatiivre tphes®DadWMdes3@©f The toasabhnsoofvade
determined by the following equation:

®w 0 0"Y ¢ o, ja v
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2 Characterization Met hods

wheMag s the Avogiaids ot t®nmo-ked i an atirsa stshae amads s

of the Edsorbent.
24 %l AAOOT T -jEA-Cj OAT PU
El ectron Microscopy 1is a hight gyprosagadmd at ke met

composition of a sampl e at t he n amnrBorsocgal liee. Du

wav
res
i n
por
con
app
pos
pot
res
Bel
el e
mi ¢
dev
t he

t ec

241

The
v ol
i nv
pos
sec
us i
proi
ej e

8 4

el ength in ¢ctometsprasn w©ielne & wevihywet h2a0N0 insm fsapra t
ol wtoinovre nidifigohntalmi croscopy CWusidbe By zehef Al

the same range as the wavelengthdefannedect

es and crystalline domdipmovofdedo\balaenn td aorag
trrolTlheed )el ectron beamagkeeaatrad i bangathermcfciulr
|l ied extraction potenti al so the =electror
sibility i scatlheeduscogpeadl 0 f et et s@en emi ssi on,

ntials extradtheathemdgdteecrt roing. f Tlims ausual

e

ol ution due to amosrnealdoehre rbeenatm bdeiaaimeared , a |

ow the electron gun, t hes dmblye ias1m tamemy deo

ctromagnetic |l enses to achieve a highly f

rometers to jngéer Oper adepandnonde o t he mi

ice is under high vacuum to maximize the n
mi croscopy and operation mode different d

hni quesmifcaro secloepcyt.r on

Scanning Electron Microscopy (SEM)

scanning electron microscopy (SEM) wuses a
tages 1@Btky\W)i cvaHilyh 1li s sabmpduetfoa csec ann tahegri d
estigateopbaetiseis fatet pe sampl e. The i mage
ition with the detected signal. The detec

ondary electréXnaycSBnd chahadobeémuimshiescence
kg stttondary el ectroAs té&et hammosatreammonnd
mary electrons that scatter from the sampl
Eted t hkey stahmplienel asti c¢c scahtdewrheg Eoferthlae tp



2 Characterizat:.

Thorheltyect or i s most -csaun ttraddte itma gaecsh i beyw ea php |
| oevner gy el ectrons such as SE

2.4.2 Transmission Electron Microscopy (TEM)

The information about the iIimitesinan eltaaatcrtan
(TEM) with resjohgstmoonm naegitde. sTidoget her wit
from the samples in reciprocal space by el ¢
applicabl e forFiwa&B&fiemru sd emteaidls) .( see

Since the samples in TEM af&VstandiVgidtOant ihal
degradation and decomposiatsiuane mefntt hes saanmpilm

which Iimits the spatial, rdegelndt ingn oaan d hteh d

| f atbhoeaveec hni ques ,talree rceanblitniedg met hod i s ca
el ectron microscowpegr  SMtEM | evditerr en abeam ke an
patternusAmpandnulet ect or records the transn
angl escgaltlheansdoli ¢ hanfmiuée lad deatr&kct or ( HAADF det
of HAADF S$aEMoopemode is that the i mage cont
(Zont% ast) .
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2 Characterization Met hods

Imaging mode Diffraction mode

Electron Gun

System of condenser lenses
Condenser aperture

Specimen

Objective lens

Objective aperture

y \ Selected area aperture
Inimage plane of <X{ —~  )»> Intermediate lens
Objective lens (strength changes between two regimes)

Screen
Image Diffraction pattern

Fi ga®chematic view of imaging and diffraction modes ir

For the measur ements per6f50rOnke dwiitnh tah iFSE Gvoarnkd Ji
el ectron detector dtkBbanamd cleHerrmd i Bins cvlodrt algEl
Dual Beam Microscope wi id&ka¥nwaceelusredat i #im gwho IR
Transmission Electron Microscopy (HRTEM) and ¢
in High Angle Anau( SABERRBFK WwWeéeré dpendiEdr mMmed auwms i |
ThemBi-3s00 equi pped with a fieklVd emission gun of

25 )1 £FOAOAA 3hAARM@OT OAT PU

Mol ecul ar vibrations and rotations are excite

a typiec dletrweeoeha Md O Dhese mol ecul ar vibration
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2 Characterizat:.

be studied directly as absorption in the |
Raman spectrum. Since Raman spectroseopiyomwa
will focus omMainR dpectn @omn@adpy.roups of organ

vi brations that correspond to certain sec

spectroscopy is suitabl e tta odniaslt ignrgouwipsah aanndd
guantitative analytical technique. The met't
transmitted | R radiation by mol ecul es ab:
measurements can bejpetf @asmedwdrersalhutcihort a
mol ecules due to intermolecular interactio
di pol e moment during the vibratiaoctpvecass,
can be VebBicatnedof mol ecul es wit-hnactenee(fof
if the vibrations are sylmmetorcicaurtro ntghe xce n t
categorized in stretcswhnigc ha nadr ed esfpoercmaftii@dn b
behavior i n symmetric, antisymmetric and d
radiation or the amount of energy required

nd the atomic masses. Greater shuolntd isnt rae nly

I brational frequency and thus more energy

nd in the s e&diwhoincsho enlesbovam®BlSeOd f i nger prairmgte r

a
v
section aftdwe whiaxh singl e asmdy nme |fer eadsenirtp
a
nummbdrover | appd mmt)it bat baancehsatreact €ri stic patt

Il R investigations were performe® tonusma& nPer
combination with an attenuated total refl ec
crystal

26 51 OOAGEIOABRBAAOOI GHIEDW

UWIi s spectroscopy I s a measurement of the
| i ghtorbatsheed i nt eracti casdo¥Yainsgadiwat ihon hien stamm
appltigauchnt i amaldwzd ¢yr ent compounds. The corr
intensity of transmitted |ightd the pabhbeht
given i n -Bder Llaanwb:er t
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2 Characterization Met hods
o) (] O @ 0
% U

wheAhies t he adbberbanheasity ldfhet riaintsemistitted olfi g mt
Ut he exti nctdtohne ccooenfcfeinctireantti,on ofit hbhel ahgohbi i

medi um.

