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1.Ar galnigdmi t thi nogdes )( OLED
1. Baxkground

El ectroluminescence cihsaraacidleydisecal Ibpg bt thoef econon
materials when subj¥dteed ntid iad elfdotrrti ¢ oc yprrrc
el ectrical means occurred during the first d
of the incandesceniThleulebfhyxi EmemaofEdihseome wl
was found to be suboptimal, with a conversi

6 %Subsequently, more efficient devices with enhanced performance (fluorescent tubes) were

developed, marking the launch of the second generation of artificial lightse ut i | i sat i
enhanced fluorescence bulbs i1s prevalent in
toxic mercury components for instance, t he

i nvelRtesck.ar chers wer e aetnirtatcitonege sby ObEDaENi s ulbi
the groundbreaking research and invention of
Subsequent to that ti me, t hei rcoultaiiugipd atyiso rm a
undergone increéased advancement s.

OLERpd ay an i mportant role in coint emplirlae ypHa
smartwatches, and ot her apcr tiadkklad diogpluasy dev

panel s btehceaiurs el cow power consumption, 3®small

OLERonvert electrical current into | ight, i
electricity. Thelpr paess refcoenbé atatromn t o exc
such as emissive, hole transgdoith, tadred r elc® et

process between thel:chtrhaotdieo amfd sa{@foYlldete t o t
excistiemdgt at7es Wfo t he exci)tiesd ptrroidplcetd dtyattehe r

process, which happens when the charge trans
and electrons, respectivelflyn darktemadtr otmo tthrei
which | ose energy in the form of heat , sin
characteristqgquoaant urmheefifnitceirenmady (1 QE) I s con

chall enge. Si mply because only 25% tohfe tIhQE e x
of fluoredomemth WOLHBHMs=oretically, however, t h
coul d alpOopOta olgh the intersystem crossing (
triplet 26 ioffglaehteé 385 % of th®e triplet exciton



Phosphorescent OLEDs are constrained by the
including iridium and platinum. Due to thei
substances are unsuiotnhaba el afiogre QOsnEpd|Eefenit @t $ ¢
i ncorporation into OLED devices, scientists
hazardous metals. TADF, or thermally activat
most significant devel opmeatbi emeOLEDsexAdaan
efficiency (EQE) of 20% by the effechiwe u

polycadeBazmd(ecdsudi hgamgntyal s and i ndTARMIi ¢ ma
OLEDs employ a mechanism known as reverse i
the efficient wutilisation of both singlet (S
of the internal guantum ef feisciiesncac hileQuEe)d otfh
utilisation of t%hee TADF mechani sms.

1. OLED device architecture

"Conjugated materials are commonly categoris
OLEDs. SMOLEDs refer to the cadwghbrglsetnhyalt [
ac et yar whrei v ghesederevatives are frequently employed in green and blue OLEDs

due to their exceptional colour puriwh er eas POLEDs wutilise | arge
s u ¢ Polyahenylenvinylene (PPVthis widely recognised conjugated polymer is commonly
employed as an emissive material in OLEDSs. It plays a role in producing different colours and

has been thoroughly researched for its ability to emit ftpt. E-DPased devi ces ar
t he most promising due to the following ct
adaptab-l umtpessehte, power f ul resolution, a
of energy, and outstandaliensgs ,ELc opledr floodnanrcadi
| umi nescence when induced by exteabsabr phaico oy
or el ect®™Whce nf ieelledcst.r ons and holes recombine,

as electroluminescence.

OLED devinaees w@apeof a s {actie llage which ¢s aomposed bfay e r
combination of organic compounds. An example of this would be a dagle OLED that

emits blue light and consists of a thermally activated delayed fluorescence emitter combined

with a host materijgt hat i s positioned betWetins tiwp tthhe nr
fundament al type of OLED device. During the

el ectrons that takes place within the afore



account of this, it is of the utmost i mport
capalihloilteys and realbe)ttihtagtn si sc abrernieef i ci al for boc

Thedeviacrees mostly made up obngdtwrouclta yoenr.s Taohfe

connected | ayer posseansgphhtbmogeabbeéei esecivhi
connected | ayer operates favourably with rec
recombine at the interface, |light is generat

ot her transporntciensg ilnayteres . emiddiewve organic

| owest occupied molecular orbitals (HOMO an
wavelengths of the emitted | ight. Addi tiona
injectianmdoktllkeecte®ns from both cathode and a
By matching t lthee essemtiallsurface featureithatge/erns the minimal energy
required to remove an electron from a material's suddate t hese | ayers to
el ectrodes, Schottky barriers are r esdwwsd, t

the typical str ucotmuprre solfragOdmbEsD twlietvh creesspect t

Substrate

Fi gullAet ypi cal stlraxemnr@LBD dewiudcei Where C=cat ho
| ayer; EML=emitting | ayer; HTL = hole transport
tin oxide); S =Substrate (gl ass).

1. Pr3nciple of Operation of OLED Devi

The anode i s anpeerlfecrtradae wwet hs hi ghhi,wlrtrhlar act
function, and is mainly composed of indium t

., typi
characterised as a transpateonh. elfTaet mndaewll

we-k hown for its el evated work function

i ndi um etxihn bliT@ excell ent transparency and p

possessing remar kabilee a haocsatcltyerarmrsd iccsar dends w



continuous endeavours are being made to dev

carbon, polymerichaterials, and graphene.

The -hojl ecti on | ayer (HIL), which is subseque
that are present in tH& hanoHlel ' Isavyeefrf iichntency
vol tatgehi |l ity of the device, and |if¥Bpan ar
reduce the obstacle to hole injection withi
hol es, vari ou(sm&de dsf odr ganrgiach nfoantmehmii &lf s) nor g

mat ersieanli £)o Mmdet ¢ thdaws e been employed as the hol
OLEDBShdsneceltucansiti on metal oxides and met al
Transitionsmattalimybdiedewi de (wWwNenadléthe effective
transfer of electric charge from the electrode to the organiclayed mpr ove t he per f

of OLEDs due to their favourable energy band

Fermi | evel in ter M8 A&Y at heisrul d o mdu dthieordilsdn
that It posselmasesheaeampmpecogmmidielde as t he most
particular sort of | ayer. Il n addition to ha\
function, and | ow |l evels of temperature for
transparency, particularly??%n?3the segment of
Il n the OLED sttmruwuwantsproe,t i nige | aglee (HTL) i's t}
complying with the condition that this | ayer
to be identical to the wor ks fiumgern @atni vod ttthaet
exhibits excellent hole conductivity and the
probabilithy!l ef relcombriomti on?Within the emiss

I n the cotbeokemDsBEDvye | ayer is i deal Thi posit
| ayesr responsi ble for light generation and e
substrateidapedi avli t hhat chr omophor®uhtsot aancchei se
such as polymers can be doped withSehutoimomphoc
B | e n dTha chronfjophore and polymer are combined in a solvent, then dispersion of
chromophore molecules occurs within the polymer matoixpy usingvapor PhaseDoping

(This can be done through introducing the chromophore vapour into the polymel) rilakrie
production of Il i ght occurs within this part
electritd@hi enenger is where excitons are fo
el ectronsepnmnsd thel dsi.ghi wavelength (emitted



determined by thbeetwéétear éehee L&IMOemaadgHOMO |
(energy .band gap)

The primary fundtriamspofrti hg eébhgetroms to fac
el ectrons to Tdnaxemi seiddawilcadf'&sD.per f or mance,
mi ni mi se t he (Geschbed thek potenbah energy ebarrier that electrons may

encounter when forming at a mes@miconductojunction) i n t he OLED | ayer s
Schottky barrier makes it di fficult for <cha
materi al . This has the potenti al to decreas

performance of t h ee fdfeivciiceen c yl nmeprr do vdb envgig dtelsee 5 s
possible b$chetdukiynbat heer, whi c2/F uirnt hteurrmmo rien,
this particulas bayerf fmost veebwaekre eephionaggai ns
inside the emissive | ayer. This, i el eatnpnen

and holes and subs’égd’ent emission of | ight.

El ectrons are injected into the organic emis

a egative charge. Typically, the cathode i s

e X

e
n

function that4e¥)geMagakebyumel( Myg) and cal ciu
amples of metallic elements that are char
s

possessing optimal wor k ufnwsnticadribere nvta |csoensdhi tti hoe
aqt emperatand, humpdrédinrgy®g t hem unsuitable for
devices. Neverthel ess, al umiinviepm i @m e deomrt st |
aforementioned metals. Aluminium has a work
OLExsat hmalcke loufmi?dTlihuem.f undameat abnal processes
depicted in Figure 1.2, commencing with the

in the generation of excitons.
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Fi gdu2 ©LEDs wor ki nige xpprlidm chasjt |steps for how polymeric OLEDs
work, beginwith all molecules ( holegfsitively charged) and electrons (negatively chartped)g in
the first ground state and completing with excitons being formied.

1. OL£EDs Applications

Ongoing investigations are being conducted t
wi t h moreef fdrcd regayt devices, such as fluoresc:é

generoaft iaomt i ficialt dti gdhttei cnmgo | dSpilesd have been

plenty ofthes2@r®®@BLEDs, which originate 1|ig
and orgemiictiinghtdi odes in pa’OLE®uUIldarv,i case &
significant due to their substanti al comme

demonstrate not eworstpleye datotfr irlestpeon,s ei, n sli ungpil reg
effective and secure i mplementation. OLED de
on the mar ket aemattiesgl thafatherrssets, whi
with mini, manli gwmeiegfhfti ci ency, and quality. The
vast array oftapplri ad®apoabitlueyto



The commerci al i mpl ement atiling lo fp eOridEdrsimad as< ee »
high brightnessaccurate colour reproduction, and energy efficign&urthermord) i g h

gual ity displays found in contemporary mobil
a broader viewisigiaomdg Ima,nudealcft uri ng thinner &

devices produce images of greater r eweorleut i on
produced using?®t@AaEDtdboepl ayEDbave recently
advancements that extend their operational
devices have steadily grown since their init
watches to OLEDcwalkepapesre,l echion of OLEDs .
extensive. Furthermore, corporations engage
examine and i mprove OLED devices as well as

|l ndustri esMerDukP oanrte amadng t he many corporati.
A numbceormmefr ci al l ighting panels manufacture

in Figure 1.3

Fi gu3CL EDS g hptainred s f or c¢c ommerl aidd In gpuarhfaad ssd snag kit h g g
TVdaptops ldsd

1. @CLEDs Generations

1. ZEmitters of Fluorescence (First Gen

Accordingste, spbi sfathe excitons prionduacned ¢
el ectrol umiaresciemtt eysicgltdtougthateexc( $ons ar
in excited states (Sn/ Tn), their internal co
i's because the decay 10fr)tThe Itdcvee sgir oausiadiwtliset da t
radi ative emission i s 7a5%wfi.¢echi ghe-saapala&tmeq
however this results inehdatr ¢ddrmuer atsicem.t Trad

y



excited state singl etther ardeisautlitv eilsy ad epchaoytso nt oe |
The onl y xpgasstsaidbel e n t hese materials that can
of Thasessitionst &tgerso stnrdetpuesetaddi ti onally hind
selection principles of quantum mechanics. T
excited eamaxiit@b®, twhiach has a si ghaRdiaames ulimg
t he hli@Bbeywitel d t hbaats efdl udoervei scceesn coean produce i
boshngheat 6fsitpalteets Tmust be gathered in order
Figure 1.4 melmbwri bfudt uvarescent conjugated

PolyFluorene PolyCarbazole

Figud&xampl es of fl uor esc¢intl (wafluoyescgna topjubategp o | y me
polyfluorene is an interesting compound utilised in OLEDSs, particularly for emitting light in the blue

region ( bBolymers based on carbazole with substitutions at positions 3 and 6 have attracted
considerable attention because of their unique optical and electrical properties.

1. Emd tters of Phosphorescence (Second

Baldo and his team have esp-bobetd oewphbrognfir
met al compl exes to produce singlet and trirg
devel opmeelftf iodfi e cgyle mirtgtaini ¢ dif@chane t @OL BDD)M. Wi
| arge orbital anguliari umo noern tpd m,t i snweorh, asan be
as rep8atdd hwd PRP'sTHd sl Inecatgaule sat om det er mi ne
transition between singl et -anidtprtaen spiliantb esx ci t
system crossing (I SC). Thhuiex diatcaa s ctitatdoel®s t h e
emisiforomtTat es t hr oug.h PBphhosphorrescemoce repr es.
achievabl e, whi ch i s 100 %. Whi | e t his kno:
devel opment of highly effective OLEDs, dr awb
OIEDs have a | ower efficiency than phosphor:
noticeabl eedesr obsedli h&s entgemant ohgbpbespho
OLEDs is significantly de®cbeadasedupanadgthelfie
composaedbbhéavy "'meit’adLdEDsoul d only reach 10C¢

¢



phosphorescence umattielr i ahAsD pwmnotpdeddtyimems eohe nt s i
engineering amndimagt d@rhiesleheheeavi gnaad e riital sossi bl
100% | QE strai ghtt sfisnbgaliteethe f |l uor escen

1. Z Em3 tters of TADF (Third Generation)

TADF OLED devices are the most reemht ghtnov

t hrougéoettoheeh ngl et and triplet excitons, I n t
emi ssive mol ecul es. Their application in th
grown substantially over t he apcahsite vieedw ay ecaornsp.:
l evel of Il i ght producti-hasedfdevieon®oy ga®i d o0
mat eThal small energy gap betgEeein TARF smalgd cu
enables the reverse intersystem crossing (RI
stat)e t(oT t he exchiht.edl hsei regxlce tt esdt sstteat(eS | i f espa
i n mi croseconds, wher eas i n conventional 1

nanose®fondprevent tommoett anpli il ation in PI
emitters with these benefBecalséetthayedohnuot
precious metals, TADF mol e ceuflfeesc tainvde .e mint taedrdsi
mat eri altshearmaldlysst abmat eploavkeeret ai TARBNnstr a
di fficulties, including degradati onhentdhnmreeavi
generations of QlEu&be Isb.w.l | ustrated in

S 25% S 25% S 2504
SC \ % RISC
75% T,

75% T, 75% T,

|
<::| | Nonradiative <:| <j

v ‘ v
S S S

FluorescenceProcess Phosphorescenc®rocess TADF Process

Fi gu5CeLEDs generations andlthei f | deov e|oadgme2est %plr o
ofsingl et exci twhistl el ing Xeaiti tto nksi ngPhTtd &o). A et es ec ond
gener phoepmonfescencéO0OPpwooesbpth singl darawdiaaedi pl
ISCand emi hr duhgprd nlciotw pfl i cmhee avy met @ h esctb agpd reexr.at i o
( TADF pr chcaersvse)stc almD 0é o ft rbiop Ibe tsri ensgigelh 0 .n



1. T3hermally Activated Del ayed Fluoresc

1. Bakkground

TADF substances represent the most recent d
OLEDs. They provide numerous advantages over
el imination of heavy met alisntaenrdn al nopu arbtlem i
Theref ofhea,seldADiat eri als are regarded as the |
i n OLEDs. sMaiegbD&mal, | mol ecul e materials hay
guantum yiehd abdl hyet o cowemrs,t hrearqitng ef ma
red. Neverthel esssuthédleaw as @b eslh a Wilhtoysbnatl d c | e s
mo |l eciun esommons od ygeearkiscng t henh ow n sswiltuahbloen pr
Mor e dvherg,nc bhyestad dmaskeidn gnotrheemggr egat edt atnhet he
whiacdnfdtiahdislhlee y.i ocTftche s ® viau ttomplke mi se quantum e
and i mprovmeudavcitdehagci ng wioherprnevii@ausan be
diregttiemgti on towards tsechmpsosemptdi dboephns
of the employelsiedpoitiygriegtsr i pl ebh@eansea gd/0 htorsd rsg
andccepeomabl e tlkeaeerdy ibtitawetefne rstirnigd leevti asntdat e
RI S@nidmpr oveAsDFt hreat eri al s' neep adRiurvpebl eyf omo ma ¢
mor e siondeutbimeon or ganawcd smb v esnttabbeirlmatly i n ter
mor phdloogeynhancebidelUliyeedstel opment of preci s

y i el desf fceocstti ve mat er i al® | uphradocneasrsei nagp.pr opr i at

The use hoafs TAODRonstrated remar kabl e efficac
fluorescence emitters. Covnslegpmant yoft imat sy
function as the option of emitters or hosts
research in modern times. TADFeimbéetcuvVvesahte
to organic phos mhoerleesccternotl uma tneersicaelndg idi spl ay
greater display quality while bei n*Pamokreer af
and Hatchard made the discovery of eosin dye
Activated Del ayed FIl%%Bdraessscee mened) *Piyhgatrdeosd liessras ghute
initial TADFcoompkeae)x @a€Cuer) a period of nine
additional TADF mat e Mioa le ®colsmarable fragress had beere | 0 p ¢
made in the field of TADF utilised in OLEDs since 2009.



Foll owing the discovery of Adachi et al . i n
devices reachédW thsthe gthesvse !l ppmeant of newly

it Iis now practicable to fabricate QUOBD devi
Furthermore, it has been observed that the T

as thirtyg geeeietobemnigces and al mwmstbl| tuwee rOtLyE Dp are \

1. MezhawmifsmMADF Luminescence

The OWbBDBiIix architecture typsevadr dlf @ rnga uidce s
| aywirtsh di ff er e(uc hf uansc ttiroannaslpiotriteisn g, ,ainmj @ct i r
cat hode. Typically, there are founuocbet i ntt
|l ayers they contain. Speacieri caloluyp, egor gga migd eC
The most commonly us-kdyéen‘*‘@OE8¥EPseobmpobitione:
organic | ayers consists ofa dfuckE®,l amd eEMNI 3
performance of the device. El ectron inserti.
occurs fr ownetphed eannsoidaep p | i e d. Within the orge
combine to gtBerlht=siamglceéetr 0Ppsiar eegentonsed as
of their distinct spin states; tac ctorridplnet teox
i s (The &ectrical excitation process in OLEDS, specifically the formation of excitons on

the emitter, results in a singlet to triplet count ratio of 25:75. This ratio is determined by the

spinstatisticsof charge recombinatioy* ©* A¥°t er war ds, the excitatior
ground state from the radiatively excited ir
process of emission. All of the photons that

ar e ntirtanesd by the EML, which is the componen
of OLEDs.

Two types of met hods daervei ciessed Tthe dpersdt e nQ@L

fluorescence and phosphorescence, whil e th
uni mol ecul ar mechani slmise | aw. | THha sitmiattieal | mr &
aprompuorescence (PF), while the next step I

(DEFY .I° 8 the process of promoting fluorescen
foll owing molecule excitation. Foll owing the
producae) bodhi(fTSa ratio of 1:3 respectively.

bot h Faehd BF medchsgoniasymsdi ffering fluorescenc:é¢
spectral distributions being comparable. TAD



procebsastion efficiently in OLEDs. The init.i
and triplet excitons, which are produced in
hol>®&f.condly, by using rapid vibrational rela
the high exciton states miogtr dtMortem vieditee (it dv g e d
of the TADF process i's ther mal activation,
accumul arteetdu natu tfon @ t he URIt S Gragredgyesal |- exci t
excited statef wbi bcht censi sagéet excitons pr
transferred, wiid It leviegguatholl 6 eEea¢Sransi ti on
varying luminescence ®EFRrmd i DRhsmedlmgeiesdisseg d

conversion | eads to greater DF ef ftihcei eRlcgC °
process. One method to enhance the RISC proc
bet weaemd. TSThi s i ndicates t hagy) tbheetrwee arrs tah e nfail

excited state and theTADiFr smo | seicrud leest eexxhd ibti e d

di ffefeneesss than 0.3 eV between the first S i

By converting all triplet excitons (75 %) t
(microseconds) , 1 ttchieiSsRIlaScCc ofmpd s e d through
environment al heat . Further ho oterh e Pice madinrtirn @
oexcitons. Therefore, the internal quantum e

As both DF and PFRemissgensratéei fremeStra a
spati al separation of the LUMDI andf HOMDr gpd
commonly wutilised to deter mi°fes taher eesmilstsi @
mol ecul ar structur@trotmigoh as)dt FpDEphadtye biuad lk:
a | gy ( Ther mal condi timmilse maryt bteheartRII $G.edTHt
conversion of ewelSyheriptéeerenmachienmes an int
100 %.



Sy S
% % !SC
Isc RISC T
LB
P ISC IS¢
S So
Conventional OLED OLED i based TADF

- Low excitation utilisingratio (Only 25% of - High excitation utilisingratio (100 % of both

singlet excitons can be harvested). singlet and triplet excitons can be harveste
- Short lifespan fluorescence £s). - Narrowenergydifference(ldeally less than
- High energybandgap. 0.5eV)
- Long lifespanphosphorescendeug - Long lifespanTADF (~us)

with precise metalss(ich as platinum, - Heavymetalfree (Organic molecules).

and iridium).

Fi guGSc henbataige am of Conventi &6habrasdeiddABPF PbhBPBPT
prompt, del ayed, thermally actsiywdteand cdredsvsgireste ain
i nsgistem arreosrsemrgesented by F,RIPSCPFr e ®fFecTADE] yl

1. dDr3Janic TADF Mol ecul es Design Princi

SmagEdtand high PLQY (photoluminescence quantu

the fabrication of TADF emitters; these attr
l ight they emit. Additional faateascéemantcohf
process include the stabil it ymaoxfi niuhme (nFoWHM)u |

t he emi s s i(Reduces pWHMWaluas mesult in steady Rignals, minimising the
occurrence of photobleaching and maintainiagsistent data. In addition, a smaller FWHM)

value implies a peak that is sharper and more precisely defined. Within the framework of PL,

this signifies that the emission spectrum is highly concentrated around a particular
wavelength>®( see schemiani tli JYyhCepmamdering the conn
parameter s, the objective in designing the
however, this approach may resul't I n a min
According to a nomibe raC®fe pdsnooul dei(ceusl ,a rt hdee sdi gn i
effective method for producing TADF mol ecul ¢
this mannkasgpldamariahgon bet ween®fTlne blHOMO T @&n



c | e @hrough the effective separatiobhetween electrondonating (D) and electren

withdrawing (A) units, it is possible to harvest triplet eneztficiently .5

Il n spite of the advantagelpdsasdomolae eudl awi t dhe
weaknesses become apparent across a wide rar
transfer (CT) emissive state gswvescessethe d
| ifedpanréeéduced due to the instability of i
devices i s proportional to the instability c
spectrum o st Heinrk ecdoé roeufrompau,r idry.ef fort has bece

concerns by modifying t-decesptrarctde<ei gfi. t he s

The properties otfo tthhee deaefvarceemeamrtei dnendk epdr od u c

guantum efficiency (EQE), which is regul ated
while effofcfienwhi ol i ndicates that the eff
i ncreasinigsbdetgdt miessd by the | ifespgpy of del
I n order to enable the wutilisation of TADF e

the primary attribdted edf @heedeendes beefa

effici-ehty ewtéeptional col our purity, and a
colour purity is not required for |lighting a
emi tndert hae device wild|l be included in the di
striag& g

MPp



- Strong donor/acceptor
Small AE - Distortion of backbone
structure
Efficiency
A - Phenyl linker
‘ Hich PLOM - HOMO dispersion
- Dual emitting core

Stability Stable structure - Frozen donor/acceptor
- Rigid acceptor

Figar8chematic diagram of Materi al Design Met h
Paramé&her ey settings for achieving a smal/l ®PE S
desirablelight-emitting features in TADF materials. Furthermore, crucial requirements involve the

FWHM of the emission spectrum and the materials' stability.

