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Electroluminescent Device Applications of
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Chapter 1.

|l ntroducti on

1.Q.ganic |ight emitting diodes (

A display omednuimnt bamatctompresses and vi
S nce the spread of cadphmpaien ¢thhyaditdushe® W CRT)
halseewol ved i n t heoldarr eicnhp loenmeonft aftuilol n , res
enl ar gemearieaand t hickness reduction throuiq
As tohfe 2020s, OLED panels are widely wused
are in an industrially important positior
receelveecsamodnisol es from electrodes and util
ener gy toofnsexgcener at ed cthyac@ghed ihalo thd égmiat § omg o
| ayer cemitmamemigal

The wearliest fommnobnOdEDh@We Cacdamgp | e
structure in which onl?2fha Hdeghteewastidng:"
directly injectingpopfeimeeimmg, HaxwdHiggdotmbi ni n
emi tftrionfggemi t t Brr ough these fitm@iEBEMay it wa:s
begoslsapt f oinndu i sigéileSudb.sequenbived arvi mpr
structure mo d e | was presented through f
performance rvagpd i mysotrgtevueddi es have shown t he
wheeleecaanrdkonhol e are combined is |lalmited toc

ovehdevi ce. Based on this, charge carrier



addition to the Iight emitting |l ayer to ir
the device, although it does notvideieectly
Additionally, a charge carrier injection I
charge carrier movement due to the energy
and the charge cablroekd yweyra ntsof epre eleaaynetri,e haen d
transfer |l ayer from receiving energy gener
the gener al structure of OLED devices (ol
combination of a transparent substrat e, a
and a met al catFhgde At ds AsBownmen it i s ob:
generated from the |ight emitting | ayer c
Ssubstrate.

Each el ementi nhioased idreevcetliooppnedt o make highly
deviicrecsl mobndft hgcgetrians pmat &% alqil g orhen't
mo | e coulbaern a b gy c istt eedne ¥y, ohi dfcbhoentrati on
g u e n cnmei cnhga mifesmriss b yagomp | fo-dgp aytsti eenmi t t i ng
| ay®%Among them, the most eawitthbveedirgisaelt idi ed
I' n OLED edneivditoeeasn, di r ectd ararideae igween eatadregd i

hosts tmoatth fleergnht t i nget¢t @aiyee emear gy gener at

the combinatciaorsr i ®fo gleaegate | ight. I n or
|l umi nescence to emit Il i ght of the desire
actively being conducted tocedenttbdbychhnrg

t he chemi calemittrtuecrt ur e of t he



HIL

Cathode

HTL / EBL

ETL /HBL

Anode

Figat8tructure of OLED device.



1. Phermally Activated Delayed FIl u

When the | ighlgtr osmikttteerr eicreitvlies ener gy al
emits energy in the form of ' ight through
retur ngsr oogoh dEthhde.st ehat have received the en
binding energy of earci bbn e ewvairothaewmdased he pr
e xtcasdt afwh i mihl t i phl cedya singlet or triplet
configuration of the elWhcetnr @ahisradclioamesattiitount i 1
i s causedsbygtiistasi pdl é€twhoiltesicencauyused by a
statiet is called phosphorescence. Most |ig
emi ssion in one mode of phosphorescence al

I n the driving sitluadtiroomnsofanOd EHo Ideesv i wie
spin arrangement as el ectamnThuwy,e stoarbii stei
a singlet excited stdtge neacacwndtamndf ar t25 9 |
excited stat e!®lcnc otulnd nsil tiftgpihn g7 9%y @pamtf t he
system, since the ecalbijterean stips ritHmertt e otsHael ¢ h a
t hemi twheirc, h i s t & eeedwaepfgannanmleo.st Namel vy, t he
fluorophelineesistiendght at e of t he hersstt emai nly
resoraredcgyrnshed t he phroesxpchitotre grleecte i syteadt ea o
host through Delrnt etrhiesn egprigoyc & srsajntsmud | sit at es
ar e not necessarilpnuaed ©Hoscdridgehd 1emli e
muptigsubyti tuti on process is applied, res

exciton euftfiilciizeantciya n



I n order to over coplei &lhltesgtei tlutmidmtpromcse s
asr i-tprl iegan reith {TITgka nhdyrb r il doi ezaedcth atr g & (L @Tr
have been proposed. However, TTA stil!l h a
fully wutil i zn® rteaxecwatxacntdr eghhl setteka e substi tut e
a siexgerndgl eterget bodl-¢d mer dqiy gdhxci ted st at e
ri sks disintegrating the bonds of the el el
the emissiondémamdr. aT lpthso,t otpthey s i ¢ anl mec han
excist emdjdteen cheacittre gl et wiatnhidyl naewo neen elr gy
emer ged.

To r etahliedzmhlot oppyoicegplkeopl e focused on
di fference of the excited s(ipgl &t tgpdcalt
organi c maoEseocfu |l aep phracsx iama t a,l gb W0t. 5i nt os dme Vo rsi
mol ecuV akweehieasses to 0.2 eV or close to z.
thermally activated del ayed fluorescence
spectrum as falsutosr ensuccehn cleo nagnedr It han fl uor e
TADF | ooks similar to phlosd siwo bodms eefmeone i n
mi cr osseccadnedot an emi s6i @m n il fubotridmrecoemmfc en s
excited sibgl eunlseleeemhbeswho h a separate
from fluorescence, the existing emission ¢
I n addietxicatnr,e gtlheet st et estaantd talrest @enxecghlanged
and the energy itsi mmg dfi gthles spiudpbi@écd iy t a

sSsubstitutoolhépooee €9 me. C. Adachi report e



usienmg wi € h TADF ¢ ham@amaec ttehre sltii mmist aotvieancs o f
efficiency of exi2?8Stiinncge ftlhueonr, e snacuemetr oQILSE D se.s
the world have competitively reported OLE
efficiency usingewmas??bus types of TADF

The most i mportant thing to consider to
i gEstlitlsnowhgEtd sheor etail cdlloldy & deiegnugalt @ lonw,