Inbot h r&Jyi amdthesiobke)yved interactions are e
ground sé¢lae et temndtiditaed d yst ate. The absamered pho
amount of energy as the energy difference of
mol ecule orbital) and LUMO (|l owest unoccupi ed
the HOMO t oButhewhdMOCexcited wit hpanoaiet &tnieomgyi n
hi gher vibrati dms#&leg@4afatre sdetsaiplo)s.si bl e

Il n orderthe wmepascraé fpirlmps ctrioefetseery Gti at éddient e r mi n e
el ectronic propert)aedi ahedrkeuntl desbhagqueewhiades
LambRedr 6s Ifaml Icyancneoptt ur e t he o.ptRIltatl o dethiawe ofr
are often mounted on dusaesrpafrleendt isawr sd fr att lees  |wi
bet ween air, substrate and sample. For reliab
procedure wher(eantdh es criaaftlpeocitnagnceet ettlbeeds amp |l es
under go ter aannsdmirtetfanecct ance measurements whereb
film is |laoamcatedransndesphere in front ,of the
for reflectance measurements the fihlemehad nto
order to obt awint htihse naebtshoordb atnhcee assumpti on i s 1
absor bed/ s cratbtreercteideadnSsompihtet efdo | | owi ng equation

percentage absorbance %A.
PY PY PO p X

Thpercentage absorbance can now be converted

0 11 C bpo P
The absol uthei sabtsltoegrmbamtciel i zed f or optical ban
formal i sm

| "Q oQ © ()
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2 Characterizat:.

wh elWies atbthseor pti on coef fi cistmter equabchil asattehad
bandlgaplosmmksaanadh tA a alriotpyo rctanosnt an't

Herre,depends on the type dt wle,gm 5 i2t faomd ainde ¢
all owed, direct forbidden, indirectpeadalolirvweéd
the molecuipwseahdg@&@bdk the assumption of a

to approxym@teheé hexi Thenefhbtera evdag bupew acsf ermp | oy

for the bandgap calculations. The resulting
bef oxOsvhegre the first absorption band is ris
of the I|Iinear region to the abscissa furnis

To stv¥hiywmbsorors oldipd wohat it ihael KMo e (KKWM3ath e oir sy
applTiheed.t heory assumes that scattering i s mi
surface is neglectable. The diffuse reflect
as white standard. Toenwv«mpteed mwirMuanlkt leegtukaut la ¢
i nto a tshpaetctirsumppr oxi mati®ng the absorption
. PY
00 oY p T
UV iMNI R spectra were recorded using a Perki
wi th mm 1li50t egrating sphere and photomultiop
Di f f uescet amcedd spectra were collected with a

referenced to barium sulfate powder as whit

27 OET O 1 Oi ET AGAAT AR ,3pAAOOT OAT PU

The counteVYiparspeotroVscopy i ss pehoottrod Bucno pnye s
examt nassfirtemtni e€xd il tystdo stthaet egr ound st at e. Ph
spontaneous emission of radiation in the vi
st &iteo t he el ect SoInfi ct lyeg otuman sittaiten of t he
occwhsmai ntaining ,the mulubemipihoictey v wher ek
phenomenon i s cTahlel eedniftltueodr d-9 tgehft ¢ endo-mdaslal ath di w

transitiooccncsurwhdiuch ng c-et bt si onms e o bV iebxrcait & Bodno
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2 Characterization Met hods

rel axatDuanpr @ ¢thieissextcattedmol ecul es rel ax to the
(ignoring rotaBibehalest At gs uh(dsekeigggdd)fel uor escen

Vibrational

relaxation Intersystem Vibrational

SN — vl SO relaxation

S A v N
1A \a T,

A

Energy
Absorption
Fluorescence
Phosphorescence

o
-

So

FigB4d e Si mglabl oaed ki di agram depicting possélbéd et rtamincsi t
states.

| 9t e afdl uoofr etslitceengyest em ¢ arna duinadteirvgeo wdr iambsn it $ oo a l
intersystemtorassi ggat({tsdgatripl et mutlati .l iTcriany:
change ar,ehifdrhas tdidodad 4 yt he probability of this
t hen r ellaoxweesss btroasttiboenea |&F o™ tdheecraey itto ctalme gr oun
in a forbidden radiative tthasttansai tabhedsph
copret es wiatdh amngqwlkro dplktaryescence i s generally r
l'ifetime of iiksemaxdhdi t edgeracemMparegdobabifl uby e
can be enhanced by similar geomamndybypfstexamndg e

spbnbit wonbPhvVvingr %Il ements.

As se&am2kret he spontaneous emission of a photoc
state of the r edopeoteiry e amariod kepcturl bei fcyaant ons o f

energy and itrhuany sofextchd epwwhgdmed Thi smivey natl at e
conversion qui-rckdiyatlievaa st rt aonlsag stngoiotne d os taatvé bo fat
| ower e X wihteed dtuet e o vibrational relaxations

vi brati.&nahaésatal e says t hatthet heexscei tperdo cneosl seecs
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2 Characterizat:.

the | owest ieThewthedersgyato@aslBS ttooo 3 arge for a
vi brational wavefunctions and spontaneous e
Quemnalbdgy i nter nglnoeaon vadri svireo mreerayy) transfer t
due to collisionscamntsepéerti wi aggtbedegatiwonop

the intensity Whfent hien terhoiedio#oeiodeg ti aglhd hel eecxx ci t
el ectron cansbehtamnadeeptear t ol eading to ad

separaeteiderd for applistcations in photovoltai

Photoluminescence (PL) measurements were pe
a Horbibna Ywoon i HR 320 monochromator equippec
N-cool ed I nGaAs detector. The nsnandd loadse wWerse r
powern®nift99pul sMHz at e 40

St eatdtpte PL measuremenomn twhke e [s@bdd On esxettc wqnhdaep

det)a.i | s

28 4EIZAl OOA1I ACAA 3ET CIi A48B0H60Q1 #1 O1 OEI
Time correlated single phot onancaollumavei ngv € IT CIS
signals in the picosecond ramge.phEm® meé¢ eacih
phot ol uminescence speal ydeoa@py ob wit ei entee @y

of the emiTtQSeRdC mhaotfhoenrmat i on -relodty etdh & i hieme

phot oemi ssion by the sampl e.