1. 3TADE Emitters (Donors and Acceptors

Effective selection of mbothuwt bnee ckecsmsaoarr yand trl
photophysicadf chADFR criahlree duliceass i sati on of HOMC
take place on the donor and acceptor units,
technique reduces the singlet eere@@aggettowereTPADF
the HOMO and LUMO orbital s, wi t h auMmenithasi gni
HOMO and LUMO are located far apart from one othiegir interaction becomes smaller. As

a result, wideHOMO-LUMO gaps indicate higher stability and less reactivity. The spatial
separation between the HOMO) and théMO can be estimated by measuring the relative
strengths and weaknesses of both the donor and acceptodunits.c ont r ast ;t o st
cl as pipfhsee@HOMO v@H eutebi aam ah ea c;c ecpltaosrssidfeieepd by
LUM®@al(@MN het er)oaward kicildeosnirfd eebl®o MQ w(@Heulkeaz ol e)
and acceptassisfthiadldUoWy w(drléyper e ny | tmoil eezciwmles$ r esu
a small reduction in the singlet energy | eve
LUMO energies |l ess significantly. Subsequent
be significantly r edeupxteadr bmgo Isetcruwlnegs diom oo o napnad
counterparts. A wide range of donor and acce|]

design of TADF emitters, each with unique do



and LUMO | evels of the emitter have a cruci ¢

and acceptor. Regarding the donor mol ecul es,
strength, whereas a shallow HOMOni adcoapaes aaé
mannaerdeep LUMO indicates a weak electron ac

signifies a strong electron acceptor strengt

mol ecul es are typically ucthosaesn afnri mm, s pda ainfi in
phenothiazine, phenoxazine, amdr iididnoel,o c arabre
Al ternatively, accepbodwemati itcs Kk ectoommneo,n |tyr i azc
oxadiazol e, benzoxazol e, t hi ada mtzhorl a&q u itnroi naez, i

gui noxXaleinmghearot,pih&anioxa aicme dameé are exampl e
donor mwl HOMIOe sr al(4ded 42 VG7 -£4Vg8adis). (88 eV)

respecimorvel swhall ovvad mefil@®@™MOnor e strongWidenor
carbonitrile derivatives ar é¥cqghsdéed orwe dl epad wd

di stinct TADF acceptors and donors with resp

ol oo

(A

I\IIWN NN
oY OO

d)
el ¢

Fi gu8vwari ety of donors and accept ordonuosre ds tfroern gt
i ncsreeaf rom t he plreofptotticmontath ¢ ytrhideg ntha i im{@br jeyassri ynlga mi n «
dondoseor 6s detrengeh éfriomt 6 heé decme adit nigmigtt thaeeb i d oi ntay
(phenot hoi agzahiorxeazi ne( crhad erdaycld pheogmpisdrraong
accetphtwor phenyalctcrebpzti anrednegctrhe ase fr om t(he IBefntz othdo ttr
acceptolrassi fied (ahd gsht redregc tacocne patfdrisni t y)




1. 3MB8l 2cul ar DedeéelgayéadrFIlshorescence Li

TADF emitters exhibit | ight emissiodhelsayage p
fluorescence occur over time | engths of nar
Reports indicate that the rapidly deadayitn g ef
| oss mechanism. On theradnhnmaogssehesridlics et
anni hilation (TTA¢cawicmrgeadebkayed sfllowor escen.
el ectrons frleenvaeiln fionr tahne efxt ended period of t|

to miniUpiaseameheprewbnth delayed fluorescenc

—

ransi tidt ot $for8cemm T he mi crosecond time scal e,
ccor idyEsnigd ydecreased as a rcefsutetveeofsei noateas
rossxidgceg Whki ch control s gEdye olnicfee ttihnee dbeyl adyeecdr

i fetime reduced by the molecular design me

o 9

addr egestof h@8ADF emi tters: i ncr eaacscienpg roalec ¢ ingihr e
and detboemimgker that connects the donor an
fodecregEsamg therefore owéddeil agedh®¢ | uiof esicma

1. 3.Bor2orl and Acceptor Strengths Manag

1. 3. 3Maz2n.alg.elme nDbonor and Acceptor Mol ec

An efficiedesapprogchADB eqgbstenhe¢nrms | wi ther edeco

of strong donor and acceptor molecules, whic
consequently stabilise the singlet energy. .
phenazine, and pheebyawnsed, awbet hasmE&sbt swbdt
heptazine, and CN are the most frequently em

reveal ed that the del ayed f | ugo rsetsrcoenngc ea cicne ptth
donor sphhoatdolaumi néespane of l ess than five mi
emitters, which t akatedhdaasnnagage eonfmaparmi cdamfs a
a short | i fespan of a few microsddonds. F
(sul fongHdanysl(endl) Nnéd s-¥O®hYdr o dEMA@DPB ei)s wi del
utilised as a blue TADF emitter OShaté! pb%ssce
Not withstandi ng-ad heptwenagk neateucrter omf di phenyl
accephbdADO®S the presence of acridan, which i
(shall ower HOMO-4v. 8I8wBe eovf) acerfied asaftfloe csttirveen gy
the |ifespan. There are malbtiisp-t{Bmawds plchat edi

My



(9HYy L9 ,-@i me-® Hyhli ox ant h-é ne x(DLEDE DIAOc alnel 4 ((49-H

car b%yzlo)lp hseunlyflo)yn y-B }dBihneerdyH-8)0 hy dr oz Ai&iFnwh i c h

have a short alnidf es.p6anOso®®*Aletstpewcdgh vakbtyi dan |
acknowl edged as a donor mol edaohet wng hstar ehot
greater than that of phenoxazine, phenazine
phenoxazine, and atheddonwer ol dentesi ed 8he
to their redperating ebpabrbnties of nitrogen

]

esults indicate that with increasing donor

|l eveli egff iepnecdg/ f e(qenc el eadi ng t o a sShamg t eni n
donors effectively reduce the singteplet gap by donating electrons to acceptors. As a result

of this, a narrower bagap leads to RISC beingore effective (moving excitons from the T1

to S1 state within a shorter time and reducing the delayed fluorescence of excitons in the T1
state)which improves the efficiency aGfADF. Fur t her mor e, TADF emitt
amdentical i mpactgEesrcgaduadhmgndti feng mecaeapt or s
The uti stsangoacokeptors together with weak d
boglsrand | P¥ espan.

1. 3. 3Di2s.tlo.r2t i on bet ween Donors and Acc

The advantage of strongEst&€@ldi csh adruaec tteor itshhd cmr e

t wisted backbone structure between the donor

design involving the distortion of the mol e
d o nwitahe -pos$hbi on of a phenyl l'inker. The di
hi ndrance between the donor and acceptor, w

suchb5(&@#s4-dbphEng Ir5-2zHp)ney-b b enzof ucr]jJo da3r(@azol e

[ 5-(z8 4-d 6p h-BE B ytbr i-Z2zwhpmermby-b g nzof-af opB@Ema z ol e

[ abd4 4,di ® h-2ny-3r,i52zHp)memdy-bgnzof uch [ 3,
car b@BdlCe fJeaxh of the model compounds was ut i
of th€iokthg approach in ©©8asedgomoltéeulra&rrs u
obser vebd- Gzheaxhi bi ted the highaeEstandwif feracy i n
decreasing fm&mCa . aindd eV 3foare®z frozr 0. @ @2 eV

Yr zSi mul t Bvnael ounegs ffayf; wahecompar ati ved.yd shor
€S , in contesaskhibitéde BY the remainiidg emit
value made a substanti al contr i boutfi oinn t ToA DtFr

devices, resul tiimg EIQE,a emaxi mihfe elghetalse I r @ On

M ¢



maxi mum Vkhd uEADF emitters demonstrated that
character, las 3i attma®Beldytt 4, i sopr-apHi peaawyl )
[ b, edxalbo34i}a)kcnar bfy oim the preseemaaeanedfthyl £ ad |
as atltddbmorcarbazole donor and a phenyl Ilinker

|l ocated at posi/JiemsttflemandTBe odorndire Hecame \

phenyl l inker as a consequence of this circu
a result, the (7)) emi gE®T (x.h0bi ¢l¢)X 38 Mda sk a
measurements. TADF emitters that i ncorpor at

derived donor units typi cgEs)ayn de xsbhioorett t(e ma hk
di st orti onanadhveetrhtei ccadnoprosi ti on tdhfe tpohengdbnodi
Within each desigrFigagfeodyv.icdiassaf sommaon, of
design approaches Wamat eahia twtrisl.i sed for shor



Strong Donor/ Acceptor Distortion of Backbone
Structure

\

)5
H

&0 O N

SN
CzAcSF

(0.14 eV / 5.6 ps)

@z@ O
2 7 W

oBFCzTrz
DMAC-DPS (0.002 eV / 5.4 ps)
(0.09 eV / 3.1 ps)

Shoeehe
S
S: B
0o (S Crio
DMTDAc N o
(0 eV /1.2 ps) O

Emitter (7)
(0.01 eV / 3.49 ps)

Fi gu9Eemi tt er s chemical structures assocbDmted wi
the left side of the figure, increasing the strength of the donor molecules from CzAcSF to DMTDACc
results in a decrease in the band gap between singlet and triplet, which in turn reduces RISC's delayed
fluorescence time. On the right side of the figtine, distortion of backbone structure (how donor and
acceptor link together); the ortiphenyl linker to the acceptor (diphenyl triazine) in oBFCzTrz
increases the gie hindrance and results in increasing the CT, which in turn minimises the band gap

and reduces the delayed fluorescence time of RISC compared to the m and p phenghétenade

less steric hinderance.

1. 3HBgB PLQY Mol ecul ar Desi gn

1. 3.BeYi.dn of Phenyl Linker

Vari ous dmdiegrud aravet beemh 8 iu@Q&fEAS DEN tstuecrhs
as (phenyl l'i nker, HOMO diRepenscbon hasumea éveh

HM



chemicals tWRPaQYexMhbse bompounds, however poc
structures, can be categorised into three ca
high PLQY: firstly, t he design i ncluding
i nvolHVOM®@yi spersing; and finally, °®heodestogdi
OoMADF materials primaril-yreempttasi ged whehopht

the mention of the phenyl l inker principle.
al so suggested using a phenyl It ion kaecrh i teosr ea lat
PLQYY ovenlheppH®OMP LUMO | evels. I n earl4e® TA

di ph-énglr5-2wHOjh e-®WHI, -39, MBiNc ar (Ca 7D, ¥ he-ay B, 5

tri 2z-dnel-)( (BBHIINc ar b a(@ © 2A8 )1)2 ,-A® Njib,i IpNg d-n ¥ ) ]

1, 3,r5 @2z-ddne!l )-hh esd Ylddli2h y d r o i-an]dcod rob[{RR2z;B3R % ) and

1A 4dieph2ng Ir5 2y 5p he by, FId2 hydr oi-apdotar(lhl &z @1 e
It was oPstQdfVedhéebatemheters was | ess t|

to the high energyamgdapLbMO wewmi d¢theprHOWONt ed

emi ssi on®9%Tfherieglot e, dthiadi ersi giamdR @Y achi ev e

empl oying thpehedgsi dn nkfer aand effectively m

HOM@nd LUMO | evels. The phenyl l i nkeandlesi gt
LUMO Ikrwededstending them to the aromatic phen
of high oscill atotrhetH@M@MOh eixs ensli oant oupdr
in the TADF emitter. This advancement ul ti ma

| itglbbsonrmbbimhgty of the emitter.

The i mplementation of t he aisreidtaTillIRye rd,e vsep eocpie
2, 44 81 6ad 9bFmyzio)l 1T soph4 Gal)igM idemolnstrated not al
i n enhancithnmott dhet PAaQY90 % nd Do ltRhedgseort dalitt rg,gd

the phenyl | inker was used to connect two CN
carbazole moieties, which arieCzebelcucbaor @doha
crucial function in abevatdI O dame EfLQXut agian

above 20%. These specific results in the entl
the overl ap béetUNM@an tH@MOphenyl mollienckud rar b aosrebc
cal cul¥4iinocne. t he phenyl Il inker strategy was |

materials were created by connecting donor
t hpehenyl l' i nkeTABFramiegyer s has @offréotr maalcye ¢

this design in terms of increasing the PLQY.



5t hed
o

2DAC-Mes;B DPA-TRZ
(100%) (100%)

PLQY

3ACR-TRz
(98%)

Fi guLr@ADF emitter chemical structurded nkierh drisg Iy
Emitters abbr eMesadtB dawkRa2EeR2mMD ALCc hi eve 100% PLQY;

usingsmuéng donors (triphenylamine) connected tc
emi tt eTR3AECE®n reach 98¢ nPullQYi mluee donairsds of acaric
is connected to thethpebeaptoti pkerazine) through

Studi es i Kl ug(tNir,a®@3d 4%dh e, t7a a z29a-p h etdrail @in)e- t r i s (|
Jtdbuoutyhegnyl )HarBTHMe) s considered a highl

emi tter due to its effective debsutowldi f oaed of
aromatic amine as a strodohg donoom&i 6h t hesphé
that the PLQY achieves a notable | evel of 9E
18/°%Furthermore, the observation that the PL

hi glR%as ndi catedrtzhas BMAGg the most efficie
t er ms of pParmfeor fmammat Dolncrofas TABDF emaster

accompl i sheddibme-8 h-phikh yndgr ®a Or i di ne ( DMAC) as
2,44 p-heayb azine (TRZ) (taoc ttelde apsh eanny | a cl ci enpkt e



position. Similarly, t he design approach

composmdls as stpriiraoza cnrei dhaynb’rai ndd,, 94\ i9ndGAd-e ny |

1, 3r5-2zHo)e nzlenZ,rd yl xtaribsa@E §MHCz))r, invol ved

i mpl ementation of t he nptodvyels laitnt kaeerh i cvgn acdeomto.
the phethgthl ewket he’®3dd8hietadtdkagdiesn.obamelde c ul
on high PLQY and wephesght &t inkereniiefi gms ar e
l1l1@dbove.

1. 3.BO0MO2Di spersing Design

The successful | mpldeinsepnetrastiinogn nfihleet divelsaHO Mgt ii (
t he HOMO over t hegharsolleecquétradr obsiegvimedcasur @ TADF e
(critical factor in det,erpmamtingultarel yb eihma vti eru

design has been effectively combined with th
The H@QMOGpersing molecul ar design concept ai
HOMO andibhUMBGe backbondosor s ca nrdeesapbesottpiiicheantsy
is achieved by wuniformly distributingnghe HO
the degree of overlap between the HOM® and
TADEMi tters are enhanced. The HOMOGpdemseetr sd:
into the Cdelylgeamplfoying four carbazol 8 donor
When ¢ omp-dri (-chagr bSyzlo)li sopht(bh@z Il twhiilceh cont ai
carbazole uni tisGz lidchhway efdo@and i gmatf i @&/t | W hb e
can be attributed to the superdor | taodidiistpye rosfe
the HOMOe initial increase in PLQY Iled to th
and the subsequent operation of an additiona
30BY employing the identical principle, higt
containing three ar BaHod9e 6d o-bo -8 mo-Belthes,
benze-he 2t ri Bl) t i sne-D B &r b &@ oniCe ) and

( )Theesmi tters exhi bweireg delvet wégwend oRUN@Yh wi t |
t wo carbazol e don @ r-OfNjshtod pehebun Jelrs5 -2y Hl)n- 3
phenyl encea)rbbi af2(0% Hr.z When bompbaemniyydzelrszi wi whs
found that both emitteCyg Tomltyawi mreaddacdd 0&% IR
to the presence of extra carbazole units. T
extra carbazol e moltehcruol ueg he nthhaeo ¢deesl hotechadl OMRIAQ Y o |



HOMO Dispersion
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(100%)
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94%)

HAP-3TPA
(95%)

Fi gurleADF emi tter chemical strudelOMOedi wpehshiogh dl|
I n compounds such -lals 2rmd TOLE(Td zn 0 IDRA)CHOMEO di sper !
connected to the acceptor through the phenyl I
compounds S3ulcPA asndHARCzI|I PN which achieved 95% a
percentages in botéat ttrwiob dtaessd tco mpeoaikn disi sapeer sed o
as they attached directly to the acceptors, Ther
the first fourth compounds.

Remar Kia€CzvlTg zhi eved a high EQE (extedralt cesant
based blue TADF emitters, thanks to its inc

HP



derived from &affbalkzwoiiSHrc) as wcabwy dd)se 4-t ed r-a6 ( 9 H
car b#&-zydl) ben(z6n BLrzillNe demonstrated tihsat t h
attributed to the undduwsed dhysttrh & tthieo @ QiEd n dHi
val uel %ofprovi ded b ihe émitter was bril I
del ocahies HOMO t hrough the use dfi smet si oph ewad:
additional technique for attaining a high PL
of asbuluct urei ofthadeTADTROetmi ¢ t BABFE ednfij4 t er Kk
(4d6phEn3|rS-2zHph e ARy, | )3 Af, 6t r, BMMNREBIN Y3 Nj:erN), ez o [ b
I nd@he two car bazol edsi pshuebnsytlictautbeadz owiet hwe3 ,e6 e
moi eti es. Resear ch2j)asmiBtetQ&m'yms ekdetd hat vahee(
increase in both t-thies PdrQsyi mghdc a thaebiHOMOy r es L
EQE re2a%hilnm &dddidtdiidnhenst)r is2zHprh e aNy, [#) & N

t et rydp Hceanr b 8 z-dbil @ m{Dm\ & , whidels igsnem di phenyl tr
acceepxthirbi 1e6d% PLQY and a o029 %hEQHE; sdg idurtesowml
of two cabbaidlueed with diph®@rf¥li gunirrebdate, pos
presents a summary of the molecul ar design
PLQ¥nd highlights the ttgptitealdegnign eafs KOMOD

1. 3.BesBi.gn of Dual Emitting Core

A recent advancement i nvolves the use of a
creation of high PLQY. This design consi sts
single molecul ar architecturemi Tdh@rney ndleg il gn
proposes that the combination of t wo- emi tt
absonrnbithggegt heemiwsshonhhef the TADF emi-tters
emitting cor e de s3iNg ebt, radsurebahreprlnolriggh 2 n 2 INj, 6, 6 Nj

tetraca@baonl)ENiwha ch was effectivelydsyetchesi
coupofi nipwo!| €mi tters, was the initial TADF emi
utilising the dudfA emimptairn oo o Ibadaetezh oFdN

reveal éd t hahowed a hi gher afbo@dppmodaO coef

o pm Al asm result of the t w8 sTADFc ounnsietqgsube nack
PLQY andDEQE/exfper i encdd cnroetai 9céesaf bnlpemt 6 B, and
frdM respectively. Additi eennaltktgirnegi TARERS e mb 6t
incl bdCmgPeéexhibited a shift i n emission spe:«

observed transition can be attributed to the

HC



by the direcghemwlpd.i nHo oHandvoe t he col-our shi

emitting core design, one potentiwilaa dtormatre g
mol ecule in the molecul ar structur e. Thi s
spectrum emit teerd tcboyrnegt hT;ADH u aelmi t t er s . Thi s

demonstrated to effectively manage the emis
according to the results ormmoliemwwelsdd gwittilonacd
consisting of di phenyl Wheazicmensaddr idingeydhno
compoumsds h 6a, 56 WNH ,-[93N[HB Njar ®©a-BdNjpé )9 (94iar bRz o |

yl )i sophthaTonpit@NH e ) BNH i4dNp r Dag zddI Mg ]) o (9H
carbéylo) isoph@HIICIRNGEMidION,-[ @ NpHANa r B9, 209 N ]

di yb) 941ar bSyzlo)l I soph@hMalCgrPiNt hat e)cont ai ned
moi eties interlinked in various positions, (
on the intetdimnpadtiposliaionthe emission spec

composed of two car®paesiti oni b ¢ aeshhe dfateebda t ¢

Hence, this evolution may be ascribed to the
bet ween the two carbazole units. A noteworth
emitting corecTARBDB eadmistutbstaniti ally due to el

in turn |l ed to thkhevibmesseada STADFEQR ismcmmbaery o f
design approaches that anodcuisltibues targaptieeai n @ mh
relation to tehnei tdtesnegghsopPrghebakdwi n



Dual emitting core
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Fi gulr22ADF emitter chemical strudtuarde® mwittth nhgi g¢lor|
Compounds such as DDCzI PN exhibited higher PLQY
of two TADF emittero6és cores compared to 33TCzPN
donor s.