Q

30 CO %o %o
| 2

%o %o (0] 0 2

whi c#élir epcrtopyorttotoo n@d Gt her biovekilnatpegr al
Therefore, i n gt dOMOo amdn iLidiMOe must be sSe
separate spacesOmihdethlihernfd hueo rméod ceeericdlea d e s

mo | e courlbaicth alf geolmMd MQ HOMOwhi mbanstsransi ti on
possiiball pd yporttdi hmardlovarilnapeheadef or e, TADF
emitters should be designed UM®O totxztur Sp dtoi

an appropriate degree between the two coul



1. Betailed photophysical mechani s

Among the contets mentioned in the previous section, thé Bype of TADF

phosphor has a lowest exaitsingle and triplet state based on an intramolecular

charge transfer (ICT) from thdonor part to thecceptorpatAc cor di ng t o EI
Sayedintlkeesyss(€linth@)i fficult to occur bet we:¢
with similar types of molecular orbitals,
TADF phenomenon, an excited state with a
be as?dinstceodnc Hweeil omodal 3describing the cor
three €TXTTeslamtli s commonly applied to the
desi gA oyp® TADF phormsemh derksh.i blint idnegt aliAID,F a
properties requierdersi p(llelt tshtea tl eo wheasste de xocn tL E
ti me giEgpalolr (2) tdter ilpoweets ts teaxtread vhea sseed on | (
| SCr | SCpteépnrgeceded by inter@al doEnversi on
These constraints are Igteymwetral blyuea pPADF dp hwd
wi tChT | evel s of demeragaymegi ooi | parte® with LE
|l ocated in the ultemasitehewi nggeroel Hewe v &
characteristics are repdrt mb et vbeahslevdiTen t h
and the | arge enéQTgy hiit f Emma ler esv #ibdEd we e n
is diffiwhédaaenvoe noficieaued!|l mddel s do not provi
evidence. A recent study has rcapdryted t hat
excited 8 aween -btalseexdt ETetggh e tri plet state

For this phefanyepneo nT,ADDFh e hbsphor is placed



with appropriate p&lTardihidyameadl ¢ hah @heaclgd e
supported bgrt bedfattbipen Afh8lo grealll eecul ar

systems to prove these findings have been
exi stievel 3 model have béderwvedvenoderme dtelsrcou d

correl aenonhbet Wad <Shattelsr @dgh experi ment al



14.0bj ecanaitelssontehesi s

Fr anmper e vietuisbABE MIi tctoeugledtt t r & ¢c mim@am e mi ¢
anidnduat £asehlel t immoadiedt mi f ocEDh acesearchers
att her gaemiictf ti elrladbee emepomnmteiwrognbi nafdiomios
acceqpteotrer ¢ anrwlntsi r elsaddintbidomMa DEmMI haee
beeasadoanbmpremi i hdlrei @gmi tlitaybeget] asmssi st ant
dophaatonvenftliuconpstia iceha l Hyepder f | udea resaotéiniciet. y
TADEMI | ustiitfshpedrit mmerd o rdmastpilicay d .

Al t h awspbgteheex c it r e ghtl e e uc bak TADPFr oces s,

i serut imdaziami wasihomphet oping 33 « raénmeretd s
spedirelati medtdd Hiregp e ndteuadrydr y o gneenaiscur e ment
whilcehdb ac# e s crdfph d toompohkyxsciitcrsé gptl dethend tsud vy ,

mo rdee t asitlusdtyhees s orecxec it v egptl eI A DEmi t t ebe woul d
descwi Beédofeast er i al s.

| €hatp 2,1, D,x4 diaaczcodgetldbirp h e n o xdaoméorues e d
t ona kaeg r eleingghmi t D-AhgdA&DmMmat eanadr iaouwxsi | i ar y
c hemgrcealrpent r otdeutcueddyn defMARPFr oave s ghé Ini cat el y
t unedrofenat erEilelcd croatli mgt h yglraommimpmh@ t h o x y
groapeéel ecewtirtohnd rfalwiignrgott pi f | u ogrrooreptadh ¥ Ir i |
gr oaurper e s e mh a dffsea nidnt emiIsf @ gé¢ endnea t eFri @arh .
guandhemacla | ¢ ud nradad en ssttaupdoys, srilbf@eo ¢ enfad t s

2-l em®Idaerset at ed.
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Chapter 2.

1, Vx4 di azol e Acceptor -tfoor Ef

Green TADF Emitter

21.Research background

[ u

ef

do

Emi ssive performance of organic |ight el
ceiving the mMmd<Etbed tatt erdt isarudamesng I n the

oved that the |l uminescence of organic

vitaed ,t he | i mi't of efficiency of convent
ercome in phoXdwhwawesdantt OLEDe emi ssi ve
aditional fluorophors and phosphor s, or
nerated in OLED devices could be wused, v
ficiency. In order tfol sodoghartheutiislsiuzi, ng
tivated del ayed fluotaesTADEeeWiTADE) swasl
cited ti)i pclaent bset adenv(elrt ed to tihe | owes
rough rswstresme dmasesi ngx¢irt €3 , camom bodawt i
mi nescence despite being a fluorophor.

ficiency OLED devices us%®ng TADF have be¢
To activate rlI SC, TADF emitter uses a m

natg moi ety (donor, D) and electron with

15



directly coAnleicntkeadg.e Tahlel obws t he separati on
regions in the molecule, therebaynd elduci ng
(B2 Eth eard o control the characteristics
can be chanfoed tbhaesj acght yon of the entire

controlled by introducing a phiélmhydrering &k

would be also a design strategy to i mprov:
functional gtoopsetkatroancceonolérties, b
I n t his chapter, vari ous types of f un

combinalt,idrbadifazol e HphhremroxamdndaOacceptor
2PX@XD andOXmXZ which a-Aet gppdelpheorstphbDrs t h
have already beéHo weedeotr dibldtdopmgahpemil sm
counlobte ot che 3§ ywi badve i ieonoddied heenelk gpé |

t heexcistt adf@ XD XDverfeafrr emefgym d,xdadiarzdl e
lBphenoxBiginetroducing functional groups,
coul d be delicately mo-A i fcioend i Wearti hoounst ch
derivatives could be obtained from the mo!
the existing synthesis scheme i f appropri a
menti oned advantages, it was possible to
OXD while maintaininpgddiAddDyrppBlaergeldel j sti cs
considsetsecnrto tthied DE har actwe rtibhshiwiec ® g ar get

mat ec oalgder f or med.
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22Experi ment al met hod

2. 2Malt.er i @& rst haensdi s
Al l target material s ved reep o yemtch d soinz e
benzohyderaizviatei ves as r éfdmremeéfdoari 8s yt rhteh erseif se
ot htear get wweanteea d ad s fpruornt hcaosnende r ownii @ lh osudppl i
further .guwilirefycdorado manogL@gp ftsd ¢ eGc0a25 4,
Mer Coaphdi Igieel@ parstiiGcd0e®3 20 Mamc awd ues e d
t p udgheee acptrioogar koo | wrhm omat pgraphtcati on.
Chemisd a lusotituhfee t @alrngeette we redsss | gyaead | yzi ng
nuclmaagmetebonaNnVkRep e cmarsasy e @atinelh e meamtadly si s
( EAM)att®*NMRdat a of the target mat8l0i0als we.l
(Bruge™)NMRdatvar e r ecor d5e0d0 o(nBMAavkesnregep ect r a
of the tawgethtmnainetMB409DLR EAQEAAT car bon,
hydrogen and nitrogen of the target mat

(Ther moFi sher Scientific).