A pul sed | assaentp leex cwihtiecsh tchaen t hen emit a si ng
signal pe-cabtegt ;g atr isme s, in which a singl
significant to ensure that only a siwlgde o
cycl e. The number of detected photons is p
excitation to EmgRBBtlins Agsemsmelinsiimlep etat mes

sufficient information fot?2 recording the fI

A pul sed | aser with frequencies i nhiterwe rtamic
hilgjhepeti tive regi strattbiosnt ocogfr apniso tedoi mpsspn walyiti cnia
exci tdetciaggn and the <corr eslpiofnedimfg tthdeeéxmetse

calcul ated based on thkeekpbhewiFigk@)leetaygr a
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2 Characterization Met hods

laser pm /_\

fluorescence photon

—>

—>
! start-stop-time 2

start-stop-time 1

@ 3.4ns @ 4.7 ns

Fi g5 e Measur ememtp afi netsd>wi t h TCSPC

| mportant applicati ofnagsdafortdiing todc lormpitd we | a rwea vi
and identification of single mol erkwrltehse r nbo\rAe ,s

and in this case very important fwas samel €buo
solution or asg ms onlaitFdosri @phyewdeirghfl y sensitive s
a Photomultiplier Tube (PMT), Hybrid PMT, Mi ¢
Aval anche Diode (SPABexacandeeteamphiae¢edonFof t h
t he exci t atrieosnc eanncde tehvee nftl uveoach event will be ¢
I f the |l aser is not equipped with a synchroni

usually callf®d trigger diode.

Counts

»

Time
Fi gt e Hi st ogsampotft i snea¥*>wi th TCSPC.

Ti meesol ved PL measur ement er wleisatnegclgeu i prheodt ouns icn
(TCSPC) setup (FluoTime 300, Pi coxXuiatndg d GundiHr ¢
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2 Characterizat:.

| asers with suitable wavelengthsnnmcodor3dirng
50/m wavel e#@¢8B8HRFS5 ( LPECEHH 5, aw-@5L0OH respectivel
Pi coQuant GmbHkKHpul ssed hata P00 pe dodatfilaren
~30WEmul se. The samples were exP3x3detpulosda he
fl uencemifnourt essinGpa s wrement to ensure stable
coll ected -russalguta ohi gronochr omator and pho
(PM@ 198, PicoQuant GmbH).

29 %l AAOOT AEAT EAAT - AAOOGOAI AT OO

I n order to investigdtee ,t hed eenarogyhelms call s m
cyclic voltammetry (CV) and differential p
met hods can be used to identify the energy
(HOMO) . Togdatt meUMYiwsmt ipectroscopy, where the
by application of the Tauc plot, the | owe s

cal cul at ed.

Y

Fi g% e Change of potentiah ¢a)ji €Yy mbdemaeadu(bmeDPP¥ m

Vol t ammeetirtyher i €EVaor eDBYtroanal ytical techni
el ectrochemical properties of material s, a s
el ectrode rexapgdriiomesnt || na al iCWea&r |y changing
and the current during( 9dBegdfoet ahei alessit¢amnn
potieanlt curve is <called cycThe amppltiaendnopgo e

l inearly over time with'abedmwteainn ancdmidr as
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2 Characterization Met hods

potenti al where the potenti al @il r e st ireemcih®e dr ¢
potenti al scan can blen pceornftorransetd, ntuhlet i DpHA Ve ntei anse
i a8 mglull wietsh t he s addtead mep Isittavidrec alsieg 2Wlaldeen,ddeor m ( s
in each pulse period the current is measured
The difference between thebke o¢lDtPa/ie nceddheies t he
advantage of DPV i s hereby thatseevewn $maltlh:

measur ement .

A htr-eteectr ode acrormamogng iyebnrt tihsese voltamméatry m
typical <cell consi(dME9 wohfe rae wohrek ienl ge cetlreoccthreon ec a
occ,uras count(eCFAedeanhcedelr(eREV) bdea defined pot
control the potenti al of the WE. All three el
conducti ngvhelcénctirnoltyhties wor k was tetrabutyl am
acet omhe randrehreet ween the WE and the CE is recot
which i s @mwdleindd ailn wtalveg A7d»ums nge edrhei mM88a S UTr e me
tnaport ocstuatsi drya,nysndmd é usheonel ectrolyte 1 s r

Measurements were performed with a Metrohm Au
wires as t he awmadr kionughteelre cetlrecda ode anwi ah Ag w

ferrocene as.internal reference

2102 AERAA O
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COF building node

distance
COF
formation
- — i
Wo
Coval ent organic frameworks (COFs), consi s
uni t s, combine attractive feaabuodewi deth &cs
physical properties. For optoelectronic app

COF has the potenti al to yield dkeasndgapppho
can al so causeadljattcemdal | afyfeset. s Haedpleg h rwes einre
(DBC) as a novel building block for tplhhe esyn
COFs showing interesting properties for op
terephdthywdal ( TA) , bi phenyl (Bi pHC)OFsarcd mbhn
conjugat igbml anme tvhiet h a tight packing of a (
mol ecul ar DBCs sapeei $ecvidmgkang site for su
DBE&OFs exhibit ®pohex k@gmoane dralmet ry, whi ch
containing anot her mol ecul a(ret dgetRRpBg 2 Yy It )e
tetraaniline (ETTA). I n this contexthouthe
4.i6 1 n -EOF4A t o jabbuot-COOBG6 | eaddenfgi ntead wWelxlag
faceted single 60wt aTlse €IOFel@BE@boue HB0O0oad I
covering | arge parts of t-G@F vs Iscaviosr eei xtpre gyt e o