1. 3MB8I| écul ar Design for I mproving Stat

OLED devices with a |limited | ifeSpesafcalyar e no
the lifespan of blue OLEDs is roughly -#0 times less than that of red and green OLEDs,

which is currently unsuitable for use in commercial applications. The liniigsgpan of blue

devices is mostly related to emitters' vulnerabiffHence, the | i fespan of
cruci al for their performance. Ther eftor e, [
guarantee their ability to resist and per mif
numerous studies have examined the I ifespan
studies have specifically addresmetdt ermhse wiot
extended®%Hridmespanlsemi cal structural ocnlayndpoi
all ows for the inclusion of stable wunits t

operanhvohves the poaslilta ovtei mmmlda fne®matt hetxceg et tohnesr
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by the TADF emitters. This also highlights t
under chargedetectuomeat amadeshol e transpPomdi ng
di ssociation energy (BDE) is a measure of tF
negative or positive polarons. adxo naorro nantiitcs am
compounds possess | ower BDE values for negat
with carbaziohadwee dieir g vallE .v afsaucep toodfr Bmol ecul es

such as diphenyl phosphine oxide or diphenyl s
compari son awaé¢ et oot hmaol ecul es including ben
whiexhebetvat edBDER.l ules o@rfder to address the

design of the TADF eemittteter §d owutsibdhiogloosiealb

donor and acceptor units with hi gh BDE. T
di phenyl triazamae, t bemzwohbtigued.2 ) ustrates som
materials with-trespeadftadBioittlyeir 1 ong
. CN :
. . R
: RJ@R : R_A_CN
N N : R Y R : j@[
R R R
Q\WQ | | 5 CN
N N . N N : |
: - - : N
U4 L 0D g0 e
. 5CzCN(5CzBN) 5CzTBN 4CzIPN
DDCzTrz . .
(52 h) : (176 h) (770 h) : (1380 h)
.

Long-term Stability

Fi gur®he influence of TADF emitt erDDCzsltrabielxihtiy il
the shotrteéeemtstabiglity compared to ot heac cepnpmwrund
attached to the donors (carbazol ey amdhdbnvid nn chr e a:
the same donor, the 5bHCzCN(BmMCaTRN) | exhi Bilt7é&d hl o
5CzCN(5CzTBN) , 5CzTBN showed a higher value in 1
i ncreased. The | ast compoung e4@zIsRMbi exhiybioff ed (
increasing the acceptords strengt h.
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1. o4 uPioomessabl e TADF Materi al Desi gt

1. STADE smoallelcul es

Among the severalpmadessad sOfBDs ,va<dmawe TADF
mol ecul ar weight b&oBvéObOecdalvednsher greaspst
producti on. Solubl e TADF small mol ecul es <ca
ool ution processing, which is a totally re
reasons given abovemalTlhemodl eevceuloepsmemii u DADER

proceaslssiongrequires considering numerous ot het

i s essenti al for triplet harvesting to att
manufacturirng,l tmuest matned ti ally possess suff
i b hceo mmoonrlgyani ¢ sol vent. An additional I mport

t he devices ar e capapt eceosfs ¢ dtaitfliilesmmmigbi d s s @
mor phol ogi cal consistency and stability acro
current of electricity. Further more, for t he
Sshould be achi evedmaade tdfe gralnl faldImg c wih@ <shi A

device configuration, it is highly advised
charges in a balanced manner. So far, onl vy
mol ecul es that accompl i shmeetf ftelce s ev é° &smpallidrt 6 men

mo | e c ul edCzIPNYseefiguaesl.13) is a commonly utilised as a green TADF emitter
due to its high PLQYand unique TADF properties. It is extensively employed in vaeuum
deposited OLED$.Adachi and his colleagues achieved a significant improvement in the
stability and efficiency of solutieprocessed OLEDs by utilising a high molecular weight
carbazolebased host material with a high Tg. The OLEDSs, based on 4CzIPN, demonstrated an
impres$ve EQEof 12% and exhibited enhanced stability even at high brightness 1#&els.

1. 3Déndr i mMeArDsaaser i al s.

Generally speaking, dendrimers have a conf i
essenti al properties together with a shell t
tuni nd®2Ufnhiet sggi ven configuration empowers the
the small mol ecul es. More ©precisely, dendr |
behavior; they are very stable, and they cat



steady. Mor eover, condensed dendri mers have
cumul ati ve; they have unreserved dendritic
reproducibility can be reali sed cwlt hc odnefnidgruirm
property which can be modified through c¢hemi

Extensive research has been carried out on
OLEDs. Creating TADF dendrimers typically &en
that represents a standard TADpPpropeomopgior ¢ T
character , .€hoel ofuorr nPeLrQYcsompr i ses HOMO di strib
the electron donor wunit whereas the LUMO di ¢
uni t . The exterior branshebebetiase Bbeyx hmakp
soluble and easily processed: they can al so
two main types of TADF dendrimers thaoreiffe
connection: TADFt diemdbomer sobpbagagatedndi nke
il 1l usthrn@glugtsdin

a) b) A
Conjugated & ] Nonc‘onjugated

Linkage | \ o~ Linkage

"W, \./

/ [ &
Donor ( Dendron
Dendron PN 2 ” Shell

\ 1\

s /N

» 3

|
| ACECptOI‘ AR \ TADF
ore Core

Fi glulrag8onfi gurational structure of TAIDF tddkRringdrti ynee

TADF dendrimer, the acceptor (acting as a core)
the conjugétbédnioinchbhaeij ssigdthed hliisn kaygoees o f TADF de
connected to theodpugasetdhlkobogbéreosuch as alipha

1. 3. BARBelndri mers Featuring Conjugated

TADF dendri mers featuring conjugat-adckphhage
unibtes ng positioned at t he c crl e,cdavioond serueat ihtes d
connectedvicao ntjhueg accerde | i nkages. As a result
|l ow cost of the carbazole (Cbz), which al so

dendri mer category is frequébengroynthasedeo

O M



derivatives, cacposmuplaarrabé r utcot ur es, possess t h
interactions and decrease concentration quen
struldBl®uet her more, due to t(hreamgihng hb étrwepdnet
3 €eV)Cbz dendanaodsubbwsittititau® ifounnsct i on as host S
emi ssiMé Thdirse. t he ability to create EL devi
The formation of dendrons can be (rcigwtlrait ewt ib
t hdkconor 6s units throughwhhehsénabltes dbtelsé f att
TADF character through an efficient coverl ap
(el ecatcrcoerpshdr X he Cbz deedddf besentElIxyp,re€kBz denc
possibly gradientpeHOM® elreaV elr ewiitomst Heor mi ng
el ect’r #iPyuridepi cts an example of a TADF dend

and acceptor core with respect to its config

| R=triCbz;

Fi gur®he mol ecul ar configurationbi okBif@ab&cdepdoi
(Triphenyltriazine) acted as a core is connectec
l inkages, the selectivity of R groups in both p
terms of donor strengt h.

1. 3. BARB&ndri mers FE€ahpugagedlobi nkages

Whil e TADF dendrimers with cowupongagadedi hka

share thehsedrmhe comrfa gur ati on, they are disti

OH



chains t hat sleppooin fclwieknca®tnieairg at e d l i nkage

dendri mers -demjtwgdtnegd nloinnksadeadi pbopsgesn mwmomen

solvenm®reowmhnabil ity i nantdaems d & n dmoirtpiho | o ¢
effectively impedes intermolecular interacti
cosbel-tonpongated | inkages, peripher al uni ts

archi t®@%tftourcd.ari fy, TADF dendrimers featurinecg
structure determined by the core, whereas t
cosbelsl )to isolate the |inkages. Thus, addit
and host ability) can be performed by the ex
is effectiFebur pbkbestvatdtes TADFe xa&mdIté menfona

conj ulgiankalges i ncluding core and shell s.

Fi gl 6T he mol ecul ar configurati o-nsenjoudl afkeldiesden
I ntroduciwog) ugatrean!| i nker in the TADF dendri mer
solubility and prevents the internal i nteractio
properties of termimgplorde mpdropres t(ye.agm.d ddloasrt g enotbri ¢
propertiesumbkiomdaiondd ng the zone's position whe
crecaher ge rnirtansfer u

1. 3TADB Pol ymer s

Dendri mer -badegolTpMDErdevices have garnered s

straightfopwacdssetutabnicati ohtAadedmopsit mias é

00



of the concept of OLED with i mproved ismol ubi |
their work on t herpereesrssdtdi idmi ghfc ys oOlWWEDsO nbase
TADF smal I°%mo Itehceu |fersamewor k of TADF eenndirtitteirc

mol ecul es have been the subject of extensi

reproducibility, as well as the widely recog
the utilisation of polymergiehdseabstansuah
due to their exceptional morphol ogical stabi
enabling the generation of af f ourtdalblsee asnod u

procelgsittifgh.éf’% are numerous molecul ar design
generate TADF polymers, capitalising on the
of a vast array oflf)lhcAimoonngasit umlaetsbea (sster d@aA DeFggi
pol ymer s-c maamidn sTARBF polymers are considered
TADF pol ynmehrasi.n MaADWF pol ymers have a structur
arranged alternately along theep@leyYmaen anlol
through conjugated |inkages. -chrmainhd&d A®dtFh erol ly:
invol ves the grafting of TADF monboenownljeisy aitretdo

l inkages.



: Type 1: Acceptor-core / donor-shell TADF dendrimer

iy
(N "
. .,

Type 3: Backbone-donor/Pendant-
: acceptor TADF polymer

D)D)

| Type 4: Side chain TADF polymer Type 5: Self-emission TADF polymer

B-B--B-B-6- - —®-B-B-B-B3

T T T (2 2 >
O-D-D-D-DD oy

: @ @ Q @ Acceptor Moiety Backbone Moiety

S TADF Mojety @ Donor Moiety @ Pendant Moiety

T TADF Moiety

Fi gurdesign strategi ®Gatefond A TADDdendpnmet whenethe.central

core serves ashe acceptor and the dendrons on the periphery act as the donor. Category 2:
TADF polymer with a fully alternating arrangement of donor and acceptor connections (the top); TADF
units separated by backbone spacer units (bottom). Categdrgnors are selected to thee main
backbone, while acceptors are attached as a side chain. The letters B, D, P, and A represent the terms
backbone, donor, pendant, and acceptor, respectively. Category 4 involves the incorporation of TADF
components into the backbone sture as pendant groups (the top ), where the donor and acceptor
moieties are molecularly separated yet spatially adjacent to each other (bottom). Category 5: The TADF
effect is observed in the entire polymer insteathefmonomer.

1. 3. Maigdnhlai n TADF Pol ymer s

TADF polymers with main chains are commonly
acceptor units in consideration. The TADF po
through tdEes ramaarlr@awge recombination zone.

enhanced through the regulation of acceptor

chain is typically the TADF active part, whi

op



units and other components of the TADF main

anotlhretmemomaADF i s a novel approach fotrodu
producing TADF active uni t-csonjhu attgkhd ii madii A DeFc t

polymers throughoft ha&ccpeopltyomer asdit'Memar c mom

produced the-emdaitn i mlgaipmollyimghts t hropdtlk

nty h e mi |

(5%) as an electron donor unit, triphenyltri

a ncooonj ugated host with a high triplet
as depicgeédeiThel role of triazine 1is

ener g\

t o con

combination talkdarmpleadce aamrsd ech @ad gac e rMeiasn whe

for distri buittitnegr sa|wi-eanfii mit hit eh eéBpyo Igntermenrs.

of s ol

processdoged nObEDs were manufacserweidngwi a& I
emi ssive | ayer. These OLEEs( |deissép.l &afgemod aa nn ar
adequate PLQY value. P dlhyamerk & avtiadl ii{yehai cnc etpht e ir

backbone ar e knownhaaisn cToA] Fu gpaotl eydmemmasi.n Thi s d.

to substanti al overl ap between acceptors an
polymers to |l ose their TADRK fadnadt Uresl t ma&i p

alter natwintgh DTADF capabilities.

oo U s

CgHy; CgHy, CioHys

Donor Unit (5%) Acceptor Unit (50%) Backbone Unit (45%)

..............................

M —

Host CT emitter Host

Figbr& I-mareamer' structure of !?2hAlsKtraegy)themADFs ' mai
polymer structure is composed of different ratios of donor (5%), acceptor (50%), and backbone unit

(45%). All components are attached alternately within the main polymer backbbne. h o st

compr i

of acceptor and backbone units whil e (tahe eCTh ae milt

arr anged



1.

T

h e

3.

di.B&0A2i n TADF pol ymer s

str atcehgaginngif n esse rdiem@ mo st effective appro

pol ythtélrhsee. composition of these polymers mos

functiwhtthi SBAOF mol ecul es, whi ch paorley neetrt. a cThhee

T

ADF

characteristics, i nj ecti onproofp ecrhta regse afre

determined by the constituents of these poly

chainschhnnspdéeymers, the key difference |ie

si de

si de

mai n

nch
f t
ond

ucec

chain andomg aulgleadoest taa see dd@ nwi pol ymer s. H
chain does nodharnafdtueernicset itchse oefl etchhe oma
chain type TADF, the synthesis of sizab
all enged, and they provide significant p
he iTAkDeRd mol ecul e i nto the bawekcbhhoennei coafl t
ing in TADFupohywmede ftthat nreseltyuctures. |
¢gysfuitli |-dhsaeidn pDAIEMMBTr saccounpgol gfmen hdiarc k b c

tab?ititiys possible to createt  TADRomP@hegmeaonte

ol vy
ot e
ngi
ffi
n d
i de

mer' s side chaiapptHaopdle meard i ngern hdke MAMDSt
ntial for effectively uti%% i A% gi’RRnxev atait Vv
neering approaphodesserdeaTAMR poollyumd rosn

ciency wasbyprZehsoeun teetd ailn. 2TChi%S approach i
synthesising TADF copolymers, which inte

chain. Further mobrael,ance ad rtuhcet uproel ycraenr 'r:

f bBonhugatednjandgan®dEGROi tet naphemgddSivel y.
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Fi gur®ynt hesis of TADF copol ymer '2dina tshiidse scthraaitne |
pol ymer main chain isacoepbsesed whi betthhe oNRADF awnr
pol ymer main chaincasjagatdd chnkewi @abi pobatic
effective for maintaining the properties of the
TADF functionalities.

1.T44he Required Criteria for Host Mater

A number of issues, including concentration
TADF emitters tot hemicdtsi eothh ipneso.r | Gonsnequent | vy
photophysical properties and the efficiency
emitters with host materials at?Hdamciemlteatat i
staeanergy isrogceatf rfedogrehiorbeemenatt €r i atsate ofvnt t
host materi al shoul d i dealdtyatpeo scsfe stsh eni QARH

effectively inhibit the occurrence of Dexter
material. This transfer of tripl eti nexOdiEtDesd s
based on TADF emitters. Additionally, it i s

bet ween HOMO Oamd tthe bhWwMt and emitter mater.i
I f the host and emitter have significantly
direct charge trapping or an urdeenshi arnacbel et hee
performance of the emissive | ayer, it is cri
(HOMO andatbteM@Eyecisely aligned so that t he

transfer can effici eenmiltatnedrcshbost benbveenatbe T

oy



Il n addition to the two critical aspects del.
be possessed b¢$? tstu chhd sats ntahteerrm aaldatsidripdy tnhoerspeh o
can prceysh@l |l i sattihoen fanldm sntoarbpihloilsoegy . Furt he
should be highly stable materials; this is n
energies (BDEs) of individual bonds in a mol
anionic,alandTonefuutrrt her reduce the i mpact of
interactions which cause the emission peak
advised to sel ects uhldN, tasdjraolyl3 5bemzene@C)*ar i t vy

More factors can affect sighti FBluarmek tagndiheg | ¢
t heconjugation, which rediucers) ughenidora gpd eed fern
benzene < phtieprhpehneynly | < r especti veliyglectrheeasedi |
Fur t h ethiemniplet energy decreases in fused ring systems such as naphthalene compared

to biphenyl, which has a higher triplet energy due to its larger conjugated system.

|t has been found t hadgt rsutcrtounrgelsy dtewirsetaesde ntool
increases the -strnkhgte, | aselcbmmebhgd, t oespd
| esenj ugation and is better for achieving hi
conjugated host molecules negatively affect
of tdeafle to rsBkieftandf thleosmglorescence spect
possi blme afsaurrcefrfie@ t sol uti on t o be highdrhet han
degr ofi ntt ee 83t i ons.

The availability fodr FHID&det theorse mamairnsal i n
necessitate triplet energies over 3.0 eV to
t hi ophene, and benzofuran are frequently e
devel opment of hatts apecefmmi taklymdesrgned f
This preference is attributed to their high

DPEPO has a strong preferemeetdera losthgmdtoe
high triplet eW:tDRBFPQ'esveilnsotfab3d.ldty results
subject to signoffhminah eifd i cegmnetyftiagniinie pk .edC
bel,ow | baddi tait @n al examples of conventional

prospective charte 't ah’port properties.
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gﬁg &3

SICZ mCP mCBP
T: 3.0 eV Ti:2.9eV T: 2.8 eV
(b)
N O P:0 O: P
s
O SR
T2T DPEPO
T:2.8 eV T:3.0 eV

© A; & LNJ

PYD2 TRZ2 PYD2
T;:2.8eV T;:2.8eV Ti:2.9 eV

Figuz®i fferent TADF host materi al s; (-ay peHo,st (
Host with electron tympespantd ¢tbpr Ambepobarchoéhn
properties (e.g. charge transporting ability, high triplet energy)

1. Bh8elemwmCiar baamdPeEPEOs OMHBBMat er i al s

1. £axrxrbazole (Cbz)

Cbz is characterised by a rigid fused ring.

component of Chowhhglms2IOlddtgwrmer s, dendri mer

as some fot mavd @hozsttasnas eri als in the wide a
deviltles&bz has been idpetféeoterdanhaperat eneairn
appl i ¢%Atsi camns .organi c material, Cbz has funda
fact that the nitrogen atom is easier to fun



is, therefore, possible to make alterations
positions. This is iIimportant to retain the &
the observedstabil ity !dbszpideentdrdwerriseey et u
and found to-thawsepdi tgihn Yhopadstfiddshtmnc eemi ssi o
mat et®%anteé. hi-ghamheperting performance, tripl

make up for a robust crd%sliI'®Phking in the bac

H
D
Figuz®hemical st r u cFeaturing a loféranspartiny mateoidl with high triplet
energy(2.8' 3 eV), thermal stability, and commercial affordability

1. DPEPO

DPEPO has been extensively utibhis@erDdds 123 ho:
owing to its high triplet energy of approxi
transporting | ayer. The structure of DPEPO p
P=0O0 bondO-&dwowtddt hd8hese bonds exwabsbrbiograandseil
donating properties, respectively. The intro
di vi si on of DPEPO, |l eading to a distortion
di storti on rciosnettTigd ib.&’f eTdPét ce tdontartdmg ef fect of
i s notewort hy, - withdrawihgge ftfheec te liesctexmi bi ted by t

result, the electron cloud density of the fo
a significantly | ower value in comparison toc
atom. As @aecobBERQe®n el ectron injection capa
structure, which further I ndrreoaadsasert ol ercarl ¢
DPEPO, therefore, addresses the criteamsia fo
demonstrated its efficacy as a preferable ho
of tByTpe host materials often | eads to decreas

over 1%%8me .



FiguxZhemi cal st r ultdstcommenlyaded ad &R Material for blue OLEDs due
to its high triplet energy (3 eV), thermal stability, aaffiordability commercially. Additionally, it
functions as an electramansporting material.

1. tby per branched Pol ymer s

1. 8rief History

Undesired side reactions and the complicati
proceidrurteltse prepar atrieoms oonfe avwhd eveene el sothtsd i e
been done to produce branched polymers with:i
has come out of these investigations is fracg
points. I n 1952 highl y hlersamsehle dyp d&llyomer sa swenr
synthetic class that wouldemakeoasislgyhe heFThs
involved polycofAdeorsat mamadodmuwud)itnglle B funct
(branchiing ansitsgyl e monomer. The reaction 1is
|l east one B functional gnoonwpmefrEdm ®s @ffhem mb
suggested synt hetic t heory dtthhaet fKirnst anfdung
hyperbranchéd pol ymer .

The architecture of repeating units A,B func
final propertiaefs hyyme rabprpalnicchacttf Tpesl ey mar s ¢ ¢\Be
advanitmgtelse prHBPas at he®y o©d uIndp obte pntabdeeg siBne gau ior
as short timeucdch syndlhesadigh doet pxach anAzBoi c

monomemrm )addhéyoare Imawer wprn dduwbaveninmalogrn e ntan

synthetic advantages. I n contrast, the synt
mu ksttieps synthesi s, i nvol ving proteAnotwomer de
advantage is that the HBPs possess some phy:
| evel c¢compar édBPshave large mtérnal spaees within their molecular structure;

these increase their ability to encapsulate guest molecules within their cavities, making them

nH



valuable carriers. Furthermore, HBPs have a low viscosity, which is advantageous in terms of
processing simplicity and flow characteristics. Moreover, the branching structure of these
materials results in rich surfaces with functional groups, allowintheomodification of these

groups' functionality®® HBPs can also be obtained at a low cost with a high scale of
production.Due to the previous unique features of HBPs, these matérialss e t her ef or e
suggested as competent and®%herade snieitch oad otleor gnia
applied to the synthesis of-coHhBdPesn sait i lont loé
polymerisation in the AB* monomer. The secol
ABand #IBmoAonveaassgreqpowt h. The third synthetic
by pol ymemrBsnom@ meatseomtanmtnpeintfiyggt®?

1. HHyper branched Polymers (HBPs) as OL

HBPs are generally knoswsnmchuomasgsa®e mesbecubar gt
branching coupled with a | ower intrinsic vi
solubility that <comes with their added proc
l umi nescence. The HBRY saiepn i ablvowrwst3udf e atbH e
strucé¢& uSlBe of the previous dmallpenlegpmer sclehi |
are mitigated by the high Dbranching of t he

undesirable and significant i ntermol ecul ar
stability is also improveld  bHBRdesarn her ewm
crystallisation and i mprove the efficiency s

i mprove the mor phdt°TH'& sc wfvearmiecendé ni it hmes.s)
of HBPs 't ypsipcoatl Isyy nbtyh eassnnes has attracsedl @eonsi

producti on.
1.Pir oposed strategies for preparing th

1. Mhke proposed met hdBBsfosi sgnud-liegli si
functional monomer s

Numerous methods have beenBPsmplwhieadh foan the
classified into two categoriessimmpded mem tame
dou-mbeomer approaches.sTthgep omttihl ipsod tyicoom doefn staht
and 4iBametAhodol ogy in the preparation and des
wi dely éniphleosyeedwi | | i hbet beplfaiheding sections

sttuces and properties.



1. 7S1ir at egyasofmgu i mgno mer .