Synt hEXsD of

To a dehydbroattteodmerdo ufnldas k connected with
mi xt u é rofmop-bepmegtdy B,xAadi(alz.of13e g, , H T4 mmol
phenox(alzilte g, , 6 bIZ2ftmyl phpaslphadiey m( 0) as

cat g13y0stmg, 0. p6t tmabodithorxi .de6 g, 10. 34 mmol)

17



N-N N~y N~p
ass Tans 8
/
N N N
4’-DMAPXZ0XD 4’-MeOPXZOXD PX7-0XD

F

N~y N-n N—p

Doy oy O g =0,
of o o
4*-FPXZOXD 4'-CF3PXZOXD 4’-CNPXZ0OXD

Fi gu-t. € emi c al structure of the tail
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anhydrou(s2 ovdige reef |l uxead mosgéeéerenéit |l ed wi
24o0Wmr sAfter the reaction f idnoivdnloe dr,ootmhe m
temperature and the sol vemes swmalsk prweendo vieyd

extraction with brine and dichloramethane.
and concentrated under reduced pressure.
purified by column chromatograpbyhwylh sil.
acetnhtex @mev 1:5) and recrystallized from
met hanol A ¢ pahfethorBuxsldi2-g £ » b hleBhpyhhelnox azi ne

(PXDODXDP as yel (lowépgwdeite INDMR 6(73.030 Mb)z, CDCI
G: @d388.7 Hz-8.2H) ( m87 .2W) ,( ™,-665819 , ( B,. 76H) ,
6. 621 td.,&=H2, 2 Hz, 2H)7.8=092, 6d&&, 2H).

NMR (125MbBa; Ch6l 13, 164. 10, 144.18, 142.
1290, 129. 39, 127. 23, 124. 16, 123 .-97, 123.
LCTOMS m/ a:l da &bokts N:G;4 03 . 13;[ MFEbHOMdd. 1 880. EA:

c au Icaft cepdds @30;; C 77. 41, H 4. 25, N 10.42, foul

Synt héd ®MAPXZ OXD

2-(Hdr omop-bedymet hyl anli,Bo)pkhckingz2q9gl e was u
i nstedddromod-bepmgtdy B xdadi azol e. PalHe yel |l o\
NMR (300MHBZ,8. QEHGI .Hz2 HB, 0 =9 .Hz2 HY , 52
(=8 .HIz2HP, (=9 .Hz2 HP, B5686HH, 08HF7. 8

HzL=1.Hz2 HB, 0 B H}E NMR (125NHz, 16BCIB4, 163.

19



152. 69, 144. 16, 141. 95, 134. 05, 131. 85, 1
115. 87, 113. 47, 111. 8FEFTOMSA/:Beal 4] 22 edcod
CasH2 N4O2; 44 671, foMa47. 229 2. EA: xHepu®O;cuCat ed f

75.32, H245897,f dund; C .73.80, H 4. 84, N 1:

Synt hd Me©OPXZOXD
2-(4r omo p-b-emgt hoxy-ph@®&xsld) azol e was used

2(dr omop-bepmghyB,xdadi azol e. Pa.l%® W&RI ow poc

~—~

300MHz2) U SC.DECH=8 . Hz2 HB, ( W=9 .Hz2 HY , b dF

8 .Hiz2HY, 0 &@=9 .Hz2Hp, B7 686 Hp, 08H=7 .HBzL=

=

H6z2HB, 98B HFE NMR (125MHKHz, 16BCI08, 163. 64,
144.17, 142.33, 133.99, 131.94, 129.77, 1
115.92, 114.82, 11I3CT40MIS nF:%. t&.l c clodtdespr 4
CoH1N:Os; 433 41 f pMAa®81998. EA: caHeNOzat@d for

74. 81, H 4. 42, N 9.69,. found; C 75. 44, H

Synt hd&FPXZ®XD

2-(Hdr omop-behilbdrophdrsald) azol e was used i
(dromopbemghyBxdadi azol e. .Me INNMRwW ( BdDWMeHrz ,
CDQIi8. B@W=8 .Hz2HB, L BHF9 .HzL=5.Hz2HY, 646,
J=8 .Hiz2 HY, R &@l=17HA2HP, B6 66HHP, 6 RHS7 .Mz,

3=2 HZ2Hb, 00458 .Hzk=1 .Hz2 H}E NMR (1258 Hz, CDCI

20



a: 166. 16, 164. 32, 164. 13, 164. 12, 144,18
129. 49, 124.01, 123. 53, 122.10, 120. 31, ]
col ddET@HISm/:z cal culsldidFdN; 42 br 12, [ Mot]n d ;

422.1833. EA:xHeFaNOr uCa74d10pr HC3. 83, N 9. 97

H 3.85, N 9.96

Synt hé &£€FBXD0O®XD

22(dromop-Behyt)fl uor othe Bhxyhl d)i pahzeonlyel ) wa s u
insteédromopbemgthy Bb,xhadi deloll ew .ploNUBT
(300MHzs)l 8C.DCH=8 .HIz2 HB, BW=8 .HIz2 HY , B dI=
8 .Hz2HY, 6 &@=8 .Hz2Hp, B7606H5, 08H7 .HBzk=
1.H6z2H}E NMR (125MHz, 16HCB4, 163.95, 144.21
132. 09, 130. 03, 127.53, 127.18, 126. 47, 1
113. 47. -LcG D@#SmE 2 x al eHidNOAT 1 C1 2 [ Mi+H] n d
472.1873. EfthesNs@l cCd683.042,C N 8. 91, found,;

3.40,. N 8.86

Synt héd&iNsX 20X D

(B Hr omop-hey)di2gz dbenzoni tril e was use
(dromopbepmhgdyBdxdadi azol e.. 'HReNIMRp owWadd®ad MHz ,
CDGIi8. B&@=8 .Hz2HB, B@=8 .Hz2 HY , 8 @=8 .Hiz2 H) ,

7. 68=8 . Hz2HpP, B6 6MHP, 6 2Hs7 .Hizkh=2 .Hz2 H) ,
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5. 9@84=7.82%k=1.Rz2HYE NMR (125MHz, 1GRACI86,

163.57, 144.21, 143.15, 133.84, 133.19, 1
122.21, 118.05, 116.083CTOMSm/62 calt3dad.or
CoHNiO,42 8 . 13, M+dj2®. 1918. EAHN©Al €. @5f 68, C

H 3.2&, 08, found; C 75.99, H 3.73, N 13.0

2. 2. 2. Quantum chemical cal cul ati on
Alduantum caleenilcatdti ons were <carried out
guantum chemiGeametpayckagtei nilzeat goaund st at
performddnsisi wgfuncti onal B3hleYoRrryc t(iDdnmgl me
631G(d, p)Ebharsgy Isevel s of the ground st at e
singlet or triplet mul tdeddmrddnwtDWERT (cTaD c

met hod with ®BI3BMNBEGfdymit ibamsi s set .