3 Dibenzochrysene Enables Tightly Controfloe@d Docking a
Coval ent Organic Framewor ks

state | ifetimses lenx ceecenddinmgatliOon with the | arge
|l i near conjugated bui l-cdomnge cbtl eodc knso, d e hies neexwp eDcBt

synt hesi s of a | asgaeacliiedni ylyoomdersad o2l OFs w

optoelectronic properties.
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3 Dibenzochrysene Enables Tighdtl ye xCointt & dPdteatt éOD ¢
Coval ent Organic F

31 )1 001 ACAOEIT 1

Coval ent organic frameworks (COF) are cryst
relatively rigid and geometrical |l ynodefciun ed
components. Usually, t he coval ent ' inkage
condensation reactildos oXi alie Signsi,‘deosr oXTfike st
high porosity and great structur al diever si
frameworks make them attractive c¢d&h'giadat e:
st oft®hiper,ot on c!dAdpcoebdétimminecs! ar 2Z2ampar at i
cat aa®@ghiisl.e in 3D COFs the backbones consi st

in all di mE€EWFsonxndi vndidBlI pol ymer | ayers s
mol ecul ar columns and 1D pores. This mode o
"stacking interactions between adjacent | ay
nuneurs options regarding structural design,
interface is mainly governed by the selec
optoelectronics, this invol vesthteheCQFostée netliea

properties such as the opt3i®3coarl pahbostoor!pétmiome s
38T he incorporation of heteroatoms within
di fferent building blocks via strong coval
boronic esters and boroxines omrniottmhegean ato
heteroatoms exhibit electrostatic repul si ol
results in sPEgpeclateyal aofjesansdg. pol ari zal
COF |l ayers prefer af fssteacskiwigt hwi rt end9A€att esr tad
phenomenon can also have a strong effect C

thereby theamgeradded olffgurnt thike f mame wotrtke pol &

chemical bonds may affectSthategiads | at peadf
stacking interactions through steric consi
demanding pyrene building bl ocks *“foar teref awrsa
of prbpkkel buildingadbéeédcks'dimawomsk sieatter cas:
|l i ke building blocks define specific mol ect
enforcing a perfectly eclipsedostaekisngrofc

of mol ecul ar docki n(getshitl etsh @sf cay Irdasa ndi, 148 Nj, e4 nf
the stacking distance of -madrfeclkagomay@®B Dt
comparably | arge. The enlarged -cdphakéengotda
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buil ding bl ocks may-ebatveoanovefl apnce adj] abeni
the conjugation within each COF | ayer.

Di benzochrysene (DBC) is a rigid molecular bu
fused to a naphthyl uni t . Thi s moleac EITalrA con

anal og which enables a more subtle rotation o
with “ETHeArref ore, the incorporation of DBC int

reduce the steric constraints for stacking,

c

assentBlln esddi ti on, DBC and its derivatives ex
and charge céa% ftiPdi s mewimbi mia¢ s on of properti e
realization of highly ordered umaetsere rad cd ebda sfe
optoelectronic applications. tbna stehde ocpa noted xetc t a
devices &4%hadsfurtheeaughesakn mol ecul ar desi gn

the construction of efficient devices.

Herein, we investigate the possibility to gen
mol ecul ar node iIintsemad&d ntgo dipsmdmrdd eclgave eei fic
sites for obtaining a high degregp acfthrogrsceere.,, F

DBC, as daistcachgr mode. We sgyonthaismizeg iamisrea i
with |Iinear dial dehlkyhdase, (ddpdlevi ythdn emphtbrad Idalhd
and t hdbletnhoi[cpi@®e tar boxal dehyde (TT) . We prese

anal ysis showing the foarnmdatp @mo uosf fhriagnhelwo r &1s
out standing crygdamradl qgfluadetiyngvi t hurmtelxear mor e, t |
of thba®dB8C€ COFs-vhamebgoUWYti ostasewabbHdohsemat ec
phot ol uminescence (PL) -OnNFr ef esattuudrieedd . b rtbearde ,1 i Tg
covering Itahregevipsairbtise osfpect r unrCOFStproiwkdierg Isyh, o we
extended BE hi2fythisemwe s h 62% of the overall sig
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The DBRSGed COF series was synthesized by t he
téh respective |inear dial de-bpndesd FOAgRBIBE p h,
Brief@dmaqgl 3d®df the | inebaroldioal dtehhey Bifacnuarnfidooldds | a
DBC (DBCTA) were suspended in a miXtl)gr e nofa
culture tube. ADLeoftheepidit heode@be&0t ubes
oven AC flBa® TRe resul tiolgatperdechiypiftialtter avaiso ni
Soxhl et extracted WwWitRWAfaeldyyrreogs MTHE COF P
examined concerning crystallinity, porosity

the synthesiappaioxcedur es see

Xray diffraction (XRD) analysis of the obt a
with sharp and intense reflections at small
reflections at hFgg&lbddi fTfor aocotnifdam ma nt dhlee sf o(r
dupabre hexagonal structur e, simulations of
assumingdah AAyme arrangement PG ¢ hex.dBeixam

i n atphpee)n.diksing this model, the experimental
the observed refl @d&kii®dOnkl1Ower200,t t21®,0tlaadd,t c
500 (by order of appearance) i ndicating tF

kagome structure i nFiaddl) ¢ hkoheexa@iEsed thamplbes
refl ecti onA@its aatoturnidb Rt3ed to the 001 pitane,
stacking distance.dspacondi ol wwboa tal3mibl at e
ex ami ne@OMsB.C

Ni trogen mhiysaotstoerpmhs oof t he COFs exhibit a
shapes with two steep nitrogen uptakes, the
of a noigc rsoypsotrem and the one at r el asttiivcel fyor
capillary condensation as s aan)Faitgeddaewandye@ me s c
393 . )F0rhis confi-C@Fsthdbo-p®BE& swumlcoOutrt Be-si mET
COmRnall®Ppg e size distributions based on car
pores show excellent agreementFiwi@adt-d.)L.0 eT hse r
DF-talcul at ed por e
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- 4 Hzo ?gAOHquC I 1 [ e I L L A I L LN IAUT O LT
L B L B A LR BN AL I |
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FigBra) Structucenbthi hhegDBQHE&) ( PXIROmataitd )e.r ns
TT DBQGFs wit-hePawéeysi mulations. The insets sh

were nin. ahdm2 .(&9 mudmterddm2,50n. ah dm3 . (668 mul at ed
1.nfm anmdm)3 laznddBh and m3 (50 munlna taenddm)3.. 5lor-COAk, DBC

Bi ph OB and-COF, DBE€Espectively. The BET surfac
2050gtand dmgZ2@TA IBE) , mytamd cdmgd3®@Bi ph-COBLC

as wel |l masdand® 3dmhd7( TT TOE) can be compared t
accessible Connolly surf atgflanded@ngd@iA DPBRCe vo
COF), m2048a0d cdmgd( Bi ph-COBLC andg2na0 cimgli2 TT
DBE&OF), respectively.