This method employs onl y(m@2) ,vawdichgABHe mom
commonly used monomer. The reaction thw®t ween
groups fsrmoogleecul e generates one branch withi
1. &1l bw. Al though t her e (the pointatavhigh a pofymeb betomasy o f
solid and unsoluble, signifying the occurrenéecrosslinking)!’avi t h  t hi s t ech
monomertsy pnusal |y be pgf®€Ppared in advance.

Polymerisation T
' I

AB, D

SchelmBPr oposed s:ploé me omfd e B aThe hgperbranphpoblyonardype

AB2 consists of three types of units: dendritic units (D), linear units (L), and terminal units (T). The
number of unreacted B groups on the structural units determines these units. The initial units () are
considered insignificarit’®

1. 7S1iradt egyt wiofo nwsiemn g

The most commonly empl oyedfAmaniBsmer Bwad nd itshtiisn

functional groups, designatded f ase®t amadl & ul:
facilitating the production and storage of m
of monomer s, the final group shatwil ad dan hlaé t

cappmnoldgcul es shoul d rbeacihnitnrgo dtulcee dg elrd toiro nt op
typical route by!'’%h1%ohl héenl tast isounc ho cacsu rlsMF an d

required in this polymerisation.
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Polymerisation
e s w )
Az B2 \_ A/l_'.
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Ay Aq By By B,

SchelB®r oposed

scBhhpmey od n de n s aThe structural pnits 0b gereral.

hyperbranched polymers are classified based on the number of unreacted groups. These ynits are A
A1, By, By, and B. The A units, Aand A, and the B units, £ B1, and B, are formed from the 2and

Bs monomers, respectively®

1. BuZuki-C€@Qupbksng i n t

h e

This particular polymerisation
bond f oS reetimedBepi cts t he

coupling of aryl hali des with
presence of a selective baG®,

( NaOH) .

preparation o0

met hod-Chas at

proceducat alnysédi apgoc

organoboronic

09 u csho da u mp dhty a:



R,0_ Pd®/ Ligands
_B—Ar + X—Ar' ? Ar—Ar'
Base

Ar and Ar' = Aryl

Ar = Organoboronic acid or ester
Ar' = Organohalide

R, = Alkyl, H

X=Cl,Br,1

SchelB&ynt heti c condi tcioumpd | ofgR baegaacrkti sooamd scondi t
Sat . NARHECO L OAR@Y JXKQ R4 Refl ux.

Toaccelerate transmetall ation and enhance th

requires the activation of the boron atom. T

conditions, and the necessary meragieallt si rades
Furthermore, organoboron compounds possess ¢
to water and oxygen reactivity, and the abi

gr ot’'P&t.hi s metmpod ses four synthetilcBetatgart,

the processlflianoairdybht hakli geaddedtgenehat pahl
pall adi umIJi(Jil IThe ompdrexxyl group ftromenpltdee btalse
halide group in the complex, resultim@iin th
Il n the subsequent stepiiM $ ntpe one dicdthaed ymarlgllaacc
pall adi um ( ldr)g acnoonbpd reexs itwa rtahc Tdeonr y | group o

acid or ester becomes more nucleophilic as a
the transmetall ation process via a base rea
mor e faci lliatsat esd.aglen tthhes i [0 esr meeddivactte vped lyl aec

to generate the degsiTlha galulpddingmpr@)Xucat al y

catalytic cycle with di fcfoemrpeorutn dasriyotf h anltied eess t



0
Pa® =X

Ar—Ar'

Red. Elim Oxid. Add
Ar's . ax
a jv ii JPpd
A(r’l)}l oAr Kx‘w
NaOH
HOQBI(-)gi-I Transmetalation NaX
|
@ ORI

ii

Ar'—pd

Sc hel#& he

proposed mechzmwiupini ogThis meahakismamwsds s

the production of the target product through a series of synthetic steps, as follows: (i) Generating the
palladium (1) complex through the oxidative addition of aryl halide to the palladium (0) catalyst. (ii)
the formationofama r yl pal l adium (I 1) complex by
hydroxyl group. (iii) In the transmetallation step, the aryl palladium (ll) complex reacts with
organoboronic adi or ester to generate the intermediate palladium (). (iv) In the last step, the
intermediate palladium (11) is reductively eliminated to obtain the desired coupling product (v).

replacing



1.Project Objectives

Theéevel oopfmelnitghti ng technol ogy has |l ed to si
Il i festyl es, and there is a gl obal shiétgt owa
decreased hazardous substances such as mercury and limited greenhouse gas).emissions

Manufacturing OLED devices requires the use
compared to fluorescent tubes, resulting in
Sever al provider s, i ncluding Samsuwuncd ,ud8&dny,
t ec hnotl logiyr ilni ghting display products. OLED i
| aptop screens, television displays,(angl. mob

long lifetimeand easily to beecycled, OL ED s provi de ed apt abbriilgihtt

flexibility, high quality pes foeamemfnictes.and | e
OLEDs have the potential to-praemmwed! wtcirereinse atnhd
el ectronic devices taking into account all 0
superior quality, it i's limpavaiahablte dapmpr oalc
manufacture. I n addition, it is critical to
triplet excitons can be harvested and con

achihewddE. Amongst tlse otf hrOlLeEDge ndrheet iloant est ¢
based on the properties of TADF, magked uictedpo:
in OLED devices by means of ther mal energy.
singl et l evel s through the pwalcweessc eoff HROEC.

efficiently achieved.

The aim of this project is t(Mome epuwuirtealalna fder
processing rather htylpenr bvanwcihmdd ewd yimteiresn )Jusi I
high triplet energy such as carbazole and DF
efficient hyperbranched polymers into OLED
Hy per b rpaon cyhmreedrcsa rwhbec hsod dit u oinn @ r o caerse irnegq U ierceh
f or sreevaesroanls , including the abiligwestbd datveb
and i ndreead doff dmdtidriitggl s and dceeormneeersc iianl ogrdoe
Theesgance of branches results in spatial ocC
chromophores within the TADF, hence | imiting
hyperbranched polymers have bpemabbte®iiEDel
material s.



I n chaphMBprproach of polycondensation is to b
target hyperbranched pol yanse rnsg.l e T hndosndo mpip e 0 a
polymerisation can be carried out through o
Carbazole as ahbd®en @msat airm@diopmerraHBhés as it

possesses high triplet energy, ctdsorfdiadd e
commer ¢inalclhyp.pBApol gcondensation tap poreo aacphp liise c
prepare the target hyperbranched polymers us
been widely applied to synthesis a significa
due to thea pgesdber®w a@fnid functionalised monc«
conjugated al i phat)i ci sc htao nbse oufs enmib s onmat nhceg Bpt ohl e
solubility of the t aarsgewelhlyg piest btcchnohed pohy
Suzuki coupling polycondensada oseriisest oofbeT
hyperbranched apalawimelps eBnde chain strategy
conjugat edongnudg an @ ml mol ecul es of pol ymer 6s

moi etie®esdeaesacn@asi t o be wutilised to design the

pol ymehspandadhalpter 5

tr@ mhanice the chargeftt des kidBrPibsarbd 6 mo b i
incorporated aspal hmet 6mabackbhbnen Ghefting
TRZ) into the side chain of the polymer és bz
functionalities such as I mproving pol ymer s
properties sofbatchkeb opnoel,y mmehriac h wor ks aglmost ali
chaptebPBPO units are to be incorporated in
el ectrons transport characteristics and reac
prsencaenomfonj ugat ed br aln,ca,eqdsled ®auxcyt huer xey Lo)fo x y ) &
Moreover, the incorporation of Dbirkaenrcenfeidc isalr u
reduce the conjugation along the polymeric

designed pol ymer s.

n o



Chapt8ynthe®Propamfd ;RBper branched
Pol ymers Based on Car bakmwplei Datrii o



Abstract

Progr ®¢ £§ D s eiasr csld g dtilor eidmpr ove both the costs
t heir e fafrii miuesncsyy.nt\heti ct m@pppoapmuerad libyarsaerddg aonr
mol ecauleesund eArmmwanygst t he applied approaches,
attention due to thedr mamsigorealf edBipalnyermsercdTure
i mprovdd | tmhenor phol oigtyh e rimmaclr esaisdelsp ttolhvel @ ss t he
goeadl uti on @mmaows ¢ awltibsh yeyhhoauncde devi ce ef fic
chapt ¢éiBpoltwmer s weitehed@psBh gyom@dh based &0 CBZ
anflaver e synthesised in the absence and pres
were obtained in | ow yi enedisgwafsid| gadihs pé ¢ 2idt y
*PDIlof 2.6 am@dn@2rEspectively. Additionally, t

exhibited | ow solubility i n ¢ omdmocnh |soorlovbeenntzse
The ther mal degradations were also deter min
stabilitidespr dmer toip& §a bsshoorvbeedd tlhhagtht at a | on

solid state (tHiln tcfroiddnd)u dcea nop atrhebde etpof es e no & o
el ewt t bdr awgrnogurpnit heo cor e aof CiomeFkrdBewgky memng

emi ssion in the thin film mamobecdl| 425af§gnmgaa
polymeri ®elThai hanofyape tarcdl a¥%ed8nd®@8 ber

P2 The | owerPWwasdagapciodted with the increa
pol ymeric backbone, enhancing the conjugatec
el ectrochemical I NfvleBbowgdt aoshakblvedb OVEHBONOt |

attributed to the increase PoMhitshieo vaecdtegreim at i
HOMO | e-5eb8o0f



2. llntroducti on

Organi-emiltitgihtrg di odes ( OLEDs) have garnered
consi eorteeite al -d olro upraefeliatdi slpsaps edh’d dmol nd
contrast to tmelmapbei bygahi smambeuvuaml $ he hms
deposition for device construction, pol ymer s
si mpl e s ol u(tsingpansolutian ¢pblymerg and solvents) directly on the surface is

more controlled than vacuum deposition. In addition, the full amount of solution can be
exploited on the surface compared to vacuum deposition, which could lose somé daf it),

proviediercg r ontumiAk®8eupri mmessed wmiymengl dglot
(PLEDs) have gained significant Il nterest wi
notable attributes, includfhgcfiaveupanbtesshe
and thei pbteoal ¢ amgses HmQufacturing

The most often researched c odnijnuegnastieodn aplo | (ylnDe)l
archi t®¥ctwWheescomparedtthe -Hihmeesi popaymeBD) ar
of elhectrol uminescent hyperbranched pol ymers
branching patterns, | ower intrinsic viscosit
stable luminescent spectrum,®&FdPrttthe raroirlei, t
materials are attractive because their high
el iminates significant interactions (lneet ween
the branching increases, the surface volumes among the branches will also increase; therefore,
the possibility of internal cyclisation between molecules rarely occursland i n cer
casiemproves emissi on s éfb(indreasing theybraachinh leads ® B ma |
proportional increase in therminal groups, which are responsible for light tuning, thereby
enhancing the light efficiency. In addition, increasing the branching leads to a high molecular
weight, which contributes to high thermal stabilty)®: T*& ut i |l i sati on of
shown to enhance the morphol ogi cal characte
(crystalline structures may exhibit imperfect alignment with the substrate structure.
Furthermorecgrystalline OLEDs have a high degree of sensitivity to changes in temperature.
Moreover, the cost of producing crystalline OLEDs is higher compared to amorphous QLEDS)
hence | eading to improved 8% dbii®laddi tamd, eftf

pol ymers have garnered significant attenti on



of t en achievemplot bysymt hesies nteht enioedrsgrea e aab |

manuf acndusngi al |l y.

In 2019, a series of hyperbrané&%edimelBrmer A
pol ymerisation appghgoaauabuphroggheacBumonokas il
2. 1. Il n tdi hsyinhthelsesyl cycl op etnh eandd neonnee rwa s
whi lpdhehyl ceerntbazpdlesmy| et weme aBsnkodf damgeorrevyn e i ng
HB pol 2reen3 espectively. HBpoOI| yymmbBi®hn esd ginhifeeaa
enhancement i n photoluminescencéeé agesnht umclydu
sol uanthnnn film solid state. Additionally, t
properti etshriddemmodg8pohegdeHEspoltyhBge rlie(monstr at ed
hi ghest electroluminescent (EL) pelr-8BosMmAlnce
carbazol mMCpPbe ntzkenehost material, achieving a
of up to 6. 36 %.

“TE
1

} ~
_ &Z\\

Branch (2) Branch (3)

HB polymer (1)

HB polymer (2)

Schembesi gn of Th#t e&Bp plB & aechasi naterial in HB polymers 1 was-2,7
dimethyt9-phenyl9H-carbazole, which connected to the coréel4%(2,2-dihexyt4,5
diphenylcyclopents,5-dienel,3-diyl)bis(methylbenzene) via a conjugated linker. While HB
polymers 2 and 3 used 9ghexyl2,7-dimethyl9H-fluorene and 4,42,2-diphenylethend,1-
diyl)bis(methylbenzene) as host materials, respelgti Introducing the aliphatic chains in the HB
polymers generally assists and increases the solubility.

p o



2 Resul DS s@zmud si ons

I n this chapter, a sequence of reactions has
prepare the rPelgndd edo piodlnydoels sBar bazol e rings
brominated, ob)awhindp wemedudhtn met hoxyl ated

produce( prdttectmi trogen atom fuowmtt wedbias édz
me t hcoaxryb o ny,| aplhleonwil(n3y)o p b @ d(disweremesdc .h edeb 2e Yyent
produwas afforded by hydrolysing the emtter g
on d¢ddrebazole nitrdgeethorm. subbei Bwéret & hem
hydr ott y s&ddf @dbd)c twhi ch was acetoxylated in thi
prodwas monoOmM@as howm the scheme 2.2 bel ow.

Jasa}

\ @) /

WL

0y _OH

.

eae)

(o]
\

H
H H N
N I 1l 1
- e -
Br Br O\ /O
@ )

VI
-

o O, O,
M1 5)

(O]

Sche®dBlonomer i ¢ st &lfKeagehts and/conditioass (I) NBS, Toluene, DMF, RT.
(1) NaOCHs, Cul, DMF, 12C°C. (llll) Me t h- | u @ r o bNam, DMR 10%€,, 72 h. (IV) MeOH,
NaOH, 70°C, 6 h. (V) Pyridinium chloride, 16%C, 1 h. (VI) EtN, CHCOCI, THF, RT.

Mlwas pol ymeBpioslegdcondensation in one single 1
presence of a coPe@éntd@ soebet asicnh etntee 2t.a3r)g.etThe
required polymers has HtHeeNMRi dieontd &li cewl aitnei tti

prot(oonys comparing the integration and the i
polymers 1 and 2 to the acetoxy spectrum in
in the intensity and integration oftbeth p
pol ymerisation, also in P2 imheropdenylmactkt

observed aind texe !l dii ssedssi on fofl | powlegdmdrys t hec tC

pn



t o i nvestigat e t he mol ecul ar wei ght s of k
el ectrochemical properdan ®layssidasge, bl ¢, yRclh vaensd |
vol t ammetpreyct i vel y.

pp



AB2 Polycondensation

P1 (No core incoporated)

P2 = Core OZNOO%
(0]

AcO 0%y Qr N M o0ac O
O 0 9 0g© o N Q OAc
y @f G °§©

) 0
N‘O_%
5ot R
I‘No:‘ Core Incoporation
0? s
? T,
AcO 00 a . ¢
N@"g d Ob o 0?)/© O&QOAC
AcO N o
0.0 0 OAc

2
) A0 )N Ob éo
AcO g ¥ oac
- © Aeo NOAc
?
P2 A°00Ac

Sche®d€Ehe
t he
as a

absenrce.
cor e.

p r o paopsperdo &AdBh Ptaonfglr re ppaaley me r
oWhial e pol ymer 2 was
Di phenyl et her was wused

1,

as

a

M1 was coO

crointprod pyhneerryi |s eadc

sol vent



2. BSyht lod s iMD n\blme r

INI NB S/Toluene

raw material

Sche#®h8ynt heti c condi tReagerds amdfconditions;{IoNB8, doluenk,)DMF,
room temperature.

The prepar atWimvofl vreadn amerru mber of sltte psst a(rotust
wi tohmpoumnwhifwéhsy prepar eab yamdcertdicng otud e sugges
et!%RIBS was wused i n t hii mggreBMEMaiso nu sasd odh skerad mi 1
wi toH uenght affects the reaction dynamics an
decompositiowhdbthacaugsesNBS|I oss obBubstetutv
position on t$he, ctarebarzeodet iramgwaes daa tmieeand | 0
el ectrophilic aromaakesaseaiehoathiudé ohomeaohi OE
the carbazole rings at the 3,6 position and

from the car ba3oeodieb rrcmanmagp atdapsl peowvm useheme 2. 5.

Intermediate

M

-
Br 1) Br Br

-

O

Sche2tdhe proposed mechandasrnb afzoorl ec omapso uunsde d( 1a)s. a
which was brominated inBbhomosposi nimnse3 (&AB&) 6a
agent with respect to other r-dabtobmpceaeobdizbl ens

PT



There were no i mpurities from the product
char sdtivwirtdh NMRENMR Mass m&pargd rBl ement al Anal
charsdtiofH NMR di spl ayed a broad singlet pea
the nitrogen proton of t he camblagtol wag i ngt i
corresponding to the twvondopfhot hes claobazed ei mi
protomsliwapadlesto olbhstewebdB. 45 ppm, correspondi

carbon protons of the cam8)anrnbded)2i ngs fiingd he

i n the .aplpheen dalixe ment al analysis of product (
4. 13, matching afbe4d4al3 s ulldt2z2.dl ¥ alhN e4h 3clon fBrr n
product (1) has been successfully prepared.
N NaOCH; N
Cul/DMF/ 1207C
Br ) Br ~0 @ 0~

Sche®8ynt heti ¢ condi tReagaens araftonditioMa@©Hy @ud DMF2120
°C, overnight.

Synt hecsansp oaufwéas( 2l)one foll owing the proposed syn
l'itelPrd8hereeaction used copper (ddi uino dnmedtelgaaesis dee c a
throwghH eophilic aromatilcn stthiestrietatiiomn necdabi
reaction fr amicbame bmee téhodnxayn cogdt he ewihtelmdii dwiamg ed re
can be found omsttHasaram2tdUmana tiseomaemmeed i ¢ hydr oca
howerveequi re. aTtkad @l ayrsdamat i ¢ hyhirgplk aglbeontsicChimp vdeairss ir
hali des have been identified as si-gatiifvatasend aradm
hydrocarbons. This <catalyst -di §raasrebda zion et e dr & a

met hoxi de with DMF as itdhee issol prreenpgar eSdo dfi ruaorm meh eh o

sodium met al in an inefMheg@odsarandul ae bathl goandi
monovalent copper ion present in the copper iodi
oxi dionatof the monovalent copper ions to a dival e

The purity of the pr odHi cNMR 2s)p enatsrsac 9gréd r me e
It was observed a broad singHetaaat7183597 pp o
ppm was noticed a singlet, doublet and doubl

the carbazole rings. The newssubsedt bgntobme

py



highly intense(seeagfliegurade 8. ZnBaapsptnheeaatpspae malti r
confirmed the success22d®f. it.he product (2) by

Na + 2CH3OH —_— ZCH3ONa + H2
NaOCH; + Cul ——» Cu(OCH;)+ I

~~OCH,

Br}
Na ®

Na

H
N NQ
(008 \
= 0-CH; _
Br Br Br
®

NaBr (pre)

H N
Repeat
ma——
-
-0 Q2) 0— Br o0—

Schemé@he proposed mechafmihemmfeo h o® gddijbdriconmo coar) h a z o
was carried out via the nucl eophtidiincetaroxmetaird ag
and sodium bromide as a byproduct (precipitate).

Compouwds(8ynthesised following the mbdified
t hrddrgegthl eophil i c substit ubta.soeT hree dNatHi dvra su sit m @
t hat i n multiple strucdpurrcetso ricadkwadr iavse dthhee r
sol vreertthy Il uér obuenndzeoragtoees an aromatic nucl eop
through replacement oft h3eldeemeé tl 4@ dorayr dea nsoubbes t i t u
provi de tthreoddie®i.rseudbst i t uti on reaction i s 1
withdrawing effect from t heawmetshywli oens todr tfhwen

substituent

p



H
2)

I
0,0

NaH/@

DMF/ 70 OC / 73 h

Sche®8ynt hetic co
f 1 uor o bNamW DMR T0°%€, 72 h.

Charact @illds BMR o aed fti renosft rpu cotdwrcet
wihtems dcsaflft er e hb s e

doubl ets
doubl et
met hyl

shi epgrdeetdons on t
met hyl
1€ NMR

3met hoxyomrolhesc

presbas

ester.Pgra&ksp corr

observed
babsoboatTeheentdeshi el di ng

gd ot ipregli et ( ad e 4f i0durpgp m8.. 3
sppyt revyecsated2p8akand

ndi tReagengs ara conditiogip o -y d 4 3) .

(3) by show
obser vaee dmdrne cdamploil
ath e8 .az2r@Ba metgammcyp eémytrh @goup o
occurred due
he samedohlhsgsileatiedg 67e pwimt. e
i n
51 6n.g1 Or epsppieecrt & pvree
afbmazpotei ramgst Beamdt Byl car

esponddanrghootnot hbe cdrbaerokat ri

obser veeadnf er smt ngtchpehoduof (3) .
0%

];;/\EN? (g/lj

-

NaF +

soluble in
water

|
060

|

‘)N

(0} o

|
(0}
-0 —
-

Sche2@& h e

proposed

mec hamihemsfyomé & 8-¢3s,-abbrine - hd X y

O9Hcar b®yb) bewasabehi eved vi a

cn

nucl eophilic

substi



as a strong base and DMF as a reaction solvent w
menti oned above.

Compounwlas( 4y nohediyded!| ysi s of thdiestrart uge
proced®Thesreaction was per fsos Mgl q u esdoadsi ubma s i c
hydr osxoilduet o lomtmenhhanolrefl ux temperature for

mec hainshlsmMmeangh!| eap hialcikaccoyn tshuebst i tution i n t we

o0 Oy OH
é MeOH/NaOH é
_—
N 70 °C / 6 hrs N
-0 @ [ Y @) 0~

Schemé&ynt hetic condi tReaganss amdfconditiontgigOsl Na@H, 710G, % .
h.