2. 2P.h3o.t ophysical and el ectrochemical C
Sol usgdmphloergc | i ¢ v Cltmemmseaitrvegnmeé ¢ pas e d
concenofht AMn met hycdhelnoewi dle, 0.1 M TBAHFP a
supporti ngSodlud atopfbderg thpeghrot opbkaiaat eri zati c
wempe epasencenpbfl®d#Mi aws$ Fehem. sampl es were fa
omuagsulzswsian@® t her mal evapol@®Ptai)orc awindcer v:
depositiontirtadfedatbebmilanbdomas eQuiadtubstrates

were biwmoane dwattihondebetgening deionized wat

22



i sopropyl alcohol, in the I|listed order.

CV was per27@rPRreidnccern on Applsiiendy -Re steharreceh

el ec 5 pbdeed mtna ie. iThr reeel e cgirnocdand eéAg wire in 0. C
AgNs® ol uvatsi oan r ef erence el ectrode, a carbon
aPwire as a counter electrode. The redox

cali msamgd f err ocené) faesrnricoecrennailu ns t(aFncd/aFcd . F
state photophyeb@RC 65hidiadz bsfoarptivdn sp
Quant aMa s4t0 (Phot on Technol ogy I nternati «
photoluminescence spectra, Cary Eclipse f
for |l ow temperature photoluminescence spe
remove backgr owwdat tdemtfai,| lqudarwizt t t ol uene,
for the sol ubliamkas damplsaadstont e -wtast assed

photophysicaddepandérts. pHomel umi nescence ¢
observed by FluoTi me 200by(-Phicm&®@uamned winiml

photon counting technique.

2 .42Equ atfioorasenstant s

According té? téiguateifoenrse ncel ow were use:-
constants related to TADF process. Symbol
ag ol llpvanitber( phot ol umi nescence quantum yi el
prompmdle ayyaudr gk@ankde(er)at e constant of pr omg

fluor ekaemki§Eenate constant of radiative an

23



excitedtatagl| o) Khld rsapg eec icfoins,t a®it of nonrad

excited tripl ety (stanie {k $Onrdd &8 €sf pi eckegrfciyc),, T

ankd, {crate constant of | SC and rlI SC)
Q 4 TF;
o E -
o) ::))ZE, z°Q
O B 270

Af ter experi ment al measurement dggnd analy
UprsBranlc o wledi r ¢eatl IcyuQtahteard@n s & aaiftfsi ci@emci es
desi gmmdteap hy e oweeardea | ¢ ublyla hfeodr maunceo nf i r me d

wh e tthheea | fuiethaes s u mp adried m wed theepmat i on .

2. 420LEDeviakbri andewvinest

OLED devices wairned itfuaxi (diedpDdetdt gl mes
Ssubstisiang t her mal evaporaPRaDen ad ticealct uae u u |
oft hkcevaomsat e us aviesel e s c rait theed s ¢ ussesci toifleOn .
patterned gl asrsi dbgdbasnir@ditdido ndeerbeeat géeni ng
deionized water, acetone, an8ublsiopatoipyn a

g r acdhee miwea lesaupsuerdc f & sseadmme s o U avid @ dSf auutt her
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subl i mat epeaci meé ctail dayagett eweéméad e mi andr
subl t meidnbeesf ohhdee vi aler i m@PClné dhromat er i al ,
wasynt hastodadihpeg e v iroeupsdmdteldadsiubl t me d

t i nheesf tohdee vi @ler i cati on.

Eadmwaseposione¢ d nfuod u s@viinngui tnetsd rowradle r
tprevemtimt erofearn thige @ dd emgo sainfdr omcr easing
substemperDaposéetwamn. Olditoeas olragwmir clijn s
t off @trhceal e p o irtgaldaiycdri@ '§ or Li F afdr 2AD | s
el ectrode, Custspicgrdidnealsyk.ear g aannidcn or gani ¢
mat ewe rag p ldiue d @ g o stioba kbehaec t li avyoe2rmml 2 mm
sqguahape.

Tceevalpueartfeo rorheh@®lc ED dse vi i@ eirveor tilaugnei nanc e
(TIVTL) data were collectemmdawutbh Kpithldegekt
Kei t 0I0&®Oy mu|l t i met eranwniat c(@Tad Ktrrad reidx )Si pho
1010BQ (Hamamatsu). The Il uminandeatandd t he
from the photocurrent measur ement data o
el ectroluminescence spectra wer00I0t ai ned

(Konica Minolta).
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2. 3. Results and discussions

2.3.1. Materials design and synthesis
Synthesis of stargetd mobecglbesnerci al ly a
and compl et ed by three st-€Epaftod acylcatiio
condensation foHaowwidghpeBashsvadfd over all
scheme, mestt raudcs uaerd anal ysis data were de
I nformation. Whole synthetic routes were f

moderate yield.

2.3.2. Theoretical calcul ati on

Optimized mol ecul ar and orbiltall gttedet $iyn
density functi onal-detpheenodreyn t{DBHF)T). (ddnbh e dr mé
angles between the phenoxazine dAnbo and
90A for all target molecules. From the t ol
and acceptor, hi ghest occupied molecul ar

mol ecul ar orbitals (LUMOs) could be defini

respectivel vy, whagEethall eadf 6o the madéti al s
energy | evel of LUMOs, |l ocalized zone of
functional groups of the molecules, were
groups. El ectron donatiLupOflueceli(odedhbhl lgowe

DMAPXZOXD4-d4en@P XZOXD) than the rCeXfDer,ence m
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whereas el ectron withdrawing 4FOBXKZOKDnal gt
4E&ERP XZOXDA4EMNPXZOXD). As a result, calcul at

di ffampenoe 0. 94 ODVMAPXZWXE@RTaNNPIX Z OXD. However,

di fference of calcul ated HOMO | evel was si
orbitals were localized onlyFemagythevealonoo!
the | owest eeaxcch tsepdi s tnautlet ioplSiincc e ya lwle rnea tcearl

hawegstl ess t hainwae xOpbe teh\gADEouded xecased
expected from t he -ldUMQOALF itdetnd d kbina gorfo bBHIAN @ n
mo | e courlbaiptaa t i ciinpeast d intdgao,tShs t atndl, st avtea e

ori gifmatmetdr a m@&Mfercalmh rgpoatr acet paoft hneol ecul e.
FrovwvhidhrleSar | 6 un atf f e catcicvoetl dyih3e e e ld e |