Thermogravi metric analysis preforméOFsanadree sy

thermally stable, while significant weight | o
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at aroandamdd Ot he odceegsrsa dtad ri minn asrevs t &t aa rc @ ummp d
wei ghtFilgazp. (

Mor phol ogi cal I nv €OtFisg autsii mmgs sacfantnhen gDERBC e ct
r eveeda lwelfli ned crystallites of dnmhfefremmi sg z
I ntergr own gd@d#)jeecltns t(he <caGCF,oft hBRi mpab®ielr e
consi st of faceted .Afixagosmal hyesbaplkdntcr gl
repor-t illustrating thBeC hd&@mPramgsei silsli omi te
mi croscopy (TEM) micrographs showFit %5 éai ghl
Strikingly,COheeBhipthi tbDsBCl arge numbers of he
sized abomwm HBGOr cwghoO®i gBHe sampl e (

—e— Adsorption /
1000 4 —— Desorption f

COUEIY

g
§

Biph DBC-COF

Volume / cm®g™"'
o
8
2 L(4\

BET Surface Area
o 2170 m’ g’

N
3]

FigBxa) Nitrogen physisor{£tOiHon &EIKt)a eTdEW onfi cBiopghr albBhG
DB @ OF.

I n comparison to tTTeA psryesvtieomuss | wi trhe ptord eda nk
namely TA, Bi ph, and TT, the reflections a
pattern are shiAfdt ed ABcOémrabpaohdil®g5to a re
di stancesj 0foabdBOERBTAi pCHOFE T Tam d -CIOIF %¥Eol T3A. 6

( TA and-ClIOIFsDBC 3Bi7p-60OPBC This drastically de
(by al mostf ox. Gcaoonit aDBC ngr i ®@R = di ¢ oattthe mor e

curved) shape of the chrysene building bl oc
nod¥.he influence of the Iinear dialdehyde
domi nant, though being still detectable.

Reported single crystal struct uagceersn eocft etdh eC
buil ding bl ocks, ir.le. ,i nEHT TcAataen d h@EBd,n fdluean c
steric requirements of the differently | in

angl e Swas47de3tAer mi ned, while in DBCHetrhee, atvhee
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angles were determined for two intersecting p
the sequentially connect edbdtwiot wtairdm.n Tah e msi h
for the corresponding chrysene molecule was d
the same at ol godhmecTohreerigfyus{ ng a DBC node r e
kagome structure and co@@Fcanai ogssimut at he oy

rigid naphthyl unit strongly reduces the tor
compared to the daradmati ¢ hegrevupyl earneanit i n E
line with the reported dBAbBedranésuahgkevhgedi SER
bet ween adjacent COF |l ayers is expected to be
i's still sufficient to act as a specific dock

enabl e "dehteedctionsandni mp-eoksdthaclk soverl ap wi

individual |l ayers allowing for extended el ect

Next, we investigated t he -Qost obpyh ynsevacnas| opfL olp\e
and TCSPC spectroscopieslidb@ar ibfii uehocg bfocth

absorption can be clearly seen Ii-@OFhpowbdsespnsba
(sEergB3Faendi gBYE. Whil e-basedphemeglar | inkers TA
|l ight cbftomaovmpar abl e absorption features and al
58mMm, t he i ncorporabhaosed oFTT thlei ftthsi otplhhenest e e

wavelengthsnamt €obpoaerdubbLO¥, exhe bbTTsDBHG@r k r ed
compabl y bbamddaphi ch was calcul ated by Tauc pl
bandfgap t RCeOFBBC we banhdagfapda8V@0® or t RGOFTT IDBC

comparison, bheaddeeoge cHFAODBECNd aBIQFh weBG& cal cul a
tbe 2V3i@neéeV2. BB8spFegBlryellyn (the context of ext
within the COF-OQGFy eerxsh,i btihkstes i TATt eldBe@anbssernt e @gctoimprar e c
to its ETTA analogue. This extended absor bance
mol ecul ar aggfelgatctesomndell acgleirzati on attaine:

node.

TA and BCPRs DBChi bi tctsriamicloanrs il isnpge of t wo di ¢
at aroundnén4d 0O whrede72Mme | atter featur-@8F strong
i's sli-ghitfityed eand reveal s anbrwiadera PBU ingahxti nsut
6 6rOm. For a8atigah@OrdDBEt he PL covers a broad s
visi bl e -itnof rtahrEe dp &Gaeefg u B.ED . Il n comparison to t

emi ssion of the pristine, mol ec ul-GOF sc oantpeo n e r
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signifi-s@infttdt ¢d r e@whwacrhd ptohientfsor mati on of new
the framewoRikg3diBe mi stry (

a b 15
10- 1o \ Model decay
x' ’ ]\:\ = Biph DBC-COF
< - 014 = 4PE-2P COF
= IS
© = ‘o 1
X Q R
o £ & 0014
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FigBIea) Opubsarption spect-CcCOm pblwdek) mehsBiptd DBCA
mode, @and3MBmM,( red) spectCrOFm ¢fb)BiPhh dBEBG@COEu(veddf aB
4PEP COF (grebpsedh€OETTAhe sadnpatensnd weirteh ia | pummm aft le
DO. 8@, the emission wasnmoniretepedtatvel 34 (awded 43 ec:

To study the PL daowcayel dyadmisengl €i méhot on
empl oyed wusi nmgm al apuwlrs eldn d3e78 (s cd.d=®m i ant nohse
appe)ndirxeveal ing the | ifetimes of DB&OFhot o
powders. The obtained deeapomemtvieal wfeumrc tfiic
l i feti mes were o0bsCaOFyeadvhfi@rh tftheentds irdedsc dayB Ccoomi
14ng ((L8BokgBIe The additional t wo expmo:menti
(50%) 8as8ad(088%). F&€rOFt he f BA i DNBsG wefr eupett @ cT e
TT DBGCGF showed the fastsesi ed€@&y DBICmeafso(rit @r
mor e dedampd)sdisx e

As il lustrated, small modifications in the
i mpact the structural properties of the COI
was obtained with a DBC node. I n addition,
i n BCBOF were observed. To study the differe
two COF families, we compar e-@OHRshaf g dteic@

mol ecul ar stacks wi-bhseétheCOREBomfalflneds he ET
COFs the decay prodipemsemteirel fdaedayd fwandhtito
ti nebst ai ned fCOFst hwerBBGignificantly | onger
| i f e seFriesBIaend s2.d%2i omppdyredi Xhe EEIOFh eRBCDbit s
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| ongest | if et inmesl,onogfe rmocroemp ehraend-At®o CiOFs acat o@gs
4 PEP COF features PRP$& ety -thismmee BceoonfsotBagnét , t he
PL signal (90 %)k agrichasnes cmdDfe@ ®» Ovdiresa n(d3 NV%)1)4.

We postul at € Ofthlad g tnr uDcBtQur al features greatly
induce a stabilization ofTheheprpohxoitnoietxyc iotfe dt hsep
DB&OFsy mall ow for delocalizati'esnacketdheheyxse
columns. The closer bhadifapigh-eGP&Ccsommpd rfedttim
anal ogb&sTefdd COFs. A decr easeCOFns tihse obbasnedrgvaepd fw
attributed fontaeractiromgebet ween the tighter

and the potential |l y>*Troesfulrttihnegr bcahnadr accit sepre rzsei ot nl
the processes involved, transient absorption

stronger elucidate #COé&EsPL dynamics in the DBC
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I n this study, diwlkeegplawher yessetnaeb | (isBh@)d as a nov

the construction of 2D COFs, serving as a
structur al anasbobgdiescsd o&Ed AAN@OFwe. | |-DDF & e rwen te
synt hesi zeerde nwi tlhi ndeiafrf | i nkers to not only v

the photophysi €OIFsprsdhipevr teixdg.aobDBICnarily hi
structur al precision, which is reflegstedl $r
Strikingly, in ddampar iCOFn awsidtlalw ki BEHA tdh st an c ¢
|l ayers was dragsgti ¢abimyjabedd4EDHIRNEGD v (B bionu-tD BC 6
COFs. Among the newisyt agckre@O ®BCz @O M BICsg hv il eyw
to be a promising candidate for photovolta
bandagnadp a steep absorption onset with a br o:
into the vi-sedllvwed Tpheo ttoil memi nes c eFe sphroow si
remar kably |l ong | ifetnanesl n pgeh€DiFlsy sthhoeve &
significantly sl ower decay dynamics in cont
i nvestigatabosat or ioeusr regarding the <charge
mol ecul ar frameworks are expected to shed |
natur e of t he |l ayer stacking on t he opto
di bemzyg-basned COFs represent a promising pla

materials with intriguing prospects for opt
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3.5.1 Materials and Methods

Alrleagent s andbtal nmiem t 5o wamac @snunpeprl cyi aolr ussuepdp | i
as rehAeevied. aci dy pbjemziyousae cohppl ( BAOHy i ahhy
4, - Bophenyl di carboxal ddh-didex §d Be phanhk¥Y®r0Q u sT,Cl
di begplzojrysene (DBE€t he®®&1%, (dChy dr ohuysdr a%ii qura
monohydrate ( Smaggniat yAledrei chaAhydinmitdr,ob 8ngm
(anhydrous, Si ghiackhdldrsich)ry Ra@egmhaAhdde b
99 %, Rilgmaethnahydrofuran (THF, exiTrha edvwoy,3,s2
b] t hi ep,fibe hb@akx al dehyde (TT, >9 3 %, TCl)- was
d met hyl for mami de (DMF;Alamhydraus, 99. 8%, S

Nucl ear magnetic reswema@ancecONNMRYd ®opmeBrmuker
TR spectrometers. Proton achemipcaib cna Heél fi tosnn a1
calibrated usengerasedusabl nent peaks-dsas i n
2.50 ppm).

I nfrared (WeR)e srpeeccotrrdeed on a PRdrlkRTns \JEd tmeem &5
Thermo Scientifi-tRNspetet&m&t7®0 iFT tr ans mi

reported in Wavenumbers (cm

UWispectra were re€EbmdedlLambdg taedrB 8er cgupippcpt er o
a 1Inbnd i nt egr atiifrfgu ssep hreerf dweecrtea nccod |sepcetcetdr awi t h

(Harrick) accessory and were referenced to

Ni trogen sor pveiren riecotrideerdmsAnt asQuEKntwaéahr d@m
pressur @ep’c@angel1 ofo 0. 98. Prior to the measu
samples wer & e @uidn I @ru mpewdrdb v acuum. For the
surface area the BBEemo de [@bwaBodagd psldi zeed dbies t 1
calculated using the QSDFT equilibrium mod:
cylindriComnopdryesurfaces weirzedeplcolbSededausi
a 0ntn2 Py ttied viath

Ther mogr avi meg(tTrGAc) ameaalsyusriesment s wer e perfor

449 C instrument equipped with a Netzsch T,
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from room t e mpCeruantduerre at os yatlome'i amth e at f ho wr 4 2 &
1 Xmi'h

PowderrayX di f(fPrXaReDt)i ameasur ements were perfor med
wit i iNitekUedhdCati on and -smerLyintxiEwe d¢eotsédtiom (sc
per MAd)Biperi ment al XRD data were wused for P e

hypothetical structure.