The f icrosnts isshtespnoufcl eophi t he hAgdiobit et egc amipomy |
which resulted in a tetrahediTali silnltoewfentde dbiya tte
el iminmetboxblle @bewapn the tTahrdd e NMRpaauamox y | i
confirsmendt hddei s of a prhoheudisdpgpedbyanmnbseoivin
ester(gaeoufpi gur e 8THehemitdhal aplpiefntdx®r bhe car
ot he carboxylic acid appeared at 171.2 ppm ¢
was o0bsaerohamiadlad 6 .shi fgp m.f
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Sche2ielThe proposed mechaniThem hepdr cloynpiosaindf (dhe
compound (3) was carried out under basic conditi
as a solvent with respect to ot her -(r enichbe tehno xcyo nd
O9Hc ar b%ylo)benzoic acid (compound 4).

Compouwds( Sy nftdlelsalsiicrdgp @ o o & @uhreer e adrief fmacnuyl t i ¢

withe cl| areevmdygebugafs gbherFsi rst it is a challeng
reaction conditions when demethylation i s
required, there are struwhuchl catntheéstf eandathbe
of undesired products. This calls for altern
ar vyl et herms, AbCthi mast BBl si |l yl i odi de, and py
examplewi ®f adci ds. Lewis acids, however, ar e

expensive but atkloorswmlavert ss.he use of
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Schehd&ynt heti c condi tReagens aml EonditiorRypdmiunm ahlorifle; 160
°C,1h.

Pyridine hydrochloride is cheap and does no
avail abl e and heroddr ara egBoetrarcend eavneo e mehehy | at i
hour and a t fmpfeorattume @yr ildiOni um chloride t
beigugenacuabe d-gaitelecertedbhe mi xture usingfethegl é
et hyl aceusitreg sod daitnudro resvual pfoartaet it aarf f tofpedtohdeu csto | v
asawhite solid witihfoiud¢ atainoyn.f uRrtohteorn pturransf er
pyridinium ion when the reacxyoenasnlrtmetamyl
ether. The next step features an attack by t
takesomphacenet hyl group. The result of- the s
met hyl pyri di gi wéneaoh ptgarkigidsetntee met hyl fr om met
scheme 2.13).

After the analysis andi'@mhNMRBRct et i avatsi oorb sefr v
met hoxy peak at 3.96 ppm disappeared. The a
noticed, confirming the new subst-manadermt s of
carbazdqlseerifngure 8Tbeéieemeinh albgyp e vdinxg) t he v
C 71.50, H adndlhteas N dpdldyr gmei ng IhGE. lbatl be

analcysnifs rmed the sproduate(8&8hd purity of
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groups on the positions 3 and 6 of the éCrbazol
using pyridinium chldqrii%iieh y @rHo &y % ynlo)t hbee mzeogiud raecd

Compourfdaopnheyiewas prepared according to the r
by Mil za%félk atcedlyl ati on reaction was carried
THF as a solvent and anineat tmolspmieEnesasTh®elpa D¢
proceyvy®l ves a nucl eophil ot ceabrebaaceke l@odéf y It heh lhgd
to form a ntteetrrrdhdeidictiabllr ewed by depr odatoommthbhyn
triethyllaenavnien gahnbddog ritatiueps ul t i ng i nt habcee t fyd ramatdi

prodawsctshowscheme 2. 15.
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partiall yol holwetcibgm toant col d MeOH to afford t
as whaltleow solids in | ow yields 25% and 28%
with differrradn epmptari viesssolve the crude po
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the NMR spectPlbmabftipel g mme riemd ompoftceotnefa m mi

uni tpo | iylnésree fi)gure 2. 2
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2. Mo3d ecul ao P Weniddht

Gel per meation chromatogr amidyreGPCmat ed kuwalv
mol ecul ar weights of hyperbranched pol ymers
standards i n t(hMAsLeD | mecaosuul rde nbeentussed t o measur
they are estimated t(Thilbe i Beldauve 1 ®O0OheDah)y per
gl obrud tarf eHBRst he GPC, the prepar elddmnshatl ut i on
contains controlled porosity, usually a polymeric porous gel (also called a "stationary phase").

The molecul ar w ePilg ha rsw e oAe2 vpeo | tiyhned eessteii gaa i e d

cy



Permeation Chromat o@rsa@amaedd@Rodh)io lussamapaddder .
The measwe eemeret &£t u40ng polystyrene standard
average mol ecul ar wei ght ( Mw) and the numb
pol ydispersity index (PDI) for the designed
equaRDlon= Mw/ Mn.

Tab2l&ePC d &tlaanRI@ f

Pol ynMn( DMw( D|PDIlYi el Fract

P1 280( 720¢2.|259%Chl or

P2 360( 790(2.]28Y%YChl or

Both pol ynmeelsatsohwenwnsydl ecsy | &Mm weidg vt faocads PAERt h
shown i R1lwheéeé ht28G G316 00 DMav RAGMMI00 Da respect
The PDI was measured for the designed?®°pol yme
reported that the desCBAedangdoliymerdserb asaded v
mol ecul ar wei ght, this is a reason for the
conjugation from being done bRWwW&asr hbi glgzet heha
by 0.4 wbmdhrddwlteed to the PAbesehaeeofesascoo

structure of the polymeric backbone and resu

2. Z.h&er Rrad p e o Pilaensd 2

The t her mal prdepeé gniees PAo fl aymuheer®e | nvwisd i gat
thermogravimetric anal ysiahe@a@lgurrodel)y(.1t0MA |
As can be seermwlanfdorme fa glueadcke 12avB8,t her mal stabi

temperature

Tab22&8 her malPldaaRlZza of

Pol ynTd (
P1 142/
P2 133/

BotthanRiIZt ar t ed |dorsa nmagtwiiwdedd | gidéyi g hit n il t¢ia®l Imyg as a
actual awdeé grhadati on t éGnpeenrdCtlr3s8sp excft Pv@2 y. At
showmddamati c decreatedidn tawmirdnhs tohfe wseaohgeh tde cr

c o



at £76which means that both polymers possess
Car bazasleed dendr i me&fPfsavien sttheewn ihieghadlrdbrvede r ma |
300 . ACWever, the carbazdlossemaomameearisal s ar e
conjugated than those in polymers P1l-Gnd P2

bonds between carbazole units rBhd etrlosvrhmaanl t h

st abilPilatnikleasr e t heref ore easily explained for
100 : — P
] : : — P2
S
s 1
5 50
=
0- - T

1 T
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Fi gR3TeGA anaPyasnidTlhhrHfee degradation stages of bot
degradati on be€Cweehe Osanand O0Obegr ada&Q i amd btehevek a
degradati onlbe&®ween 600

2. Dpiical B P dapnedr2t i e s

Investi gtahtepompc @fperti esP lofa ndelrdyg@med usci lad/di s
spectr ospchooptyol aamdspes ¢t e ocsTehepyopti o&l g dlaywrde rgsap s
were obtaimeedmstbasiorsppteiconnr & hsius i higl mhe equat.

Exppe 1 24nQé:!Mi N t hs) n( Eqi 12m 1)

Planfl2ver e measured in solution wusing chlorof
solid staast btyhadrppl ymaglsasas w@uldatimatie.l m on
Tab23®ptlidada & laonféla n (a) solution andPilami@{m) (tchi n

soluti on and dtorinthd nange a thermaximuin of the absorbance curve for different
extinctioncoefficientsT he olpda ma pfP ahRi2

Mmbs (a Mmbs (1 Pnset aén(c) O m
Polyn Sol ut Filmthin|Sol u| (a) Egopt
( nm) (nm) (nm)| (nm)Fil (eV)
(nn
P1 321 326 356 400 4533. B8O e
P2 324 330 366 368|42¢3. B8 03¢




| n s oPiatniadsnhhowed t wo max ianBu2nd nalb s302r4pst p eocntsi v e |

Whi |l ®olsihcat e (t Hihre fmalxm)muwra rogbbsseorrvpetdi oantsm3 2 6 ar
respe @thiswelpy.i ons atbPlloon®R2avtavel 26gtasd 272 nm
correspondt rteonstihtet on of the m@modeygmeed cbpwacrchkeéo
conjugated polymeihiBbsdsptewvimdmThew iPhlamrcsity

P2 attri buttimandgiot itdire of n hteh eniitnrcoogrepno raattoemd f(
i n ctahrebaz ol e Inr etpteeartb utnhi mpso.l ymer s exhi bited mo
to the té&dsr ¢éagidoenge eteo of aggregatipol ymerciac b

f i lcnosmp a rseodl wttloh@m e i nsria@mg@r egat i ong wif n gmofl reccm |

solutiomneohdanbexsmmliteecul ar i nteractPilwas The
calcul aBea@®&t a8Bnige® PaAdr Hypot hetical gygpfP2t he | o
associating with the increase of carbazol e

conjugated system and Thehband gdp batvteendhe icondudalien! o c a
band (where electrons are restricted in terms of movement) and the valence band (where
electrons move freely) refers to the optical band gap. This is required to be minimised, as
photons with energy below the band gap are excluded from absorption. In addition, the optical
band gap has a significant impact on the colour and emission chistaxst®f a materiall h e

phot ol uminescence (FPlandpweaperme assurfeadr inotshol
chl oroform and in solid state (thin fRPill m). A
anfld n solution were measured to be 400 and 3
respectivel yP>showedmpmaaicstmeand si 8hH nt haon h s ol ut
and fil m, this is due to some factors that
attritbutédeée presence o0#bk wvaittthadcrhaewdiPriigo | gt rhoeuaps o(bNe
repotrhttadgickncor porati on of withdrawi ng-sgrsdwepns c .
crossingoif Themn&Se t he emi-SHwieldé pdectrotnassadd mgn tSo
fluorescence?’Pobberdegr mahedh redshifted emi
Pavhi ch oddsoew vreeddshi fted emi ssi on anmol4e2c6u.l5a rnn

aggregation in tkhle polymeric chains of
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Fi g24(ea) Nor mali sed UV @#ilasnRldms crop tuit o o ns merat 1f a | onf.
PL emissi omlamipdenct sal of ilonn taenrdusdtviid$pmetch e a, &P 1 ex hi
hypsochromic shift in bothabBalthoedclmomind < hil fmt, iwh
and ifn laoomparisém whehPRlspmpeat hachiPdmiexhsthi tedin
and film, whahly sPZ hexhmilki tsehd ft comphoeld sol RtLi on

2. El@e@ctrochemic@lan@loperties of

Investigation of the ¢lheclktymehe mwawrilagphdpet €

vdlaamet ry anal yses. The el ectr doahdetme cdi f fhbeaman
bet welkldhOMO and LUMO energy | evels wvalues ot
reduction curvebds onsets respectively, using

HOMO/ L UMD (ok/ roms<krer) +dfE( eVEQ 2. 2)

Erwr ef ers to the potenti al of the fvesAg/oAgenel f
referencle, cdeecef eod®no stahe oo f pobceedndet 8w heiVc) h
was used as Th ec alesons maecelimeerde @ @ st pol ysoer t hin



pl atdneimecg r wiveeauss ed as a waerki hbeekbkettodey
(tetrabutyl ammomd aitmo) rpieairrdatiill exxr reantcee d Ir @meni Ao e e me
wire iMsBi0O.v@®Y nitrate sol ut(A@®/nMATGmeatahaet ee | uescetdr
wak00 ™V s

Tab24€V daRankRX (a) HOMO and (b)) LUMO | evel wvalue

g asp.

Pol ymel{HOMO ((®VLUMO (®V|E; c(e@iV)
P1 -5.05 -1.57 3. H8oO.
P2 -5.08 1.7 3. R880.

HOMO values wer eandadiad chfetdir d/m,0 owhstelbelalMsO v al ues wer
calcul ated from the di fference between the HOMO

As mentioned in the tabP@an@livebev e,altchud ai@MdO
onset of first oxidati-®an0pP-Bal®d@ o€ V.boWhe rpeo | tym
l evePmndiverodt ai ned by subtracting the optic
from the HOMA .vbha7l-luaedsd etMo rbeespecti vely, as the
are not clTehmea |IHOME@Iflienweall s of the polymers ir
|l evel s given the | ack of electronic conjugat
oxi dations d&aredrashal trewuHOMO | evels coul d L
carbazole wunits which could explain the ob:
absorption data seem to support this given
compar ed gwml uthiosre. iInt must be mentioned that
cl ear | yHodvefviamseodt ii ¢ & & htolweetd s | i ghdll ye Bhal | swduw
the effect of el ectr ohoweetdhudcrtaiwoiffgp The eonuteir, a | fse
HOMO | evath. ®8 eV, and the | owed3. @88,ecdtrtorcihkeunt

to the decrease of <coPnljugation system compar
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Potential (V) vs Ag/Ag+ Potential (V) vs Ag/Ag+
Fi gabTene CV aRanhygpzBiod hofpol ymers 1 and 2 showed oxi
the HOMO values of both polymers were measured
reduction cur ve gscrosudtds nooft boet mepacsluyrneedr, so t he L
from the HOMO values and the optical band gap va



2.CGBoncl usi on

| mpr ovenOelnEtDss itne d lomo lusgeydieemn ga p plfi ¢ @tqiuomses t h
devel opment owi tnimepw owvaetde rd all st i on processabil
phot ol umehtes@maamr oduct.Twno bypesbr arcahned pol
Paver e prepared and fulPFoyy®@emmddtad mieded ni d otwh
poor sahwibti hiltgw molTlha |lpaorweyigehltds.and | ow m
pol yfimeduei tow sopubbbbty due to aggregation
the final wel ymas gel ation of the growing po
reacihponl ymeart tedfrneedamraeahancement andfidadesnt rr ol
propertpireesparTahte o 2wafs phleymarmnmder pmkeno plpeomy I:
acetate during the polymerisation whiaold prov
which should also reduce the cyclisation si
pol ymePawvadBBbt ained with a slightPy hogéaeer m
despite the inndoromphreatyilorc oZmsudeé momnt mpatl ¢dnel
1H NMR studies, the mbBlaculsdr | Weil gwt raefs upnalb)

aggregation ofP4ciamibtagziod vet huewa ft spolny mer P& hai ns

anflzxhi bited | ow thermal stabiliti esThwisteh de
|l ow thermal stabilities were explained by th
the ester | inkages beétsweemarepiealt suast eppose

carb#o#asleed mol ecul es wheie btomel sl f mloang € air  atzlod

The optical Paméliveapes odft 84 &dt8ld 8h 8 ¥bees pect i v el
the highhampdpp Tattri buting to the hchaidi sAr.i

|l ast, t heP hen&iugnndeeds iHlked t o be used with curr
fabrications as they suffered from | ow mol e
t her mal resistance.



Chapt8ynBhed®PropanfBAHy per br ancheo
Pol ymers Based on Car bakmpplei Datrii o



Abstract

Hyperbranched pdlexcrmenmi sng( HBRgS)e aadn e giluyn i pgoupeu | a |
features andprbaoaperdtdieecaspgesiolbl e by their high
archi tefcftiuaieelLcEiDess boafsed on hyperbranched po
enhanced in terms ofaltlhewiohagteaeira ahidgh smd ludd U
pol ymers with excell eped?t her meolrl ppd toth hoaggyt. ¢ ry a
cmbazole derivatives have beenawsBpptoadkkesofy
polycondensati on; of fering great control o f
internal cyclisation interaction and preven
pomgr stabid{rtysandt hobgamat € mip adonwleghda Vi e th eeesn
desi gnerde paansdietohge + sBppr o polh ycondegqesaead i oonnt r ol
pol ymerisation and mol ecul aMn wead IIdG0waldsa @abde
11700 FM@anM4oespect iPvenRdAve Beotdibt ai ned i n good
72 %, with eixemlolmmoimgaol absbiwvents. Both pol
t her mal stabil i tPyss h awmeald i e tctoemrp atr i esroma | stabi
thermal degiCadamip@mveatcthd®6o5bser ved t watthe4 mal
Cand @The optical bRRadidaaps fHetebMmBWedntdo b
2.8 respectively. The difhetenbeted thbhet bpt
HOMOGLUMO | evels due to the effect of Phenyl
P4



3. llnt roducti on

Ext ensi vesbreeesne acrocnhd uhcat e d -eam t g o Iny|mEdDisoa eflso rg htt h
i ncorporation iamtdo ape\té chitc tbanmsa i 5 wconl eacsu | persedv
aggregation and enhantchergmdalhley peoH aybantep 10i8h &t a
fi)nmé¢d be considered. I n the solidemtatengi:t
materials to undergo aggregation anldotphr oa uc ¢
red shift ofguemc bsingn oBh'Hhleuopreesrwemer®on knoc
Aggregation Caused Quenching (ACQ) has the p
substance. However, the incorporation of p Q
aggregation and enhantWraki sieekiihg anceguka
for performance, extensive research is being
hyperbranched polyme®emi tfobrngpgl odasi ¢§hEDs) |
focus on i dent iafnycien gs uucnhhegagskan(d e c f b c mt,y haingdh s o
thermhbmandescestabspectyd)um

Hyperbranched p-oil menesisomwalt h( 3DY) e ecoagmmlhagicea l

steric hindrance,equeenmeaf eff uoresatkepce mpad t
crylsitrad ddmai coul d ‘e'csd uarcpkd enggalimenwéden mol ecul
addi t ipornegvetnted on of polymer <chain aggregatioc
di mensional topological stiPlikitsiresnofumhiypecsé
enhanced poleymhdrts'ng | ipgehtf or mance and an

el ectroluminescence of the respective device
in the design of monomer s htimatr aecéi [xihtar ad!
facilitating the production of hyperbranchec
chains have been found to efficiently mitic¢
primarily due to steritchehsiendaocampxeun d&o nlsaeweal e
included i nto hyperib®lamks,e dr @oU lytmiermr g iunt itlh es ec

emi ssion?%ntensities

Among these met-gpdwt ht pel ABondensation str at
employed for Bmel wihdnthesi woof hHnoting that F
utilising this approach, ?2%Tahse doaccukmemft edorntnr o

pol ycondensati onmemaecememnss havobeemgoABer ved,

Ty



in regut adimogdetclud ar wei ghi®Famd hpompdiespéhsi
of pol ycondmomsarteiresn iMB t he synthesis process
formation of HB polymers exhibiting €P%vated
This phenomenon shoulHBploé yaneoisdesdh oad dt he dve g

| n order t o mitigate t he potenti al dr awba
polycondensati on, 4+h €8 asse choenedn awpi pdreol ayc he nopfl oAy e
of hyperbranched pol ymer s (HPs) through th

functionali sed monomer A-f(uincdntoin@dli sfewdn antoinam
functi dMalasg iedspi cted in scheme 3. 1.+ IFBhe fu
approach are as foll ows: »atnhdeg Broaurpessmesrh acr ea nad

reacti vi tfyunatnidorianle Aroups insierastoPedeicitvivi

Iy
o
J—
"_I'.
\
B A\
/ \ B:
Polymerization y
- » i Hl .:'
\ '
by al
A B — e
.1. l'-r
",
Al
LY
-
- .
Ap Ay Bq By Ba

Sche3d@he proposed tragd# P ohwnt ompipe Sratardl amasfof A
general hyperbranched polymers are classified based on the number of unreacted groups. These units
are A, A1, Bo, B1, and B. The A units, A and A, and the B units, 8 B;, and B, are formed from the

A, and B monomers, respectively®

This technique exhibits distinctiinueg acmmbdreaat
cyclisation, which is recogni skdf ianse da exrt u eir
hyperbranched architectures Wi% tr tahbew nmdoarret, |

production of soluble polymers can be achiev

T



of branching through the incorporation of s
Moreover, an advantageous aspect of this tec

are readily accessibl e, henchker eemahhdd2igoltyhme rv.

Lu €&€thave synthesised two partly conjugated
HBP1 and HBP2+ z3Bunsdi+nAgB otlhyec cAndensati on techniq
The compdustithppldtod xybenzene was synt.helSheed
compounes-(ifkpdyfLox-ymepahyéeé¢) and pentaerythritol

sul fonate) were al soszasnydtBresipeed i ard ydemsct de

3. 2. The characterization revealed that HBP
organic solveemar khabdl showpdbi |l ities for for
properties, it 1 s seen tthhaetr nbaolt hs tpaob iylmetrise se,x

their decomposition temperad4d@®esAdailti omga lwl y
pol ymers demonsttrraatnes i ¢ li e\n dretezedio plelntenpamnture at

which polymerundergoes a transition from a rigid, fragile condition to a softer siatéar to

a cooled liquid, whi ch confer advant agmist tiinn gt hdee vpi rcoe

superior performance characteristics. The re
HBP1 and HBP2 in dilute chloroform solution
respti vely, indicating that HBP1l possesses g
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OC,H,
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O
\0 0 09; C,H,0
B4 1,4-distyrylol-2,5-butoxybenzene
K,CO3DMF o
r
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X0 HBP2

Schesm8ynt hesi s of HB+HBa nan Ba HBP Qfarvdina s LAURBePtl aMa.s

prepardt Rgl(ngsyl oxy)-thedBBihwll -nipir ofpdalmen z earse sau Icfoarea t
(Bwi 8 h@2-dbbutl gpgthyenyl ene2 pdlisy(le)t)hdepnpehehal | gooomj uga
(A4 Whil BP2H was preparedpausi afgl vt h e o mjaurgairtend don

(((phenyl sul 2o(n(ytlo)soyx yo)xnye) ttheylBih)y Il )»nperit ahpyalinbee nzenesul f
as a g£goren{Becencirmag theée phaarne kdmfieoaci aln thei Tor e

of H8PRA and HBP2.

3. Resul Dsesandgdsi ons

Il n the prevaoRimecbapyerthesised in | ow yields
optically and el ectrochemiPdaanflzyuf flar ehda sf rboene 1
solubility I n many organisamnsdol veass,cohbwoli
polymerisation due to the ocugerleantcieonofa nidntlee

of the topology. To overcome theseA+Bsues,
approach offers many benefits, such as | i mi
gel ation and good control of the topological

t heaMBpr oach.

Il n this chapter, di fferent functionali sed mc
t hetBAapproach of poflyrconmnidemalai $(®aMaadiid)mer s A

Yy M



were ©prepar eddiutsricamal Wd mke t-dBaprdbyaz ol e as raw
respectivel vy, as shown i n scheme 3.3 with

functional iz wasosmegmnt Besi $re dneitnh yol noel psrtoeppa nue

as a starting material, see scheme 3. 3.
2§ D 2 D

2 - -

Br o Br Br - Br Q ® 0 HO ©) M3 OH
.