Ne xetx,cst atl e mfir aggwh i lcehll BSELr | € o @aamaedi um

st awaes,cr ut il milzZlea dgatt e rl ioaMéskEgd x c istt eaxdfled-
phenoxanwacal c wlbao2uedMvi t himpdletti Florc3 t 4.
oxadiazodpd otvea Iduief fferréemieé ™ A4-DMAP X Z OtXdD
3.2 A-CNPXZOABR,uxif uactgiroowipl ngheikeeepi ng
trimueti pAlsetirephgcwirtomdrfawchigonalttagcledg,
e | e cdternosna € ¢ epairotrc r eh sledidn i gdecit r egl eertgy

oLBstaremceptor.
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Dihedral

o HOMO  LUMO S T, AEgr

Material (eV) (eV) (eV) (eV) (eV) Fd'lgglg
4#-DMAPXZOXD  -4.65 156 2.4985 2.4893 0.0092 90.0
4-MeOPXZOXD  -4.70 1.73 2.4023 2.3935 0.0088 90.0
PXZ OXD 475 -1.89 23193 2.3033 0.0160 84.8
4*-FPXZOXD -4.78 -192 2.3269 2.2852 0.0417 79.2
4°-CF,PXZOXD 483 220 2.1649 2.1331 0.0318 79.6
4’ CNPXZOXD 488 250 2.0011 1.9675 0.0336 77.0

Tab2leSel ective paoamdi-bhazsd b fTADR ,e
DFT cal.cul ati on
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2. 3. 3. Photophysical properties
Photophysi cal characteristics of the tart
From t he selected resul ts, rol e of t he
phot ol uminescent and TADF propgedtived scodl
HOMOs and LUMOs were expeVYimeabadod yt iaomal yp
and cyclic voltammetry graphs. Energy | eve
onset voltage of cycl i e wveoV tfaommeatlrly tgarragpeh
ad not related to the type of functional
from onset waWi es|l eanbgst ohr pafi oV graph was var
functional group, which-2mdde edVi 4JaZnae & nft o rL U

4-DMAPXZOXD -GMRIXZ40OXD, respectively. As t he

depicted, electron withdrawing auxiliary f
as the functional group decreased oxadi az
el ectron potential get | ower.

Overalnleskcemi characteristics of the tar
througYhsU&¥bsorpticmhagdmpe pthiod ol sutmé amckys cence |
PL quantum yields (PLQYs). In toluene sol
absorbing sdarawcndir®@0rmMmnadnd rel atively | ov
band. Especially, t he structurel ess abs
i ntramol ecul ar CT absorption since the k

intramol ecul ar CT strenwltehr oG T tchhea rcaomtpesruins
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Solution

Doped film

Material (10-°M in toluene) (6wt.% in mCPCN) SIJT(E"A;ES_T H((E);\;O (T:‘;r)
Zaps (M) Jpp (nm) A (nm)  Ppp (%)

4-DMAPXZOXD 339 486 487 317 3.008/2.736/0.272 -5.06 N/A
4°-MeOPXZOXD 302385 497 493 65.8 2.870/2.772/0.098 -5.07 N/A
PXZ-OXD 301,389 496 493 74.0 2.836/2.731/0.105 -5.06 22 145

4 FPXZOXD 208,389 502 495 613 2.836/2.737/0.099 -5.09 206
4-CF,PXZ0XD 301396 521 501 g1.1 2.758/2.746/0.012 -5.08 5.14
4’-CNPXZOXD 297404 533 513 86.8 2.718/2.677/0.041 -5.09 529

Tab22Photoppgsamat eox adi-lmatspdBdk 4TADF
from experiments
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maj or role in the PL spectra, giving stru
with the intr amadkDeMAUP XaZzrOXOT wd tt rhe ntghteh . st r on
substituted moti etlge hadc Pt cermi ssi d® peak a
CNPXZOXD with the strongest EWGfhadeRteem
up to 47nm in the PL emission peak throug
small er than in the snetriioensalo fmocloencpuoluanrd sd ef sr
which alters core donor or accepgflomr moi et
the thin film doped in mCPCN as host, the
much | ower di #DMA®PKZO X Dle@\NiPeKeZnlOXD. Absol ut e
PLQYs of the film samples were measured |
hi ghest val 4&€NEKZOBD8% f or

To veri fy t he potenti al of ri SC in t a
phosphorescence spectrhculnaticdiK&wer . malals u

spectra showed -psetarkuecdt ugred gls,s isn diigd &t i ng t

charge transfer state rather than | ocally
related to the | owest excited mitatiecs o |
SandsfTate could be found in tendency of e

the -temmer at ur geksRflal cpuéatrea. from onset of
phosphorescence spectrehedtercare awiedh dwhaewi ng
attagchwehd cdEstina toafe&€ FP X Z OXD 4 &MN®P X Z OlXDwe r

t ha@n O05H0/we vsetrr,ehgcdomadi mgt hyd raan méo

DMAPXZOXaDdygEst ncr apdfe @ 72red/i, ¢ @tmamkadld ge d
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chaof@ADF.

Del afylewor evsaacte m eoebtslew Mada nBld e mgaryo fAit | e .
t hleotwe mp e c altOuOrddt Ihfi ins aampol teasrngaette d i @shhso w
P Ld e claiyf eatbioiubtes ood em géiicédho mmoknnoyde c ay
I i f eotDFAmeo mb iTA®& o mp oHOwea s htee mpeir atueased,
someo mpoaRrtds PiLdecdags mb ntgh aaxh ¢ r o stei cmoenrdg e .
Lifedfdmeafyleudo r eosdd@ EPcXeZ O Xaln 46C NP X Z OXiDal n
excéeésgwhi acdublaelle sc o irl@end ircli & & d ugEsevda |l u e .
PXDX@AndFPXZOXDs oo wed &y audbr evd d ehrf ofdriome
14esb @ 0esbuntodons piacuboouvse me o b mp abkddaoufs e
i ncr giasslelde e |l afyl eudo r eosbcseerc awerbdetl o n ¢ | augdAeDdF
franatdel afyleudo r easpcpeenacred ditnt e nassd €mpdr at ur e
i ncr elaklEdDMAP XZOADd6Me OPXZOHXPB| afyledlor escence

waghounalexipefct ®&mtwe mpe Phatnuarley si s .