The isnirtuicdalure modwéseobbuitlht COFsgoft htehd& oAad dle
Materials Studio software package. We applie
symmet P6/, daresipdreorptenigk etrhceonf or mati on of the <ce
Using this coarse modelr,amed edet eri mi rPeadvl telye rwer
PXRD dat a.

Transmi ssion el @eTCEMas miecf oBEnepdViotnam Themis e

with a field emislkV.on gun operated at 300

Scanning electrommagesosweoey reseMde hF&EIth a J
Hel i os NanolLab G3 UC scanning electron micro
oper atbkd/. at 3

Phot ol umi neartekinmweer r(ePILt ed single pHdatanwepbant
processkElduwTitime a300 from PicoQuandx Gimbaeld dTdhienc
|l asers with suitable wavelengthsnnmcodadr3dwirng t c
50m wavel e8RS ( FPCAW S5, a®@5L0H respectively,
Pi conQuaGmbH) pklHzed wat h5@0 pulpe amud atl oenod

300&E nflpul se. The samples were expaekatlpuloset he p
fl uencemifnourt esl1Opri or to measurement Lt owasnsur e
coll ected -rusgmilguta ohni gflonochr omat or and phot o
( PMG 11912, PicoQuant GmbH) .
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3.5.2 Synthetic Procedures

TetrabBE€r o

NO,

O‘ :
7™
NO,

DBC @1 .mMmo0l ) was slowly &€ded wi trhix $ruiritedr ipch ge
(O 99%) and 10 mL glneicni &40 8bet sol ati dhC Whte
forh.2 The sol ut itoamn weaseep o uni exd uir @ . The resu
filtered, wdai sohxeadn ewiatnhd 1r,edc r y sntea | | Afzteedr ffriolm
extensive washigngofwia hy eeltlhoawDd®I©,| widt o f 6 9 % t y iac

obtained.
MSEI : calculated (m/ z): 508.066, measured (

TetraamBiChd adapted 3 HYfF rom Lu et al

Under ar gehBC t(ebgorOa@m®I8)o0 was dmeEsofvadhydr 80
i n a-dirlieedeL500ask. Apgroki-Riamledly 2at3al yst s
to the mixture with stirmb,ngBno8Hy dwagzi aeéd edn
to the stirred mixture. The resulThiengs osloutuit
was all owed to cool to room temperature an
pressur e,mgg iove lIlggwBie®mi sh solid with 84% yie
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'H NMR MHZz0,0 DMEP O m) : B8=8LBBz (d4H, CH)2,.H3Z7, 56H( d,
CH), 6J#98. g,dd2. 3 H, CH), »5.-BvS: (sal 8l atNeld ( m/ z
measured (m/z): 388.168.

Synt hesi s-ClOfF TA DBC

| n mL 6cul t,utreer etpinh ¢ al anhgd, e h@micel0) (D4 COAR5 .m3y3

150Mmol ) were suspended Hmensiat yrhiéxateu rge5 00f9 Bl OH A
addi Od 0 aceti cwmactide (tagluee owmass HAEI edr add he
The resulting precipitate WK WHafldreag elloxamlide tr i e
with anhydr cius ThhF ffi ovral 1 Zdrroideudec,t twregsy (VeaBct) usma § 7

a |ight brown powder.
Synthesis €0OFBi ph DBC

Il n mL 6cul t,udr,dti' pheeyl di car bnrogx a | QGiechly)dDeR QA6 . 3 1
(58mg, @mol0) were suspendedmémi tay Imdixg u@)®0 ©@F: Bn
After a@ldimomfy &®#®eti c vMact e (agqueoue, tGGbe was se
12AC fbr ThRe resulting precipitdrteeusvalsHR ideafear
Soxhl et extraction withheanfhiyda lo upmrrd dédec, tf dwoa sy 2 ve:
5.Md (506 opvawder .

Synthesi s-COfF TT DBC

| n mL 6cul t,iulmiee thpbRi @pfbe tear bo x al mMge,h y&teod)s. 89
DBCAS5.mMy3 @molo) were suspended mesi aymBkpuf 00T
v:iv 9:1). KJLt eorf aadcdeitngc Malcti e (aybe owas $Seal ed
12AC fbr The resulting precipnhgdeowas THFI bef
Soxhl et extraction i thheanfthiyda lo upmrrd dédec, tf dwoa sy 2 ve:
5.8 (55%) as a red powder.

Synthesis of analogue 4PE COFs

The EblalsAed CARs ,-4BPHEEnNnd TA4PER¥rsd uwleleld COFi rsyst e ms
synthesi s here was <carried out under the re

|l itefature.
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3.5.3 Electron Microscopy

Fi g3%SEM i mages-COfFf TA)DBFpH bDBGQ-EOFTTcDPBChoheprxadogal
i s viasi bmehg ofystallites.

Fi gB5BEM i mages -CoOF T(Aa )DB-CBOFp h( bDBG{«OFT ThBB8€a
of the hexagoanpaplafrcetnyiscd ad ¢ i d @ maii s nonfi. about

[0 e ]
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3.5.4 X-Ray Diffraction
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I difference
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(navyBr o i ti ons (olive) show good agreement of experi
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3.5.6 Structural Simulations of DBC -COFs

Space Pjwioulp:-hexadonal

Tab3ler acti onal

program

122

f-6OFTA DBC

at omi c

Controfloed Docking a

ecl i-ip)s.ed stacking (AA

coo+fHd icrmd tcaud aft eerd twh &€ hu rMiatt ea d lall so fS

P6( 16&exagonal

a= b = 3@mM76& (9 N0m
U = b = 90A, = ]
At onn x/ a y/l b z/ c
C1l 0.481]0. 48 . 48
C2 0.5540. 5170. 42
C3 0.52(0. 55¢(0. 54
C4 0.59(0. 5440. 29
C5 0.6240. 5410. 29
Co6 0.6240. 50 . 42
Cc7 0.58¢0.47{0. 51/
C8 0.5570. 47¢(0. 48
Co9 0.4410. 40 . 631
C10(0.4410.3710. 64
Cl11 0.4740. 36 . 58
Cl12 0.51(0. 401 52
C13|0.5130. 414 52
N14 |0.65(0. 5040. 45
N15 | 0.46(0. 32 . 56 ]
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Cl6 |0. 49¢(0. 32]0. 621