2)
\ooan (1) M4
c
) o™
OH o 0. o
HO Repeat le) S

OH N o
57 L
. . O
Starting material (12) M5

Sche3d@dMonomeri c SynvizhvgstVida nid3 Reepasg eonft and( IE)ohgl t i on
br omi de, KCOE, OWMErINdPpgtH Cul , TMF,2(40BBsj i ce bath
room tempeb aClwy edod4 neCANneCQsCBO 48BByr i c-eobmt h

temperatufcCdmePAyhblendidmayl| sNo,hIDQGM,der,ooEft t emper at

P3anldiwer e prepldaendd4asi awgi thhas szar eBpectively.

desi gnedPpmldyweres characterised to be invesi
pol ymersd mol ecul ar weight and controlling
t hermal, optical and el ectrochemical propert
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HO M4 OH
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Polycondensation

P4

¢
Ry Romy

Sche3d®8y nt h ésa nsd AMoifa+

with sM5a¢éBa
cor@Th®entr al
s ol iutby .l

alipplaaycr ad kgl

chlae nisn t er ms

3. B3yhthesis of Monomer s
N i
CH;CH,Br
KOH/DMF/ 24°C
Br @) Br

Br 1)

Br

Scheamegynt hetic

2 4C,

overnight

conditi Baageht camghydaodd{oim) ares ;

y 0

sBppr.@®8chwasar @ed eps i)yn gadsdiB o I( A
celwhi bk edr was( Ar eaparwe dd bndihreg sM me

of

KOH
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Compoumwds(Bynthesised following the Mddifie
The reaction was conducted at room temperat
potassium hydroxide as a basebyoh@hwbkl pr omi derg
achieved through the nucleophilic substituti
anion which rdesulottedt aftri m toHeat bTehicsaribsa zfod lel a
by tthaeckehtefamhenet hyl br omi cde,mpafufnadr.d iTrhge tphue i
was done wusing column chromatography once t
di ffeyent (R

S
(‘IOH —~

S T ¢

SR, — 00— o0,

Br Br Br

Sche3dhe proposed mechanTisan kfyologftdctompouwmdr ¢ @éen
carbazol e was cammud leeds pohiglt iitachu toluegrhptdhesnaebabe KO
assist theanddepDdMiEmgats oIinBe-dbit b t-IB(reatf Hoamd &viZo | e

Thé&d NMR spectra confirmed the structure of
di sappear ath cpee aokf, twhei cNh a p A eedsrhea ce | adte d1 1g.uGalr t pept
at 4. 47 e CHANssilgnt he aahi phdedctarebet was
ppm, corresponding to (éde ftiegumiFena B mimsmdiry ¢ ,
spect roanmeftirrymed t he preparati ogni vafngt hbeh er evagau
351. 103 addition the el ement al amelqueiredlcon f i
(7) by givi@gd4tThe2,valH,ue3 . D2 ;maBiri,ie n4g5h. e3alr;e €N, c a3l
ofc, 47.63; H, 3.14; Br, 45.28; N, 3.
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Fi g3t NMRoecf owi2inn DM®B®. 48 (s,i7285, (h, 68H)7. Y. 44
Hz, 2H)J= 17..219 Hzt,, 3 H) .

The pr epacroarpioounnvdad( 8carri ed oairt e paocrctoerdd i s1ygn ttl
met hox plr mtcieadmnr e i Thereqglitedapuowmaduapawas ofrk
yellow solid with a yield of 79 % af wet hpuri
et hyl acetate anidheertaadteiuom emenelranilsm®)was e

f o rhper eaptairam mpfo(u2n)d.

& g
NaOCH, N
—>
Cul/DMF/ 120 °C
Br (7) Br u -0 (8) o—

Sched3mB8ynt hetic condi tReoage mtf aolp®@@hdd u(i§g nMF, 1
°C, 24 h.

The characterisatildnNBMR s b opdeasnios 18de di sii mtge n :
at 3.96 ppm ascribing to the mhSeandplbsi ti oast

of car bdz=dkleg8unréenigrs t heMappewndri x)t he el ement al

yp



the success of the prepared @€ odmp.oush;d H,hrdD.ulgth
which indeedalmawleh@e@ed4 heb 3; H, 3.14; N, 3.97

BBr;

4 3
(-0 - 0
" Ice-RT/ 24 h H
© ® 7 HO' (9  OH

Sche3Be&Synt heti c c¢ompo t.nRdenagg%®m ft an ®dB«L on dietoi boant sh;
temperatur e, 24 h.

Compoumwds( prepared following the synit'fetic
The reaction was carried outt heetsherg dlogawni ngi
and dichloromethane as a solvent. The <carba
demet hyl ation of aryl met hyl et her (compounc
boron tribromidéC wtas rceodnpd e ttelde atedcti vity o
was removed all owing t he ° eaafctteiront htee ncpoem palt eutr
saturated solution of asdoddeide mhtoh ywkH cogfeent bceair dono n
mi X taunrde remove the ressgwaterg mhscdbbhe) knBWat

weak aci d.

Sat.NaHCO
CH;Br | &Y

N
p
_B.
OH B(OH); B 05,
soluble in water

e

™
)

Sche3f@dhe proposed mechanvi3sirhef prr ep@ammpawimd c (09 ) n g s
compouwnd was carcroinedd(tuinodsesi oBdngn tri bromi de (Lew

yc



et kdreave agent , and dichlwirtohmet damectast ama otoH evre ntt
mentioned in the scheme above.

The analoynwiosuuslfilh §NMR confirmed the final str
di sappear ancpee akosritéen e riontoemss d rom t he t wo met
phenolic rings of c arpbeaazko | fep BBihtoewdleldu tah é r ppraas es
of ttwoe@Hsubstit Bemtdsobs 0t loe car bézel d i)rgiumr gs ,3
Mor eo€C&MRconfirmed the obt aiannecdd Isafrmett oy by
at 56.20 ppm. Further analysis was conducted

value€, td93b89; Hyhibc.h7 7r;elNat i6v.elley ma€,c hg4d. @ he
H, 5.80; N, 6.20.
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95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5
f1 (ppm)

Fi g824% NMR SpeiSi naDM®0 87 (s, ibr.,272H)m, 74}8)5 6. 9C
8.7, 2.4 HZs 2H)L, HZ, 2ZHI gl 1H23 3 H) .

Compounwag l1ukcpesepfanled according to the pro
reported BY hTesng eeatctdlon was ¢ ondaacttneods puhnedreer
using dry acetonitrile as a solvent, copper
The reaction was | eft ufdd euntsitli raod mpl eftoiron4

carbonate is considered a strong base, t he 1|

yT



temperature. Furthermore, using caesium carb
to the high solubility in aprotic solvents ¢
sodium carbonate, al s-pi €kddpsngsdtactepdr ad U cRiarbg
Caesium carbonate has distinctive characteristics, including an extremely large ionic radius,

low density of charges, and strong polarising ability. As a result of these characteristics,
caesium carbonate is a more desirable compound for sensitive redtimecessitate a

precisely balanced base strengfth.

H

N Cu/ |
N
CH;CN / Cs,CO
-0 o— 3 2CO3
2)

90 °C/ 48 h

0 (10) 0—

Sche3dlSynt hetic conditiReagent ceaompwawndddo(iliCdnen e,
CHCN, C@s €0 48 h.

Il n terms of reaction mechani snpr eYparmeumcicoup
in three mechanistic steps; firstddolbegnzdrmre,
resulting i(magshehocwempl axscheme 3.11 foll owe
i ncl udesantsmeheatlvadem nt he deprotonat e(dA)moompou
obtain tHhHe)cloheplleaxst step was achieved thro
comp(le)X fordi ngptbducequilded

yy



Red. Elim Oxid. Add

1
" T

Ulmn. Coupling (A)

Transmetalation

o

o m
® 0 J0 @
Cs—1 + Hi‘QXQZCs s 0*0 Cs

Sche3mdlrhe proposed mechanilsUmafno rc ocuopniphonugnudd e(slcOt)h 0
mechastepPiscTh(e oxi dé@toi vieorard ccib)hipd heex tAntainospme(ttad f o
compl.,elxXTTB)ed ucet i ve el i mi nattoi opnr oodfu cce@ ool eeext-3(gBx)iy r e d
phefA¥darbaz.ole (10)

The <char abcytHe rNiMSRaitsisos peamnd oemeemgnt al anal ysi :
succespr of arnthiperconduct NMR)reveal ed the disapp
peak at 11.59 ppm wWHHigam uwas Nesws idersdid etl d etdh ear
trimpdakesr e observed a&td o7 .t5h5 ppwo, patottroinbsut( c he
| ocat edr tphpocsti hée ons of t hger mepvnat hachkedsphshiket
wasbservedt@r8m ppsm7assigned to the two prot
in pahmeasition from the sgdme hewupbdeByl BObSI
Further maat$yspsascdnyfoimemed t he mol ecul ar wei gl
am/ z304. 34 mebbkhiengal c wlaast ed s\elalvaeae | e ment al
indeed copt@rafmetdheda hpr oduct by @Bt abni Mg ©Ghé(
4. 60, which eakcwiadhw&eaC, t 39t 88; H, 5.65; N,

y @
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o 0 o HO (11) ~ OH

Sche3h&ynthetic condi tiWe®Rea gpdn tc oanpBbBsmdin ctelelb)minls ;
temperature, 24 h.

Compounwlas( lpirnepared following the modi'fied p
The condition andcoemphbamuemeltlys ed epad eexpl a
preparabtmpaudéiwd®)obt ai hgd eygs salfiadi ntn a yi el
phenolic carbazole ringsNMRBrehaoadtdbesneershaitnhg @
a singlet peakedad tOh&® 8newmsulastcirtibbent s of tw
i n fi gruurret h3e.r3mor e, the di s ap ppecaavkaincche was tlhoec ¢
at 3. WGsppimsa dchgdrhwed anwvamy ss$ ss pvacd ndi@imremir 1y g
t he mol ecul ar mas ®dwdcdf2h@E&1InBequdidi ¢éd grheét o co
charactefei sammenvoapr aniadgdi sGe *T&lnues MWfFf 4. 75
maching the c&l,c ul8adt5e3d6 ;vHaN ,u e5s. 009f .
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The prepaacmprdwmaase(flax)hi eved according to the
by Mat suki?TMRowas wteated using triethyl amin
toluenesul fonyl <c¢chl ozfaitdea ovomd & re nipheer aptruortee cutsii or
as a solvent. The reaction was dawlk nbi7l@wanso ur
residue. The requiredawphrn decuctol ( 2 ) 8wa $0) a fofnare

resi chmiexead sol vent oMo me#@lawmtoil omnd 0. 25

0
— )5« 0
o) S
%/OH - © OXO 0
HO Et;N/DCM/RT o S\©\
0}

OH

S
o
(starting material) (12)

Sche3e&8Synt hetic conditiReaag eoncto nadméproentntey, | (ble2n)z e n e
sul fonyl sNo,hIDGM,der,ooBEt t emper atur e, 72 h.

Il n terms of reaction mechani sm,detphreo ttobneae erdi
hydrgrxofugor mi ng the dxywénchniont dOns 4ttacke
toluenesul fonyl chl oride t hrough t he nucl e
intermedi ate as can be sCdenboinbdr ewabhse me hi3oddh
el imination oft ot md folrldortihdke pamidawrct (12) .
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Sche3d3hdhe proposed mechanTihsamerd lop hicloimpasmn@p pilte di c
prepare t2bé¢ 2§ &dwisryd d xy) hedBBihwll-mipir wfpdamenzenesul f on
M5i n the prbgkeamenefasraebase and drgt IDEMIcason s
reagents and conditions mentioned above.

ThtH NMRpeiartonfeidr mhe structanmee wealtehde tpwoo daurc
doubl etbBemwi¢dadt s/hi75% sand 7. 40p @gedssi Ome dd e ohi

protons | ocated in position (a) 3bebmwt hanght
shi ededaekdsr r esponding to the six protons in poc¢
singlet was observed at 3s.ipx@oppmscbobh mnmhnege
groopst to theAtox2y.g4e9m paptno nesn i retde msedl rad iknigd et
nine protons of the three terminal met hyl gr
proticduse to the delocalisation cauwtshegdt obuyp phe
|l ocated in (e)egdasasgtuiaon ewe rae olb s4elr vppm. The
group |l ocated in (f) position was viewad as
mass speconeeer Wugdceparptoodacof (1239n b/ zpr o\
peakbkodcdBrespmontengl| wd weieglptr oduct .
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3. Byht he’sarsiddo f

P3anddwer e

synt hetic

obt aihyipreg br anchFe3dnighd legmercs i vely as
wps otend uoned usa hgek@dBga sDMF

pol ymerisation

GDCI74=(8,6 Hz,
OHY),, J21HJ3, & O(Hgs,7 3 ) .

syniAresiPsodd condensati on
procedUWr@3a ndé(d o rutnecd i boyn all ui 2seetw eam® n o r

pol ymer iM5dtdf wn dthi onal i 3)e di nmotnlbememo n dmer i c
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a base .(30Theq ceaduic tv®dvhasuaBa rado ni2m r e d
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dei oni sed
chl oroform

good yields of

i n commgaroil o ent €h lsourcohf oarsm, (

poor
t he

70 %
exhibopaaodperties.
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prevention of

the end of t he
water, t hen filtered and dr i
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I nternal cyclisation

¢do

J6HY, 87H38 6H),

shown

t hrou

pol yumse rnigs at i

TP@dnRlasp evgBitp@lr w.a chho t
| n tPearnRks hodwesdoy spd dudeisy i tbo
DCM, ad Hé ptaan siteldeo | u
gel ati on



structure were achieveRdllacidmpacbdwepbet pbeepgnt
ABapproach of pol ycondgoosdats olfruzdnmdSchhgaupl tde rb e2 .
benefiincitaHe f abri aat itsdodiuotfi ode vpsrboecsel sds adbn d b It g

deposition of wuniform fil ms.
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N( G o OZS, I
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HO M3 OH HO M4  OH
A, (M5) A,

Polycondensation
A;B;

XO (0]
o i Sy
W,

o O
@u{
S P3 O

N s

Sche3m&ynt hésainstddoifatr ABppr #8chwas prepasedsusai rdgp nM3
with sMbaéBa centr al core. sWR)i ldso RPadr wawst pbrepbarsdn
corg .(BHhe centr al aliphatic al kyl chains play a
sol ul@ihlei tsyed #®tcaliwennes ul § any lhaes Itdo o teé dsmisn afl a vgoruor uepd
thegsi deaeglomad | eaving groups.

The charachZmnia silii oMMR fconf i r metdhpar e as @t ¢ ®@ns
both pdBrygmdr ar omat we.eek.abk7 ppm a sGH)g nperdo tt con s(
wemobsefr oeRle ak 1 e0-@G) taM@H)( protonsedwewe bbsesadyv
peaks at 4.71 ppm and moréebppadopsphtvwids8dy.
-1.49 ppm cor-CH-pppnadasowwsat browad pOak8dppin. 18
th€H( prosoeamsappenddithe it gluwaalreceonoffi r med t hr

dgn



'H NMRiral yses. Trh4 e seperca adu np eodk.s5 9a t p@at) 3(9A4 . 7 1

-4. 04 pQpHN, (-B. 89 pQoHN, ( @1..9587 -G-Mm dnd017I8ppm
assigrCHyl (see ap@Bepp®i x, figure

3. Mo3 ecul asofFMlanght

The Mn, Mw PaanndddPeDrle fdoertv éahmi rGePdp,ol ysitryg ene st a
THF as a solasnt .maldke aMm ewiatlodraasifldave f ® und

to be 8500 Da and 11700 Da dvewe padtumsabvyer @s s
ad 3500 Da anmdspezdFwvBmyt he obt aisneee¢dh @rdie sul t s
poseeslai dhhtglhyvra |8loemp arnt ehch PBTwhfe WwWallues aweukat ed
att. 6 PBaonrd 1P4 ftbe slight differ encsel higngthP DI
di strib@tioncofmpakliexdtn bowedVal aemp arPeadnd o
P2The differeaese BBt wek@& uPkDsighvnad uesP ab®ai ned
preparedapprogoehB probably be |inked to the
of P1 and IPRerd andf3u hietiire s

As the two polymeitahewBdaepsypantheshsgtd mol ecul
be expected pgroeamparreldn@mmhdfibhle wer e sy mtamaedsi sed

whi phovi deerdo!l ecul ar wei ght s. The degree of
controlling the internal reactionsol etulwaen
cyclisation and prevent s’ % hwehigcehl acta no nb ep oad wd i

capping the polymerisation.

Tab3lle&PC d&thanfd f

Pol ynMn( DIMw( D|PDIlYi eflFract.

P3 8500{1350(1. (70%Chl or

P4 1170(1620|1. 472%Chl or

3. Z.her mal Priolaedti es of

Investi ¢ &teheornmeolf sH@ambmfldhe med @sr bhdken using ther
analwrsdnbrt r ogen aatt nhoesaptthied @A ) .mi hhe t her mal de
oPanklaver e estimated based on the ther mal d e
PZ2xhi bddedl t her mplI3t68Ct,a baisl itthye smaenpa &0 svet gmt

Pp



with the increase”CpfthempelgmaerestAart®685deg!
drophe pebhymeeght .

Tabl2&gher malPdAaRI4a of

Pol yn Td (ed

P3 365
P4 21-209

Il n compradwasewetad dikess t her maP3bsyt asbhiolwitnyg tmnhual n
t her mal deNjrtdodat easmsng t he temperature t he
dramatically with | osing <G mpHuerdtsh ewe iggrha d wd |
was observedC-deCTwbygnl 287ng about 10 % of th

t her mal Ptdadulld t pe odttri buted to the increa
back®édnwhich affect the thermal stability of
100 — P3

50+

Weight (%)

0 500 1000
Temperatue (OC)

Fi gB85T®GA analPpsri4BotPBanidis howeed ati vely good ther
propor wi o hal Intchree atsé mige waweéshecowed betteras hehemal
pol ymer asa sweafiddehctt €€t d3redahe oOmp a rPeld t o

3. Dpi iPooalpeacttiamila

The opti calP Zapnidovweenret v estvidéfdVi sedspectrosobpy in
dilute samples ins tBbakkiexhnbi iedtthwa &bs orp

and | ong wavelengths in solutiP@mn@sdbdowrdnert
maxi mum abZo@nplfRmre sptectwlviell yt 1 B 7&BhH7EmM | m t h
respectivel y. The short and | ong waweél*engt h:¢

transand ofthr ansoft itome c¢ ar boanz otl ee npod leytmé&rss 6 f r

dc



showed #®mhidtreaed absor pti3lhn sc d mp aruded |t voo aeltl irescattri
from the «car bagzroo ugpt viion Ictdiaedas pelsdd n b 8 d r2gfthieo n

optical bandag@amerfor al etuhmatxe dafimroornp ttihoen ons
t hfei | m3t @%b @an @Y respectively.ofilhbowehtainc atlh eb a
optical od@8ndhgap mgéatetrr ibbauntded t o t hleUMCG cr eas
separdautei otho t lkeeé ereddlecdabonfsatr bazolie® faenpe a't u
probtadliyncr eased agpghreenggaltbi aozno | bee tuwneietns non t he
Tabld3®ptlidad & aonfld n (a) solution andPimi@{dm) (tchi n

sol ution and eijorikthe fange &t themaxinuin of the absorbance curve for different
extinction coefficientsT he olpamafp®a nki4

Mbs (a Mbs ( Pnset e nE km (
Polym Sol ut Filmthin|Solu Fil Egopt
(nm) ( nm) (nm)fn (n (Nnm (eV)
P3 369 375 402 | 411)426| 3. 0880 .9
P4 372 378 420 | 382.,415| 2. 8505 ¢

The PL shacdavaer ef measured in both solution

stdqtédin film). PTamdé meemies soibotnasi noefd i n sol uti on
382.5 nm, while in film were obtained to be
3.6 (b). It can be not iPesehdo wierdo nmotrhee bfliugeu rseh i3

in soluti on P&ohmpcahr erde vteoa ltehde mor e red shifted
to the effect of weak slbbstrooewit shdwhivchgdé¢
emi tted pheSstoysi faroem sSynsgt etmh ec riomsisea ril ge afdri ovrg $
decrease ofPIPrdavertsecd ntclee | ongest emission i
t hPex hat observed | ess red shifdtedtédmi psiecrenl
el ectron donating group (et hyl sdwhhmsttiitnwe rgtr 0)u
have a role in stabilising positive chsarges
a consequence, there iIis a'-redudribonails,t head
a shift in absorptioidafhewhrdadhesgeofFfvhhel em
in film could be attributed to the presence

ground and the exci’ed states in the polymer



(a)
g 1.0 —— P3 Solution
g — P3 Film
E — P4 Solution
< . .
= g 0.5 P4 Film
2
I
=
8
Z
0.0
300 350 400
Wavelength (nm)
(b)
. 1.0 — P3 Solution
B — P3 Film
E — P4 Solution
B~ — P4 Film
305
I
g
5
Z.
0.0
400 500 600
Wavelength (nm)

Fi g836(ea) Nor malised UV ¥Yiasnkd ns esrod tuitd m ns ppenadt rfa | onf.
PL emissi ommasipdenct sal of ilonn taenrdnsfviolsm.¢ pec UVa, P3 e
showtegel engt hi n( bbouteh sshalfut)idemnx ha mld d fewde vae | evihg tl ke  (Pr
s h)ifnt both solution an3kxfhiilbm.t eldn at heatPlochp ®at rca s
and fil #exhhbilteed® a hypsochromi.c shift in both s

3. El@ctrochemicalan@roperties of

The electrochemian@liwepreop exrnvteise § gtaft @ dv,wlstti lmegme t
HOMO | evelP &afndriveeraec hcal cul ated from the onset

while the LUMO | evels were calcul ated from t

Tab34€V daR@ank4 (a) HOMO and (b) LUMO | evel

Pol ym|HOMO (‘8] LuMO (%
P3 5.14 2.06

P4 -5.18 2. 23

HOMO val ues wer eanododaivad cfetdir dvme,0 omntsdetelaMO v al ues wer
cal cul ated from the difference between the HOMO

py



The HOMO wadnkgerfeorcal cbl adéddaBoelWe whil st t
val uesawetrbtyatdeedduct i ng the optical bandgap (
the HOMO va2u@6-2a@®@dB beV 1 ghe pubstantialvLEIMG value
exhibited by P4 is adequate to block the flow of electrons frordketo the holeransporting
layerinthe OLED??f't must be noted that the onset of

a result there is Ilimiterdskhowmedds den@NM@niengthe
l eveo®l that of

r3 P4
0.00020 Anodic 0.00015 Anodic
0.00015 (Oxidation curve) (Oxidation curve)
_ : — 0.00010 :
S 0.00010 5
= Cathodic =
g 0.00005+ (Reduction curve) : £ 0.00005 Cath?dic
E 0.000004 - ---- LTI S E (Reduction curve) :
v : U 0.00000 - - oo T It
-0.00005 :
-0.00010-1 T T T -0.00005- T T T
-2 -1 0 1 -2 -1 0 1
Potential (V) vs Ag/Ag+ Potential (V) vs Ag/Ag+

Fi g87Tehe CV aPRalnwRisEschhfP3 andxiPdasihowednd reductdi
HOMO values of katl It dgraoltmerdehres oweirdeat i on peak onsel
curve onsets of both polymers could not be meas:
HOMO values and the optical band gap values.