2. 3. 4. Rate constant study
Fr om f edtaibnier a nBliderctaryacpchmb iwn ¢ dinee as ur e d
fluor @eec¢ d ma enadnaenesstiaundaiysa r o ufeod | © Wieonrgmu | a
i nref éMRancwen.s taguane uimi cosed ieekoetdophysi cal
transartei sahfeadb | . €083 r @ hegx pe ct A é dugEseridn
el eewirtohnd rga voeutpy acdimmoantdamABpBer f orsmmance

t htatipeor biden dayyeudd r ¢ LovBEL )i ncrealsedlrat ed
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al seduacsEshr eduTleids ublegll uc ifdadtineglhd @n safant
radi de ciaggst dkt.@ gui doihnog o esxicnigtkeedidti o ret cot | y
pr omptuor esac ethiega a n-mel enh a ng rcaat ill bsiiCtsepdiotf e
smhenedgy f eHeeweed rhsea me me,ndefmMag ensdfant
rl &G ymat cwietdb nde g yk | scc o thii mdd . 1 281 @6
CNPXZOWXIDillceav® . 3 1°6*i A6F PXZ OK D otnhree ssina |, |
qEstv alpueage dpor ohewphdt opbhycipa@astvwa i s

i ncr eka.sagnkh swhi phedit hBCNP X Z OX®c oanhei g h

performADeEme f bGLFE®&mo h btea rcgoemp ound s .
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Material (f/:; (Q/W) ({/]5 e o (1332-1) (1:?2-1) (171?2-1) (lkﬁl;ih) (lﬁ’;“;’_]) (1’3;5:-'1}
4*-DMAPXZOXD 317 317 - 735 - 136 - 431 929 - -
4’-MeOPXZOXD 658 658 - 10.2 - 9.80 - 645 335 - -

PXZ-OXD 74.0 152 588 17.9 14.5 559 6.89 0.849 0.298 4.44 335

4’ FPXZOXD 613 126 487 113 206 .85 485 1.11 0.702 7.03 237
4"-CF,PXZOXD 811 477 334 138 5.14 7.25 195 345 0.805 299 331
4°-CNPXZOXD 86.8 398 470 18.6 5.29 538 18.9 2.14 0.325 291 412

TabPR8 Rat e constants and ot her P
oxadi-tawsnddk TADF emitters
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2.3.5. OLED device performance

To evaluate electric device performance
were fabricated as aCNt@® krerd) |/ayRBABC o(f30 Tn
(10 nm) / ©6wt. % emitter MmCP CNs O( 2nOm)n m) /
/ LiF (0.7 nm) [ Al (1200 nm). ( 1-ND: i ndi u
1,4,5-h8x8atatriphenyl enehexacarbpeagtril e,
mat er i a4 ,-d @AIPCh e x W,NGbd emegtbhi ysl[phenyl )benzena
served as a hol e tr asg sl€ratribtglo)inad rezd rad ,,
served as an exciton HRBEclkir v@yzioap ean vall),
9H-car b&8zalt bonitril e, served-t mpy rai3-dihns t T
yl phenyl ) bedzeamse,anseaxciton bl ock8ng mate
pyridyl)mesityl]borane, served as an el e
el ectron injectingOLmal eddvdillte Awe Radsf ean tciaatl h
OXD as emimarirmemow®® ahdl&mi ssion spectr
at 4whnmh is compar ablOXDt o etploe t e'dt a nofad®
Tendendee eodt r ol wsmpierceasnmmenyc ¢ he t arget mater.
as in theePteBPEZOXDM therang&PXZOXDf I uo
i s weakwiel k¢t awinng gqroecp, bmbkehgcinoecoming
exciton higher and esnhiisfstidodne ralnget rsoli grmitn
situ@dtmboar nal Commi ssion on |11 umidreati on
IG®®c | ai rage, CIlE) coordi na®@%D ovwast h(e0 .OA5,D0 .d4

and the coordinate of@Godbeirasedi esmaf kabeé
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referenti al one, featuring bluegreen to ¢
dewe WIECINlPXOXD recorded up to 21. 3%, which
ri SC and high radiatijsdamtrat ©Otbhemstsanti efsr a
showed EQE anal-ODudeviocd,heshPoXwi ng potent
core as abveeptighlfyoreffici ent moTAIDIFi edniancdr

combi ned with donor.
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Emitter Vo (V) EQE (%) Apr. (nm) CIE coordinate

4’ MeOPXZOXD 3.9 18.1 484 (0.21,0.37)
PXZ OXD 45 18.7 496 (0.25,0.43)

4’ FPXZOXD 40 146 488 (0.22,0.39)
4" CF,PXZOXD 49 16.1 507 (0.27.0.48)
4*-CNPXZOXD 53 213 525 (0.33,0.52)

Tabl-2P&r f or manz ed eofi cClL Huxd chiganazkod 3k,
emi tters
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24.Conclsasion

I summarydfXDXDer i vaitti rreiaaxs f imctyi onal
growepsleveltdgendldfent r a m&IMcehcaurl aacrt D-At gpecs
TADE mi tUunelri.k e traditional mol ecul ar desi g
group moderated excited energy state and
spectr al shift 4&€MNPXEZOKXDBet @a$ hi age gsyt,r ong e
withdrawing nitrile group among newly inti
EQE up to 21% in OLED device. ®yedemttmolcl i
characteri stAi adsypper o ADFl yemiD t eri tcsourlldSCb e

performance without changing its main don
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Chapter 3.

1,-NBaphthali mide Acceptor for

Emi tter

3.Research background

Reddear I nfrar-erdi t(tNlrRg de wihades have be
beyond t he traditional di spl ay i ndustry
bi oapplicati on. However, red emyttleas hayv
ot her primary btakorsidoefgrck @ dretd i nl. energy
Accordingly, there Raowre hiegeml yn-tedhdirRosuisv es tru
emitter from various viewpoints®hPhwosphor s
ef fircetddiitR emi ssi on through proper combi na
but they al so sufoffdr i-tnuohmegehf f 1 tcgbhce mi ot |
because of harsh quenching tendency of ex
emi ssi sre. olfn coosmmventi onal fluorophores, o]
i nvol ved i n |l umi nescence, there 1is a con:
guantum efficiency (1 QE) because fluoropt
generated ertitsomst eas Asn@gl breakthrough i
Adachi and ‘Hinst roadlulcealguerser mal ly activate
( TADF) i-eamiot tliingghtdevi ces. After t he first
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emitting diode (OLBR)Y,n HDARRANe mi t@rlarage ha v e

highly Il uminescent OLEDs.