Cl17|0.6910.5310. 40

At on x/ a y/l b z/ c

H18 |[0. 5910.57(0. 18]

H19 |0.65]0.5670. 19/

H20 |0. 58{0. 44¢0. 60

H21 |0.41]0. 40¢0. 69

H22 |0. 4110. 34(0. 70

H23 |0. 5310. 39¢0. 45

H24 |0. 7010.56]0. 31

cC25|0.72{0.5240. 46

C26 (0. 76(0. 5540. 38

C27 0. 79{0. 547]0. 44

c28 0. 79]0.51]0. 571

C29 0. 75]0.48]0. 64]

C30|0.72]0.48{0. 591

H31|0.7770.5810. 28]

H32 |0.82{(0.57]0. 37]

H33 |0.74]0.4510. 75

H34 |0.69]0. 4610. 65

H35|0.4740.65¢(0. 71]

123



3 Dibenzochrysene

Covalent

Organic

Tab32dr acti onal at

program

124

f cCGOM.i ph

Enabl

omi ¢
DBC

es Tightly
Framewor ks

Controfloed Docking
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P6( 16&exagonal
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U = b = 90A, = ]
At onn x/ a y/l b z/ c
C1l 0.48(0. 481{0. 40
C2 0.54710.514¢0. 47
C3 0.5170.544%0. 33
C4 0.57¢(0. 54¢0. 58/
C5 0.6010.5570. 64]
C6 0.61(0.52]0.61
Cc7 0.5870.49(0. 52]
C8 0.55(0. 48 .47
Co9 0.4640. 42¢(0. 20 4
C10(0.46%0. 39 18}
Cl11(0.4940. 397]0. 29
Cl12 (0.5270. 42 . 381
C13(0.52]0. 45 . 39
N14  0.63(0. 52 . 644
At on x/ a y/ b z/ c
N15 |0.4910. 36 . 314
Cl16 |[0.51¢0. 35 . 351
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Cl17|0.67]0.54(0.67

C18 |0.69]0.5410. 671

Cl19 0. 72({0. 5640. 54

cC20 0. 75]0.5510. 51

c21|0.74]0.52(0.61

C22|0. 71¢0.50(0. 75

C23|0.69]0.504(0. 78]

C24 0. 77]0.5110. 55]

C25 0. 76]0.48]0. 41¢

C26 |0. 78(0. 471710. 35

C27 |0.82(0. 4940. 42

C28 |0.82({0.52(0.57

C29 0.80350. 5310. 634

H30|0.5710.57(0. 62}

H31|0.62]0.5740. 71

H32 |0. 58(0. 4710. 50

H33 |0.4410.4210. 12

H34 |0. 441'0. 3710. 09

H35 |0.541(0. 42¢(0. 45

H36 |[0.67]0.5710. 66]

H37 |0. 7340.5870. 46

H38 |0. 77(0. 5770. 40
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H39 |0. 71]0. 4770. 83

H40 0. 66¢(0. 4910. 89

H41 |0. 73¢(0. 46%0. 35

H42 |0. 7740. 44¢(0. 24

H43 |0. 8540.5410. 63/

H44 0. 81]0. 55]0. 74

H45 |0. 83]0. 46(0. 33/

Tab33&racti onal atomic coo¢tHd icrad tcaud afteerd twh & hu rMatt ea a lall so fS
program f-6OFTT DBC

P6( 16&exagonal

a = b =nd,04£4 4&(rON

U b =1 20008, o =

At onn x/ a y/l b z/ c

Cl 0.0310.4810. 55

C2 0.0310.4570. 66

C3 0.06¢0. 4510. 674

Cc4 0.10]0. 4870. 58

C5 0.10]0.5140. 511

C6 0.06¢0.51¢(0. 51 ¢

N7 0.13]0.47¢0. 58]

C8 0.1610.5040. 56

C9 0.1940. 4940. 53¢
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S10|0.1840.44¢(0. 46

Cl1 0.23]0.4610. 454

Cl12 |0.25]0.50{0. 501

C13|0.23]0.514¢0.55

Cl14 10.25]0.44{0. 40/

Cl15|0.28¢0.4740. 41

S16 0. 29{(0. 51({0. 49

ci7 0.3150.4640. 37

C18 0.48]0.4810. 491

N19 |[0. 44¢0. 4840. 43

C20 0. 44¢0.51¢{0. 47

C21|0.4110.5110. 48:¢

C22|0.38]0.48¢(0. 40

C23|0.38{0.4540. 30/

C24 |0.41¢(0.4540. 31]

N25 |0. 35]0. 48{(0. 42

H26 |[0. 06¢(0. 4270. 74}

Atorn x/ a y/l b z/ c

H27 |0. 1210. 53(0. 44}

H28 |[0. 17(0. 531]0. 57

H29 |0. 2410.5470. 58

H30|0.24(0.42]0. 35
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H31|0.30¢(0.4370. 31}
H32 |0.41(0. 53¢0. 55
H33 |0. 35¢(0. 43]0. 22
H34|0.41:0. 43]0. 23]
H35|0.01({0. 42¢(0. 73}

Controfloed Docking

a
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3.5.7 Crystallographic Data

Fi gB8X2Theal cudliahteeddr a l aonfg HEaNAg@@aBrC) cotbe okspective
functional i z eTdh eb umolldeicnugl abrl ontokdse |l s are based on repor
compound‘sa,ndEDBLC i s evidderetd rtaf atEif@iieh l4arr)gBedfueg t o st
crowding caus-edb byd tthhyetempneat ytythd c a s et hoef aDBGnati ¢ ri ng
napht hafoence come styay emiodtieh epd raald narnAg | e o f
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3.5.8 IR Spectroscopy
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FigBr®d R spectra of tChOF ssy mtahmeestgrFeTdd alpBBECBA Fp h( bDB Ca n d
DBE&OF (c) .
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