¢ b



3.CBonclusi on

Design and coft:Bot @GBEPBsvhasAnotably exhibit.
this approach more desired and favourabl e t

internal cyclisation interaction, preventin
pol ymeri seaguomnedr o obtain HBPs with ideal
wei ght s, |l ess viscosity, good ther mal prope
sol vent s, |l ess nmMrodeftinéeé ae dgygiremgeadi amdgd sBontro

appach of polycondensation. WPheaRlékan ddcttedi $a
properties compdandddwhioch hewemde ssymt hesised in

approach, where the | ow yields, | ow molecul a
These due to the effect of internal cyclis
pol ymeri sat iP@mR&slhm weaodn terxacsetl .l ent sol ubi |l ity i

such as c¢chl trl awufeacrdm, P BEBICeMwe r e obt ained i n high
and 72% with desired Mn values of 8500 Da at
proper th3asile blhoitihi t ed good t her mdlher d ®ingptea mmd a
espedidaliloygh showed just on€ demgp@datiihea e ba g
t hese pol ymer s can be used in the device
processability anldngoedms hefr mapt iscFadbniddh ayact
di spl ayesthmabedr pti ons37rbm taam@ilm3fan ns owiutthi on
cal cul at ed) aspP®iVc &2Iln 6b¥Fa mdespecti vely. The CV me
t hlad P3ra nfis howe dMHOMO Isev el

Man
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Abstract

Thescef TADF polymers in electroluminescent d:¢
owi ng tdda sthaeict i v e (completely madifiable, tharmailycstable, 100%

internally quantumefficient TADF polymers narrow bandgap andefe heavy metals By
empl oyi nnghahe endeneering approach, a number
synthesised and enhanced, i ncorporating TAD
incorporati OMADRF) tdmeiTRZere;,nnPXZ pol ymer s, was
the utilisation of Suzuki polycondensati on.
conjugatedplid 8g Xy hexyla)nax yp)abretnizaedneey i canij ueg att
of carPbhbazoonee.of t he synteeisfiiseal Ipy | syymreirse s iwsat
free moieties in order to facilitate a <con
resi amanee ecthrediatve miucdalof the synthesised po
Al l desipeleyylmer s were highly soluble in comr
excell ent options for -ptrhrecesmiedt ippPlyin@dy sr usi
Mor eovBedex hi bited close opticaB. Bé&ngd\egla)p, val
t helaracteristic can be-camsjcu g dstelekdc tesd t| detimat  1indo te ¢
stability is exhioBattdddyr addt ipod ytimemyse.r at ur
The i ncor poruatiitnesnt hoef pToAIDyFmve it $10 ds if doef ¢ [Badit, n 31 & t%i
and ,20i%creased the tphpol mdnleosnt BPEBIPI~>Pt8TEse of t
gedri stdetmperodt urhese pol ymenACWBRCER;MbESCed t o

respectively.
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4 IIntroducti on

OLEDs elxgpwe i enced rapid growth as a result of
potenti glenas anessmtnddilsplhayy ng sources. The pi
materials used in OLEDs have rapidly progr e:
materials to phosphorescent ?2%h¥fdh, e moesw greenceernat
of materials with TADF characteristics can t
in about 100% exci(tObhR)6&I bf sat hghetef ékci tongy
exci voabBe )RWiStChou't lheiamgt aalnycomponent s as

phosphorescent (secd®hd?3§enr®*ration of OLEDs).

There have been recent i-mpges®OLE® decvbhopmgn
TADF material s. Il n OLED devi ces, for specif
external guantum effici ARt §pO@EsNp|l et ut ke,
emi tDIMBAFD RS, greemCzemM i aee Ke‘en’anceh’ deedces we
made ewamaopdna p o stietcihosi ugculokehs@ snv @ ad a p o s(iCtVi,Do i u t

such appeqgqaches compil gkerdeso gtns,, and preci se
proceasppm@macl more effferctlieaes, acasteasi ly re

compared to alternative manufacturing proces

deviocnesa | arSgleutsicoanl eprocessing 1S inappropr.|
publi shed TADF dopant s, whichThire fandamernt
di fficulties in making films wi&A& amaésulmb] ¢

crucidavetop organic emissive materials that
TADF pr 8be’?ti ext, 235 =236

Fabri cat f bdoe vaihcteh s o U gphri cocnersesg unigr e s neantheatnicael s
propertders.béefrhachi eved t Boob il ¢gtmee | cwiintdaht ea ti ic
excellent emitéPsWNalee rptrioelea s sr,eadsiiantciev et hdee craoyn m
induces the d7%%%tdfvattriioml etf &x0ci t ons, the de
[ i mits t he cenf¥enpalogheetse d devices .Aso as ome
consequence; devices constructed using these
from 1:222“€oendeGuently, increasing the EUE o
possible through the wuse of -&Ar@ADBr paohanies

materi al s.

MO0



Amongsbnjugated polymers that exhibited hig
shown remar kab?f*Cacbabzasdaeer pst yeoxshrdbcs t h st i v
characteristics -coompgra¢eedt poloymers due t o
including a reduced redox potenti al and an
UVr ange of t he spectrum. Consequentl vy, e Xt
investigating the =electrochemical and spect
derivatives. They can be used as f unsctduoenal
to theiouadchrmagal , el ectrical, and optical
transport | ayers ?d43%dddmttohabhy, i nh®©yYEDsnctii
phosphorescent OLED applicationsfhedi as!|l asi ¢
of carbazole wunits within the structure of

resistance in terms of thermal stability.

Yeng 'é&ffadcti vely synggheeins @ADBFICm&®LCymmdrdI| ue

;9 &ndby gr a4 Hprhedaly@,xb di2-8gk 9 b hleOnpyheenox azi ne,
a TADF emitter, i nto the backbone ofTlipel ycar
carbazole monomer wunits in the Ppolsymeonsnsalod\

t peol ymer sbwckhohe its high tripletccaneyigyng(:

ability; in this role,-tirtancrmpayw esenrgvle.s Tahse tghrea
perform additional fundtei enhectthhatniar e rro@teritn
backbone. T h e CaFoCozvaee rpeo ldyenseirgsned using three

in the scheme below, with different ratios i
onceHt N&R analysis integrated the total numi
the desi grmPeCd;RpgBymerzsY & weére calcul ated to
7358 Da, 5530 Da, 6273 Da and p5h8Q6o | uani mes ke
guantum yielkdPl@Wi i |tultoe esaleind st at @ Ciz@cz ©® he de

;9 &ndwere obtavndw, te7b2%, 33.6% and 33. 7%
pol ymemr<LzBCnenxhi bited 1. 2%, rdspadéxt dWwelandi .3
maxi mum E QB poefd nOoLnEDSs ,

Man



e To RS . okttt
OO ((C)Hz)s (gﬂz)ﬁ ((()sz)5 (§Hz)5 (CHy),
(CHy)
N é <P — é G0
N

SchehbPesi gn of green TADFFicwe od oylmemesr sb yh arveen gb ed n
a polymer sideehapiohysmehawvegyebani gsafted with di
TADF eMmMD%t e®.. @F%, afd0O0O %l2%). Graftasng tiveteRARKF ne
di ftemsasmaiso applinivedtttipppdtyaner sGspchbhpasti de atntder mal ,
el ectrochemical properties.

4 Results and Discussi on

A serieemothymeremr anciwe d ADdlF p mewregriecedesi gned
i nvestigated ticrhatimi £ ngh apteap migh esd ewastiernggy owaarsj
noononjugated molecules as a pol ymagrfanaidn ch
wigihdegswiabihngr eenTADBEWETIRAEZY Zc)ont ai ni ngmepiheny x az
as donwirt barniadaroii nees yed ne ca ccoenpt or . Ut-¢ dnjsu gqat eodh
mol ecul es iIinsthi medpptoacheduced el ectronic
to obtain a carbazole framelwerdkambadhodaeehri ggphe

substi teuttheydl wsubhst i tuent to i mprove sol ubili

Thehoofc etahreb mo @i @Etsvi2Zas a h oesxtp Ichaynt ebdee x cept i onal

to transport hol es and its posseXx.s@d.n Tohfi sa
energyssgatkeicantl|l yogrelae¢ eT AD RTaRu4n.it thieteaE [PuXrZp o s
this is to prevent t he -tprheemsfmern ofnr coth tthrda pTAeD|
host material, while also maximising its abi
hi gh steei cahsedbrhhogschMzhiet he tri pl et emewlgg of
be similar to that of the carbazole repeat u

the final hyper blrmanarheear tptod ydnegajsugati on syst

Mp



backbona y i-glf3G6o5xy hexyl ) ox\y6)waszemdr ddwane d [
pol ymeric M2awbkicmao lesuadtdusr at ed hexamet hyl ene s e

PXARZ Mi7was used as a guest ( TADF emitter) [
OLED TADF dye. l't's wutilised iwacQiubn®s malb c
e v a p o IMkeevacuomhermal evaporation technique is a specific method of dry deposition
utilised in the production of OLEDs. The process referred to as the physical vacuum deposition
method is widely employed for commercial purposes. The substrate is coated with organic
molecules in the gaseous phase. The organic compounds are placed into a crucible, while the
substrate is maintained at a specific distance from the crudibtmnsistent temperature
differential remains preserved between the substrate and crucible withectnen chamber,

which has a considerably reduced pressure ranging frontal@0’ torr. By increasing the
temperature of the cruciblesolid organic substancesnvertto gaseous form. This technique

is classified into three distinct categories based on the evaporation source, substrate, and
distance between them: point evaporation source, linear evaporation source, and planar
evaporation sourcg’ The deposition technique offers the following beneftis deposition
techniquadepositscomplex or multilayeconstituents of various materials. Furthermore, the

layer thickness can be precisely controlled through the utilisation of masks. Furthermore, it is

an inexpensive and straightforward deposit method. Additionally, it offers higher efficiency

and a lengthylifetime. This deposition method has a significantly reduced possibility of
contamination and impurity compared to others because of its high vacuum chamber system.
Nonetheless, the following drawbacks can be identified when empgldyi;mmmethod: Organic
substances degrade rapidly when exposed to high temperatures due to their high thermal
sensitivity. Additionally, eliminating deposited organic materials by scaling is a difficult
processAn additional drawback of employing this technique is the relatively low yield of
materials, with the residual organic substances being discarded during the deposition
procesg*® 29 n  convaastthretreavaalpor ati on, solution pr
including Sspin coating and Sspray coating,
i mpl ementation of this strategy, the TADF wul

backbones.

Al | Mo iV@meSrasi@di7i |  ustrated in scheme 4.2 bel
di fferent ratios via Suzuki polFSonttkbasatt D
(50: 50:4095:,570(:460:,50:PH030:an0d: 20) Pwaspaetsii galey. v
no feeMli(TD&EH i n compari son WwWiGF3 owhhieah dgersa fg

MacC



with diff eM7&nltADratmodstgf) . The & hyeeulcly ouer ean Ve
hyperbranchdP gwalsy mearsd uéH edMRusdamayl ysi s. Al l

pol ymérPsthave been investigated in terms of

solubility in common solvents such as DCM,
such as ther mal resistance, photopwegmé sal pr
examined and investigated.

i @EOQ o)
1 ¢

P5 M2, M6

P6 M2, M6 & M7 5%
P7 M2, M6 & M7 10%
P8 M2, M6 & M7 20%

BN =

Schedfi®®esi gn afr el ITAMF hyperbi ®8Ebdny ppobyarched
pol ymers were prenpamatdi asionfg M2 ffE&6eabnhd M7. P5
ratio of (50:50, M2: MGPB wkirkeptbhbpapedddb@seiGn f§r o me
(4 050 , 1030 54,nd2) of the selected M2, M6 and M7 r
THF, S at, . NPadH,QOO¥c@@d JCAKQG, 24h, Ref |l ux.
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4. Zyht hesis of monomer s
4. 2Sygnfihessi s of

Three synthetic stepsM6éwsiraegcahtioeodogbucti nol
materi al (sedheclheméed ed) steps awmie houtelaicrtda d

conditions

Br

Br 0

OH 0
A SN
CsBr ) KBr) . ' Br
A N . T I8
Br' O o' /Br O(/\é\o 0(/2‘0

Phloroglucinol 13) (14)

2 P
ST I o S
B o0 (iii)
’ ’ Qo@oﬁlo@o@‘

(15) M6

Sched@dMonomer i c sth6lshet oprperpehpy @&riréi-G4 4 6 4 .,e5,r5a-met hyl
1, d,idxaberioglpshnenoxy ) hexvals) wxay ) i kaen o & hwe taidic ns tt ehp
il lusinrathed scheomenaboaed (chjin®r o momhexane s i MF and
4br omophenol ,-CrbardmiC®ne r eflBu XDMF(( dpp f XEK, bi s
(pinacol atdg. di boron, 100

Produamas obtained after purifying the crude
pale yellow oil with a yield of 66.3% follo
at®’f he reaction was conduet eadt uannbeire ntth et epmpoett
DMF as a solvent and caesium carbonate as a

aprotic solvents such as DMF, DMSO and aceto

yield compared topobhasemnesn abmdaisoed umsicag bon

My



Br
OH Q\‘o

(0)
HO i “OH A Q
D Br@ (0] O@ Br

Phloroglucinol (13)

Y

Sched®8ynthetic conditReagenfscamiioimdmdBéhadne an
DMF, s C€OM temperature.

Threeaction was done through Wi lliamson's eth
al kyl halhd deuclTéhephS | ic substitution react.i
deprotonated the hydroxy group of)thehplkédnol
turn attacked the pri-dnabrryo ma e asnrae erde scuwalrtbiomg

of the bromi de (tgaoldi elveea vti meg fgirroutp) st ep of

mechani sm was applied twicse itlol wsttradtned hien tsa
OH
OH
0 ®
®O0- C0 @ C0 ® Cs
HO FH s 107707 Cs HO 07 Cs 20
O I ! . HO 4c
S
Phloroglucinol m
g Brd Br

CsBr (dissolved in water)

N
o= OH
R ¢ a a
epeal
@ (A) - /b\/f\/e\/Br
Brt/o o' /Br -~ HO" 77 O § f ¢

13)

Schem®2 The proposed mechani §ime o & y nctoingpSoiusnh sl (061 3
bromohexyl ovvag) camvzicaeeWi d Uti amsoinhstleé hpreseacct e oo
sol vent and caesiumdemar bbratpavotdctaiedbrpeet No ot}
conditions mentioned above.



To confirm the sucitHe sasCdvOMRweh € patloainigsnevelisétlie ) |
spect raonnde terlye ment al albgH yNsMRs .s &%ohweegda e 81 s i 6. 0
assigned to the three protons (a) of the phe
observed at 3.94 ppm, attributing to the si
deshielded triplet wasonlespoondiogdtatt Bed48i
to dérebon lwr 6img uilshset .i t Tkt ®rence in electrone
oxygen and br omi ne caused the first triple
el ectronegativi Ajurathleephakygemubht oml et was ¢
attribixtipmgttomssin position (d) of the alky
wasbseatveld. 85 ppm, ixopresoposdimagpedaiydhemren .( e)
As there was not any effect of métehywlheagdenr, one
a shielded multiplet was observedmat hyl Bep
cha(isnee &.i8guirre t h &l eanpepretnadli xghpeabgdsacs OLBE r ev«
valués #46.55; H,si6émi2btbactaBec wlald 8u®€g9 46 . 85; H, 6.
38.19% adocas s ospecdnmfoimemed t he mass of the fi
val ue/ zofv &llBe 06T

Br

>

Br 0

OQ\b o 0\1\b 5

HO Br Br '

ety 2T 0 D, T
(13) (14)

Sched4bsSynt hetic condi t.iRermgeaot s c amforuwaododifideingnd s ;
but an e(reo-& NkCR, refl ux

Compoubhdeps synthesi saenb daedy ot thiew g ct oprocedur e
Nithyanan’fiae etaaltion was done @ndesi nmdg | dh
selecti veutsaood vreen,t Rot assi um-Coc abh@arsa tae cad ad yls,
TLC showedumhthicemanpd peatisemacofi otnhe The final prod
afforded as white crystals in a Wwi@ahl wmrel d
chromatography withatheaetéebupbspbdEtt({( MekXyEANd



finally from ethanol The reaction mechani sn
pr odurwhi ch foll owed Wi lliamson's ether react
4.7. The anal gysuep'doRMRompowealded two new dou
shifts i n theA aonre@msithd @d ulelgetonwas observed
corresponding to six protons in the position
doubl et has beaenn atetdrac btdhhteatprée sréOn e of si x p
(f). The | ess electronegapeaktAddet i @ental t g5 ul
which was observed at 3.45 ppm in position (
the elimination of the bromine atoms which
Ssubstituents of oxymgeme@dtoimsi.t \Heinmer, ed sheed ,el a
t hhmeet hyclheanen t o be chemically equivalent and
3.94 ppm which is assigned to 12 protons. F
triplet at 1 .c&xd ppm twes 1lmRotprotons in both
chemically equivalent and tamel ti plteséeaéeelw8s
figuie 8h@e .appendi x)
o 9 9 Br ®
j\r
0" ) Oj\i
Br@o/©\0/\/\?<gy :5@“ ﬁ%’ " /@\ 0 /©/Br
K water Brt O o770

Br

Iqoil Repeat

5o —

Br a a
Ul areo iy
(14) ©Y Br

Sche4eT he

bromophenoxy)hexyl ] oxwildbkehizamesomwas

using the
The reacti
conditions

mechani sTheofs yadd Bedixsyd] 61 4
atchhervedacti
sebwtcdnovree ,sop vyteamd si2um -CraoBmasata aat al )
on was perbodbr medcdhpeTe wi mihl d ecEiratitt it @n ¢
mentioned in the scheme above.
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Further charactevil€£hNMRonN fwiarshsdc o malfu cp réaidiu) ¢ t

by showi nge dadtsy e 58 W omMC new phenyBrdinginle6el3
(C=@ , 11BrpbPd4af@€ 60)81 rpmppm th@ al koxy group.
product Ma4)pr bype&haloyneit gpyesahko weidtvial aire m/fz 88 9.

indicating that prodobt a(héy has been succes

B b
\QOQOQOHO/@ (m) O\OQOQOHO/@ X
(14) (15) M6

SchemM8 Synthetic conditionlg6 ofReagempgaeunéandl5co
Bi s(pinaco, &1 ¢ )RdDMspeofnfCK, %00

Produdibwd d 59ynt hesi sed edpht bet ngcpleceosuspdidirneg o
reaction sugges%®&di byr €abt iy aPwla(i depbpctat QGill rywseldv &
the reactiomadwidiehs @piomat oloatfaocpdiy bobomoni c ¢
Thmechani sm f oo M6dgeee & roadungpht i tolmr ee st eps i ncl u
of arylt rhaeldiadagsad i oeaducti ve el i Mheatbioowmns ee e
compoumnvas( Ioh)t ai ned @ayi whdtaefftceB\y Sptuatliskeiicnauiden
pr oduuscitng col umn chromatography and recrysta
di met hyl formamide ( DMF) as the reaction sol
solvents saolHR)s &rMSO gni ficantly enhance t|
a $ hnenic transition states can be stabilised for oxidative addition by using polar sglvénts

The most appropriate base for this reaction

utilisation of other bRG@®ErsCI¢ dhl dnomr es blatsiicn t
coupling reactions o dppé)cwadeuaered!l i hat hdss
asisthe most widely wutilised catalyst cl ass

perfor mance.