n
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i gor
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ri sScC
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repre
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Ot h
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e

| ect
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fabri

e

e

mi

mi

S S

S S

TADF emitter, excited triplet states
rted into excited singlet states vi a
omes tbpvdntmidnaolf fluorophores in t«
ous studies on overal/l photophysical

egy related to TADF emitter have be
n knowledge to nddatteeri sneteldatt ot ree dUALRI
en excited si 6Bhetwhdtceht @ samceltartieg dto
process, and this could be achieved
ed l i nkage of el ect rdmmed mmusr dODh)or s
sented by amines and acceptors repre
eterocyclic compounds have been repo
imept aa?apman glthmeox asi neng el ectron
ty and are usetddlbR TARF coemiet todr £f f i c |
er t han thesegtdhRgHIMAYF efefmi ¢itemts tthea
hal i mi de acceptlot?whorcenh hianvcel ubdeee nt hree pm
rolumineateaceuf&LpO0OpPpermkand external
of 30% in the OLED device without
cation. Al t hough the emitters based
ion in the device, dthernyt iaarle feoxrp edcd eepx

ion. Considering a | ow é%Xcdeéeepetri @te
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emi ssion could be satisfied by relaxation
charge tr anfsfsetrr u(cGTu)r eo fi nicel uadsi nagc cneappthotrh amoii
In ¢haptewrth reference to the reported |
naphthalimide core while maintaining outst
making acceptor stronger %) agpgpu gminigarty i f
electron withdrawing group (EWG), or (2)
TADF emi tters, -rienpcolrutdeidn g P RkbiBNEARQA Yy t he
refedencwere fully studied in photophysi
performancésr metd whatcohe mol ecul ar desi gt
retddll R TADF emitter were valid by observir
or l onger. From the mol ecul es, maxi mum E
di CF3PNI DMAC and the dampesdtonr anh xe miusns iad n

was observed from di CF3PNI PXZ.
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3. 2. Experi ment al met hod

3.2.1. Madynt lmd si s

Al l target materialstweereeaghni basifzeod i
anhydri de. Chemicals for syse¢etheasspofchaes
from commercial suppli eTrtsil,aywdn bmat ofouaphei

(TLEN) dtse d a6ldFa2 5Mer Ca a hdi Igied @ parstii@ed0e6 3
0. 20 OMem,c bwe rues ¢ dp u digheee a cpgri oga efdacro!l u mn
chromatpgraphtcati on.

Chemist a lu otit uhfee ¢ @alrgeette we mbss i gyaead | yzi ng
nuclmaagmetebonaNnVkRep e cmarsasy e @atinelh e meamtadly si s
( EAM)att®*NMR data of the target ma3 ®C i al s w
(BrukefY®yNNMRamddat a were r-800r (((BMak®r Apaatcrea
of the target matleM3S @0 s( WEOle) obncdi ;1&U0 ws &
E Ao f car bon, hr yodgreong eonf atnhde ntiatr ge't materi a

FI ash2000 (ThermoFisher Scientific).

Synt hedsiebr o-bhmphe-bitblenz o[ de] tls BfdliH)mé i ne
(PNI )BT

A mixt tbrreo-in@iBa gtht hal i ¢ anhydride (5.00 g,
(2.47 mlamol2)7. ®7d acetic aci d O(ULOB6AfMLEYr was

the reaction finishedino trhoeo Mmi txe nupr eer amawsr e oa
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i nwwatteo preciepiitadt e Cmaitde preci pitate mat
recrystallized from mixed solvent of c¢chl o
as pale yellow solHdNMR. 6800, Myit e IBDEID2 . 2
(U 7.5 Hz, J2HP, 08H37 Jgdp, 08H2g . @&d) ( m7.56

3H), 7W=40.0dHz, 2H)

Synt hesi s-( 9-dd®@fmet oyl Ga(cyH2phe-diblenz o[ de]
i soquiln Gl¢d2iHdgm Nl DMAC

To a dehydbroattteodmerdo ufnldas k coomeen er ,wid h
mi xture of PNIBr (di R®d-dpp m&8t Byl anenoil di, n &, (L
3.90 rhmmot(hrdit yl phosphi 688dpapgl adi 0&( nmol ) ,
tebbut oxi de (682 mg, 7.10 mmowapns aed!| arbdd
undiemattmosphere ffdrl bad sMfittenr Atrhe reacti on
mi xture wastncorodeem temperature and the sol
reduced pressur e, foll owed by extraction
organi c leady ewi tvasMigdsScG®ncentrated under red
resi dual solid crude materi al was purifie
using mixt en daycsed/latreex § vefy 1:5) and recryst
mi xed sol vent meft hdAlolod@ (6 Jecy@dme tamydl BKDS | di n
yi2phedaydenap [ i soqgL,| B @?2ibyeNI DMALsor ange
powder (800 mdgH NMRI(d30MMHO, 8@QBCI7. 7 Hz,

1H), 8=69.8dHz, JEHB, 48HAD JEHY, 77HB4 LH), 7
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(d#ddls 8. &=HZ,3 Hz-7.2H8) (m7.686#H)6. ¥ .18BZ, (aH),6 6
(U 7.5 Hz, J2HY, 76H88 JEH)S, 15 H2Z9 @H), 1.86
1.78 (&,NGR)( 1258z, 16DCR8, 163.95, 144. 74
133.18, 132.58, 131. 09, 131. 03, 130. 87, 1
128. 31, 126. 94, 126. 22, 124. 08, 123. 33, 1
32.98, 32.m3:2 calHRMNOC,L480C18; found, 480. 7

cal c.xk2M@r © 82.48, H 5.03, N 5.83; found,

Synt hesi s-( 3-bdbfs (t r2i f 1 u o46-b me-inkbyel n)zpoh[ edney] | )
iso g ui nlo,l 3 (d2etb)ahie PN | B r

A mi xt ubrreo-topfBa ptht hal i ¢ anhydride- (5.00 ¢
bis(trifluoromethyl)anilin®. 3&.¢,1 2n2., 82 7m
and quinolwase (&eDDbhxeud AMfarer3 & he reacti on
mi xtur eewasnc orodom temperature and extracH
and dichloromethane. The omag@aniconnlcendenr awaea
under reduced pressure. The residual Vvi sc«
chromatographygowni shl bcamgthamnesias el uent
from mixed solvent of chl oroform and met
powder (4.32 ¢, NMRe l(d3:0 04 MKz , %30 BEHO
13.5)kHz6.0 Hz, J2HY, 08HZD (H), B. L O( mz,4H)