Complexes (Precatalysts)
pdd

L,Pd® Ar-Br

g
Ar\B
\
(0]
Red. Elim
Br
e
0/B Ar

"L,
Ar

Oxid. Add

Transmetalation

Br
PdLn = PdCl, (dppf)

IS
Ar—Br = Br Br
g

Sched®@@he pr opos efdorntetcohsasm prisémmgt i on of & omeaptdioonnd 1 4
ofl, 3,r5-C4 46H4.e5,ra-nedlhPplix abyriolpahnrenoxy) hexyl )oxy)
caried out under the protectionl OB TINEG nsaatgi OMFy
catalysed danmdPd (ndvpdfv)eGl t he reacthic pofnazm!| at oma
to form an airrylt hbraetlens dceipedsatteérv e ad d imeitoan | caft iaorny la
reductive elimination

The confitrmeatd torMicootfwma £ ad i eNvMERENMR el ement al
anal ysnassasgett NMRechwr act enewat nbensboakidph
at 1.35 epdm, tatet miebmut36 protons of the ter mii
substituents boronic esters in posTNMRN (g)
spacts howedpaake® 3. 52 ppm, coogedpgommditme thmorto



ester. Further charvacaherelsamemnawaanalysi ed

off, 69. 70; whHi cB. &bocsad Icyw|ladani&¢h & h.e7 8 ofeH, 8. 49
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4. 2Synhesis of MTADF Emi tter

The TADRo(M&as prepared throaghshowr isiynd dlee
Three starting®bBmatepixakzsmuraimahahdiobrriocdmopheno
respectiuseeldy twer styhieer besi smoabmer as il lustrat

Thearv ous conditions and fdotrfhfee rseynnit IhfeasBi st i oofn
monomer are discussed bel ow



(0]

Y o
e GO0 w00 [k
N N N (0]
H A H 0 an I v aict, cs,
10H-Phenoxazine (16) a7
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MgBr v
am (J " twr ( )¢
Br- Br-
(VIID)

(0]
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o HO Br Br\/\/\/\o Br

23
Pd(PPhs),, K,CO;, Toluene, 2,5-dibromophenol (23) N S

THF, H,0

(V) NaNO,, CuBr/HBr, H,0
@E o) <X
(VD) Pd(OAc),, P(t-Bu); / K,CO3, N0 Br < |
Toluene

N
SHNS

(VII) NaBH, / EtOH, 1 ,4-dioxane ’(22)
(VIII)1,6-dibromohexane/ KOH

, . NN
SSA
(IX) KOH /DMF

(24) M7

Schedhdébynt e pEADRonomée&mT hegel |l ow TADF emiustierg was
three starti nglBpateenroixaalzsyramaumei lcy2; edbi | borrointog paheedn o |
il 1l usinr athed s cNhiemnee saybrotwhee tei € ag & & fealr d uttha orequi red
M7 . Reagents (apdetcywlnddc hli omisd e, °@r i2eftihhf)luanminmen, D
chl oacaeteyl Gohl oefif &diB.t » mob rPhhzeennyel, magnesi UBE&EDbr omi d
°C,over n(ilgdjtd., 4, 5 ,-t5h yt ledtirGxnéebeyrl 0| aafhd (| P.PKEC,Q, T HF

ref 7 2. tWNaNO2, CuBrHBr, reflux, 24 h.(VI) Pd(OAc), P(tBu)s, K:COs, Toluene reflux,

24 h. (VII) NaBH., EtOH, 1,4dioxane roomtemperature (3 h0°C ( XVIIh },6-dibromohexane,

KOH, DMSO, roomtemperature, overnight. (IX§OH, DMF, 55°C , 24 h.

Thacylprtoeeddlavia s synt hesi sed accordingdby the
Vander Rdehgehe@.eact i on waas nd a rrroigesdu soauntim oD @iMe rraes
solvenHplewnod®&®&zine as a raw materi al in the
crude was purified using col ufmB/ EAromailpgraft
t hhelacetyl phenoxazd amlieialthisg a ypiad led gafe en0 %. The r
proctebkbdeugh the acetyl B-phenoxeaeadaideeiodndelt ovre ie

whiicehonsi dered as a typeeloifmitrhat inaurc | reeogpchtiila rnc.



involves three steps, starting by the nucleo

by t he niHtprhoegneonx aozfi nleOawhiict e op b ittle a$ or mi ng

CL0 —o- QD

10H-Phenoxazine (1 6)

SchedhdSynt heti c conditiPReasgeonft sc oampdo unadn d(ilt6i)on s ;
triethyl arfC,ne24 DCM, 0

tetrahedr al i nt er mwehdiicdotlel s(wseede bsyc hedirticoridmalt2i)o n
resulting in the formation of carbonyl group
ot he nigt oiodgeepnr o thoyn attheed nucl eophi |l i c attack of
the triethyl amine, reelser | pprsogonl usttmeaat eldi minn 4t
bel ow.

0 cl.
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Clﬁ")CH;; CH3/—\
Cl ~—H

@ — U0 @E@ »@E@

10H-Phenoxazine 16)

Schedmeé&l he pr oposefdormetchheanpecsempao afi ehb6edcti on mect
proceeds through the aHpherdaxdoinne earcd itome bad iwe
considered as a type-edfi mimhat i noc!| eepbil d® & odiatf
acethyelnoxazine.

The purstryucafoudrrepounewag 16pnvfiiti malMR, where t
di sappearance of broad si agéwtsiamgl8et20appenan
ppm, a@tttthieb ptr esence of met hyl( spereo 8foifhgdu rien o mh t
appendiFuyY ther charactwinsasat s pgrcée&aemeén gieced o
oR26. 12 whitdteh enant ethieda | mto hpe ouwluan weight of
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Schedm&ynthetic condi t.iAdbnsmi oumcompoundeg( Irde)ydtuxl,
3 h.

The syntphediuscn affeldygelyl phenoxazine was <carr
mo diefdr ocedur e r;,d pgermr’tP@&Tch ebyr eMui red compound W
yell owi sh green c9r%,s toanlcse itnh ehicgrhu dyei ewlads opfur i
et hyl acetate, f oldwawedr atgiodhnt waftt etriinment dadnhg eatn d
prodwhatihdreganyefurther Phieidhemitd @ln mechani
t hi sacwaasbni €dalf t s acyl ation, which ultimatel

requprroedduct by a subsequent hydrolysis proce



(A) Fridel-craft acylation
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(B) Amide hydrolysis
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H-CI: + HOH _— 9@ + Cle
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N . @Q_H,J
C[o _C-OH

a7 1L

/C~0H + HCl1 (Hydrolysed in water)

SchediefThe proposed mEchfans smcy¥lraec@@EMmhef clcempoaln

mechanism involved i nCrafitss raeayltatoinonwaswhai cFhr i weldt
formati on o2dacteheg | pdeunbxadi sebgdgyentThe dired g/tsii an
was carried out in twbr i m&€dalanbssadicaynisdt ehpysd rionl cyl sueds

t he f jlr,€ltl 6udht eenpo X2q ztliOnyel ) d iweatsh afnoormmee d t oget her with
I'n the sthendeguotieped probvodh wasetobtacaeddawas iy

byproduct s.

Il n the initiaCr sfttep adylt &tei o, ealedwa sn ieummp ltoryie

as a Lewis acid catalyst to facié¢sulatedtihme

MMy
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nerati onwiafh ehorearrbomhi | i ci ty, known as the
e nucleophile generated at the para posi
ectrophi)icTharebar é€iCeafotmatsi prmoiatt , an in
own as cyclohexadienyl resulted from breal
nd of the targeted phenyl i's regenerated,
talyst throughydhegeh i imomafgiboe aff omm owned
bstituent of acyl group, resulting in the
st step ofinvibé vendchéamri suait lail yateidonamofde adi
sulting in the -sscyenttyhlepsh esn ooxfa zihree .d eTlsh @ edu r2i
rget product WadNMRomhiat medsbhbywhleee a broad

.42 ppm, assigned to one proton of the ami

served atr ezs.pdodndppnng, tcoort he t hr(exee e Bfoitlgdinrse o
t he .apkhpwrntdnexr) anal ysis was conducted vVvia
| u€sr 40 f7 0 ; H, 4. 90; N, 6. 15, whCch7ag6®edH

4. 92; )Nff 6he 2t arget product .
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Cyanuric chloride (18)

hefie5Synt het i c conditiBeageonft scoampdouadndli8ti ons;
enyl magnesi um°Chr omieden,i ghhH F, 60

e proposédasrymrmtolcesdios ecwas( Ir8e)port ed? FheZhong
action was carri edo>2o0uwtsiuwmmgderh et hheddp nacht heac triea
action was( 1t4r%,a tt6éedd fndinan KHG@Gle r evapdoef i whdi abi
l umn chromatographyPwi DEMf hd: § 2icehd #gdri B U
phengr5 azi ne asaya ewhli tod SBdI%.d linnterms of

eps weltln e styhnetod vemElsr equired product .viTehe fi
free radical reacti onwhihah gQemsiratt € sofa tGwo
il lustrated in scheme 4.16. I n the first

omi de) Wy sr eacetaitregd mawintels i bmo mab enn agmlear gen
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intermedi ate. The second step was achieved o
t hceywanuric chloridempyaoehndainfetcdhtl Bedoit mhm-Iged | 5

triazine.
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m . . . Mg
O O e - (O

Grignard reagent

(18)

Schedth&&él he proposed mec halnhies ns yonft hpeesg dsiicchef b (jt m8e)

di phEn¥Ir5 azi ne was acmeehadilot thh st eppsst step,
reagent namely (phenyl magnesium bromide) was f
bromobenzene, generating a polar intermediate.

(Grignard reagyanyr iad taklkedi dameyd wednd.i ng the targ

The chemicalcosnpowatiargel @fnvfiivarame cbhuasr act er i zat
techsi gonelHuNMRENMR el ement almaasalsysicsd Tlaeme t r
anal ypsriosd uoaits ilMGBIMR showed three aromatic sig
doubl et of doublet was observed at 8.69 ppm
position from the new s TUhoesftfidatendfs stfr dwep eelh
resulted from tibnggherioazihoe phioinperad a td ® wibfei el d
addition, two triplets were noticed at 7.638
and four mespepseeehpggure 8. 1Pheée nait@NVMRpyend
al so condtimruwefiductagmepound (18) by indicating

MH N



172.6 ppm, correppandiomgat omshatt @wohed to t1I
oniepsar bon atom bonded t o mases cshd exsrhiontedndy tersyp e
val ue of 268. 09, veri fcyhil dgdoit hlek mpltSeani ae wei

NH,
)C\l
N"SN 0
- j:OBONHz N >N
N - L (0}
Pd(PPh;),, K,CO;, Toluene, N + e
a18) THF, H,0 (19

Schedte’Synt hetic conditiReaageonft sc oampdd daqradn &itDi)a nest;r
t hyl-di 8x @b2yrlol| aamd (I BshekKQ, THF, reflux. 72 h.

Compoundna(me®-fy4a mi no p-h edbiyplh e ng r5 azi ne was pr

following the synthetic pPbhedueastirempowasd
undepr &Nt ecti on, using dry THF as a solvent a
product was obtained once the reaction | eft

compound (19)ieawas aptwi ohi evd t hedeyegporatbieahneopf
sol vent readoctc or oh otaan twaaiséhmi2n o p-4h eddiyple nd | 5
triazine as ayiwéal deofpowt&r wi hhourteguiyh efdur t h
mechaof sSnhzeukpl cog r eactciims ¢vhaes f i rsit NMMRapt er
analysis confirmed the ¢ h@®anoi cdad u bsltertusc tauprpee aorf
ppm and 6. 7dd pptmheatotabubf f ovorr tphoost bnen aw
the otdre heetpaosi ti on of the new substituent
singlet was obsemwaad s a gtnwaelw opprpont ownhsi ¢osfe ea mi n

fig&urle3 in t.he appendi x)



NH, Br

N| °N NaNO,, CuBr NN
N’ > N
HBr, H,0 N

19) (20)

Schedhée&Synt heti c condi t iRoenasg eonft sc canmihda NeBodnCdfi Bti0i,)o nHsB;r ,
H.O, refl ux, 24 h.

The synthepbsnnoafmed(Odr o mo p-4 edfiyphyEng Ir5 azi ne wa
carried oamo diigbrloccveidrug e r e p o rPtTehde brye gTwainraekda per
was obtained as a whi8i eo nceewdtelre ionr malley npeulrd f
chromatography whdax¥a@GtddCeé 4elldentThef prfoprosed
produwoinmppp unids (b2abs)ed on the Sandmeyer reactio
t hat generates aryl halides from ar &l diwazon



P
L HEBr ® H
0=N-OH —> O=N7OH, M9

~ @ .. _® .
U_/B_;‘: —_— IN=Q <> N:? + NaBr + :Br:
O=N-0 . S
® Br . L
Na Nitrosonium ion
~
('NEQGD 'N"O: 'N"Q
N @NJH\_,() N: Hfb'(’a
@ (P H [ ) H

— — >
N g g
©/\\N)\© ©/\N)\© ©/\N)\©
H\ /\(} ) . co@H
@,OQH ‘N - H H-ITJ

N:

NOH
H N HeNe :
H R

P a— P a—

o oMo oMo

N=N
N
an
Br-CuBr :‘

Fo oMo oMo

Diazonium ion Diazo radical

Br

(11 /\ - ©\ﬁ Nﬁ/©

—Cus NeN
Br CLI)BI'

N s
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CuBr + N
Precipitated in the
aqueous layer (20)

Schedh& he pr opos efdo rmetchhea mpifrsempaampdTlihee a(c2téigohna ni s m
for prtoldaicri enquiirse db apsreodd uocnt t h ewhS acahd mgsper of e satis d
reaction that generates aryl. hlahe dmesc Hamims nariyd v
synthethclsastlepg t he genérratmimre adfong emdar ati it m @ st
Secomddlagoni um savitawhaise peloe ot redpThhiel itwhaisridt msotlsaomhe d
the formation of a.wiitalz or esapld cctalt ca nat HCeaur( | the Blran i
bel bora.et | as tt hset pMymii m @ @ edbiyp ENF Ir5 4 2i00 e



The mechanism involves foubbr smiamgesi;ord iarmsd]|yi

once the two protonations occurred t hrough

hydrobromic aci d. Foll owed by converting th
nitrosonium as il lustratetdhe noxicthaetmeo M. slt9at e
undergoes a rise to +2, facilitated by the
diazonium salt. This elecofroa dransfeadreslil
the broemoamdattedCuBr , | eading to ¢t blet ifrpartnealtyi «
nitrogen gas iIs released from the diazo radi

Cu(lz2t pBregenerate the Cuur(oldu catnTdd éoCmuttdai INWRi,hse r
el ement al mamsal svpiesuamdzesfryl | y approved the ¢
prodcNMR reveal ed t aler ddad apipreqiratmrcamiode 18 |
group) (NHn addition, the two doutahnedt siewwod i c h
pr ot onsbef o monpghreomugpk € d easrhd ed pdypteda8r.e6d6 .7@R2p rp pamd 7
t his is due to the inductive &effect caused
characthkeyi eméenbal anal ysiG, s6hdo.w8edd; thh,e 3v.an lu;e s
10.%98himeht ch the calcul ated values of C, 64. ¢
required pr oducna s sF usrpteechronmepdetarkyg lwwiesnbht ue of

388.04, verifying phedsotcé&b6jul synthesis o

The next step i MADRenpmepat a® ohwmedthpomedf (17
wi tbmpounvdaapabD) ecchititarbhpapti ng or eo@d taid oncTthel 2 1)
syntpheocecpoEwWedn 2éfvas!l foldmowemd tahse scheme be
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K,COs;, Toluene
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OU0 oMo

(20)
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Sched@dSynt heti c condi t iRenasg eonft sc canmpdd (cOpdrceBi @i )o.n s ;
K:CQ Toluene, reflux, 24 h.
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coupling reaction (catalysed by palladium) w
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Af ttehre modi fi cation of tbeppathtsaiXxilijdadxivdedtyi c
t he pall atdhreens.u € Nampiye & ovti epdin e n 0 x(alz7i)rDee pr ot onat i
ultimately eoedchedadti Vel élowalh en artd opini,r ed ¢ omp
successful synthesis wvwiflld cdMP,0 uenlde ie2ntha bvsaasn asle
spectrométer WMR anal ysi s shdwedad hei nglsatppat
assigned toof bemamionnend AddT )Y i onal | y,pedaeksshi el
werodbsefrven 7 .t363. Opspnpp m, verifying the presen
protons. Further mor @,pm coirmelsepto nadp mega rt eod t ante
the acetyl groupsea . hlghumpthlamoMppendipe)tr ome
anal ysis al spr cadbndiasmzpb)ephaedi slucokesefwubat iyol

accur avel masasf 533.20.

Theestage oft feAPmpanomg@rs achredadttingn cafr bony
groucpompnound (odltmedmBdlhi spwapfacgleldowi ng report ec
procedure by ?Kamogawa et al

SO, SRy

NaBH,

-
EtOH, 1,4-dioxane

Pﬁ =N N SN
_ |
(22)

21

Sched@&€&Synt hetic condi t iPenasg eonft sc canmpla BehlodrEd(i @i )o nls, ; 4
di oxane, room t°€empérhbj)ure (3 h), 60

The reaction was carr PCed ucsutn ga ttevwdi dsom llovoamddst i
di oxaamnea meadansdadi um borohydri de medacuededuci |
compound was obtained ayi eglod defn 705 .a¥gaes acmroes
r ecilyisstead f r/poemt rtooll esuenm eeutihéeer r educt it dioea rmeeccrhyaln i
group iocctuwe steps. Firstly, the al koxi de i
attacked by t hHe why drhi daec taendi arss) (hHic $ evnvpedd f e 1

by the protonat i ogne noetr ad heeo haol | k oaxsi diel liuosnt rtaot e d



bel Diwe conf itrhiwiam alo ns tofunptow rmea cfodrd Jibryke 8 MR

anal ysis, where a quartet observed at 4.59 p
car bonmMdatiam.onal | y, a broad singlet appeared
(OH) @gsee@pfigure 8. TBisnishendppedndbrjir med
oftompound (22)

HBH

CRO¢ TR OQ0y

H—O

oC oo

(21)
o
CL
N
OH
ONa -
(22)
Sched®&he proposed mechani §imef oedouacmpounndiech2ni s
group occurs in two steps. Firstly, the al koxi d:
t he hydri)dewhaincihonac(tHed as s)a. nukil £ owars | feo If Ir mwne d BhH)
of the alkoxide i 622)0 generate the alcohol

As a part of prepacbmg ot hvea sT Adrke praorneodmea G ¢ O r ¢
synthetic procedur e$®Reegpantghed repctHisdpBcend,i
di bromohexane wdsbr emambenrwltthle 2ir@ ttehcet iporne soef
of anhydrous DMSO as a solvent and potassium
The reacti on Wao mgp lvaeind d2edo nhseitushitessr | of & aceatt iT dorn

crude was purified usinmglwcclhD@MdfekEr ohmatl®@gr a @
the required produahi §R3yi alsd white6®rystals



Br
Br
D\ 1,6-dibromohexane
HO Br ’

Br\/\/\/\
KOH, DMSO (0
2,5-dibromophenol (23)

Br

Sched@elSynt heti c condi t iRenasg eonft sc canmpdpdGcnbdn d(inPb3h)e r a n e
KOH, DMS O, room temperatur e, overnight.

In terms of the struchyH aNMRec osnhfoiwenda ttihoen ,d itshae
t her oad singl et awa e55.s60gnegpm,t owhtihceh By 8r oxyl
di bromophenol . | n paedadkiesr ieombstemvea avi ¢ matdii d f
doubl ets and one doubl et of doubl et at 7. 40
correspond to the three protons of the pheny
and 3.46 ppm, passtiogmnse di)rtoa@an t(wdCwWo pr od ons f
respectivel y. The more electronegativity ef
Further mor e,r etbvsce ativreidlp pgotms awel 1. 64 ppm, corre
from two methyl ene gr g upasndn efioguhrid aparmh enagn sv wa | (
met hyl ene groups 2nei §ghbouotalg bhowmp&f GQehivepr ot
successf ulcosmpmtuméds g &2 B).f lgfuhreen a p.p eFnudritxh)en aanal vy
the el ement al anal yscosmpoounpinvh i (ctddl) ¢ aeegr ecasrane
bet ween the measur ed tehlee nveanltuaels poefr c@,nt34g.e65 ;v
and thosdgC,cad34£.ul &t eHd,. 3. 64; Br, 57.77)

Théinal Sptreepptairot teb é&r e qui r ed MJALDFv arlomeodnetrh g r €
oft hper oducwi t(thpe2 o ducutsi (nNW3e)aebei oni sacmeéimeAdadin 25

modiesdy nt hetic proceduf®varse domMilBdvseliy wiedo t evto &
under the UV | i gonft .¢ hiepeco gvwaecst fa cwhait @ voend u s i n
chromat ogt beg hueD@MY! P E, 1:1) foll ¢dwemetbhya nrodcr
affording theayalllgew mowodenreri msa yield of 74

MHY



Cro, v CL0 o 1,
Br{ Ao g

3 -

KOH / DMF

N'SN N°ON
shae Sae
(22)

(24) M7

Sched@é&ynt hetic conditiMMRRe aogfe nTt AsD Fa nd@HnEdmeEsBi t | on s ;
°C, 24 h.

The mechanism ofst hbBi sameamecbanpednd ok 23) p
structural confirmatMMonwas ¢ hecdNDiEuU IMBR paneh i
mass spea@mmoneelternye n Clad r aacntael ryisdHast N MR sulso wmegd t
di sappethbancaed osfi ngl et at 4.19 ppm, which cor
t he TADF( prmoddeucydnfZ2r)mi ng t he succaesasctofont ae
synt hesi snonlheie MADEoOoOver, a quartet was obseryv
the one of the TADF moiaest yi Iplruosttornast eidn itnh ef ipg
addition, twbseatvpBe®Bgd weme and 3.23 ppm, CQ
protons of the two alkoxy groups in position
of the al koxy pr oteodncss time piomsdrtd asne (gf) ,t had terlie
et her group compargerdo.iElpas memd ad | iamhG,tyisgi5sel GvearlH
4. 55; Br, 18fé60ndMNes&. oGt wdudal ntéettke 6 4 . 62; H,
Br, 18. 4f0atrhd, TAD&#5 monomer, which indeed app!
required prodteass Us p erondavt eatabhiget dvy@8lb66e 960f verif
t he siurcctelses prfe deaoyteitie n

MH



Fi g2’ NMR spectM6anoGDTHOR~E (8,5 Hz, 2=H)6 . 58,. 813. 4 dH
4H), 17.%9 (m JH)8. ¥ .BB, (IH)8. 46,. 92. I dilz, 2 1H)Hz 6.
1H) ,i®.dB8 (m, 38y ,7.66,645.(&,ddb. P7HL m,2RH)E6 6HM41BDAB, (
1H), JI=8@. 4tHz, J2HP, 43H23 B=H)1,4.10.,766 .(7Wn,H29 2 k) ,
6H), 1U=28%.6dHz 3H) .

4. Dedi gn and syntPmesiPoGn@3P 7pol ymer s

Al poHiylhmdee se synt hesi sed and esdyenstihgenteidc fporld coe
of Suzuki poHwasnpdeenpdaamd nion o 2am@E5 @ oamfpar ed
t o MR @& nkl&hi ch werocen pc @ pmodadtfier ent sofMlar r at |
( TADF) i n t heimol s tsiccadabcotMiZM6amhidét o d B SH 7gn
anklaver e 45:50:5, 40:50: PCGwhaincdh 3ifGrocs Qual2eddr rae¢ S pe
t hTeADmMonomehaM7been prepared to be e6mpared
whi chdihfafver ent mhldADmonameos of















































































































































































































































































