1H)
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Synt he@3-tsbo(ft r2i fl uo+#6-6 rd Bmgt h plhCe(cYH)Y i n
yH)Fbenzo[ de] ils BdadriHradié ¢PRN & D MA C

To a dehydbroattteodmerdo ufnldas k ¢ o mmemntseed , wiat h
mi xturesPNfBrdi CE. 70 g, -di3h yW&dOommotl Hy, | aS%,rli0od i r
(802 mg, 3.83 mmol ), Pd c att ebbluytsotx i (de0 (neg7,0
mg , 6.97 mmol ) , and amwhgdhkrfdwuxddno !l uareat (
at mospher e ffoirl d224dsAvitter Arhe reaction finis
coodeamtno room temperature and the solvent
pressure, followed by extraction with bri
was dr Mg &@widt concentrated under reduced p
crude materi al was purified by column chr
sol venthhydef{ anteex d vev 1:5) and recrystallize
of chl orofoomhoame(f Ires(@tnri fl uowd e Ohyl ) ph
di met hyl G(cy W)dh endmi[ s 0 g uli ,ndHA H)e e
(di @PANI DMPaGr ange powder (1.'7NMR (3 @0 MHZz 63
CDQGIi: @.J80D. 7 Hz, 1WH)7.8. H, J&aHY,48HA6 (H),
8. 03 (s, JX=H)7,. 77 .H&Z8 (3H) 8. &=HAHZ, 8d#iz, 1H), 7
(dg 7.7 Hz, J2H)..56HA8IFH).,7 6HB,8IFZHE, 25. 96
Hz, 2H), 1.86 (86, NBIR) (125QBHz( 46BGHB, 163.
145. 53, 140. 23, 136. 84, 133.67, 133. 21, 1
130. 86, 130. 23, 129. 97, 128. 49, 127. 20, 1

123.14, 123.12, 122.62,77L22.,037,6.19271,. 6376,. 310
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32.32. MmMHRME!| gt&FNHOor 6€6. 16; found, 616.502

CsH2FeN2O,, C 68.18, H 3.60, N 4.54; found, C

3. 2. 2. Quantum chemical cal cul ati on

Al | guantum cheweircealc acrarliceud adutonssi ng t
guantum chemical package. Geometry optim
performed using density functional t heory
631 G(d,p) basis set. Energyxtieveti ssoat ¢ hwi

singlet or triplet mul tdeddrdanwytDRWERT (cTaD c

met hod with B3BYB(fdymot ibamsals /se@ .

3.2.3. Photophysical and electrochemic
Sol usgdmphloergc | i ¢ v ClVtmemmseaitrvegnmeé ¢ pags e d
concenofht AMdn met hycdhelnoewi dle, 0.1 ™M TBAHFP a
supportingSodlud atopfbderg thpechrot opbaraat eri zati o
wempe epagemncenpfl®d#Mi 6ows UFehen. sampl es were fa
omuagsulzswsian@® t her mal evapor®Ptai)omceainder v:
depositiontirtadfedatbebmilanbdomas eQuadtubstrates
wer e bismoane dawattihond-ebat gemninge d ewat er, acet c
i sopropyl alcohol, in the I|isted order.
CV was per27@rPRreidncern on Applsii emdy -Re steharreceh

el ec 8 pbdoead motna ie. Tt reeel e cdirnocdand eAg wire i n 0. C
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AgNs@ ol uatsi oan ref erence el ectrode, a carbon
aPwire as a counter electrode. The redox |
cali wmsatmgd f err ocené) faesrnricoecrennailu ns t(aFncd/aFcd . F

state pheotogh#6865@BU ( Shi mvadz )b sfoarptiVn sp

Quant aMaster 40 (Photon Technol ogy I nt e
photol uminescence spectra, Cary Eclipse f
for |l ow temperatur & aplwetr@el wmiedes cerspecdp e
remove background dat a, quartz cuvette fi

for the sol ubliagnkas éamplsaadstont e -wtast assed
photophysicalddepaendeéerts. prfifioemet amanpe paeof il es
observed by FluoTime 200 (-PorcomQuamneéd @inmc

photon counting technique.

3. 2Equatfioormasenst ant s

According t ditqghatir eher dred®ow were used
constants related to TADF process. Symbol
as f odpkaonwses( phot ol umi nescence quantum yi el
prompdle | ayeaudr ek@enkde(er)aotnestcant of prompt an
fluor ek’aemki§Eenate constant of radiative an
excited singlet)kit(atag e tcowntsd anpe wif f inonNnr&d
excited tripl ety (steadie ,{dt $Onrdd e €sf pi eckesrfciyc),, T

ankd, {crate constant of | SC and rlI SC)
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Af ter experi mentaalal wesd surod meprmtoda@mdysi cal
UprBranlc o wledi r eatl IcyuQtahteard@n s & aaiftfsi ci@emci es
desi gmmdteap hy s obweeardsea | ¢ ubl yta hfeodr mauncdeo nf i r me d

wh e tthheea | fuiethaes s u mpadried n wd theepmat i on .

3. 30LEDevf abri ande voinest

OLED devices wairned itfuanxi (de@pbadetdt gl e d
Substisiang t her mal evaporaPRaPen adticeadlct uae u u |
oft hkcevaom®at e us aviksdes s c rait theed s ¢ ussesci toifletn .
patterned gl ass dydbesniraditdido ndeerbeet gené ed
dei oni zed water, acetone, an8ublsiopatoipyn a
g r acdhee miwea lesaupsuerdc f & sseadmme s o U avd @ Sf auutt her
subl i matlt epeaci meé ctail dayagdett eweémd admi andr
subl t meidneesf bhhdee vi alr i m@PClHsné dhromat er i al

wasynt hast oddihpeg ewsitog pometehfadsubl t me d
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t i nheesf tohdee vi @ler i cati on.

Eadmhwadeposione d nfuoo u s@ i nngui tnetsd rowradle r
tprevemtimt erofearn thige @ dd eego sainfdr omcr easing
substemperDaposéetwamn. Olditoeas olragywr &}lijn s
t off @trhceal e p o irtgeldaiycdr ¢ ,*'fors Li F afidr 2AD S
el ectrode, Custs@railcaziandmealsyk.ear g aannidcn or gani ¢
mat eweirag p ldiue d @ g o stiotaikiodmeemi tlta ymmml 2 mm
sqguahape.

Tceevalpueartfeo rorheh@®lc ED dse vi kb eivoodrillaggmit nanc e
(TviL) data were collectemédawutbd Kepithi(degk
Keithley 2000 Mmiiekt mehexrx) uahd a <c-alibrate
1010BQ (Hamamatsu). The |l uminance and the
from the photocurrent measur ement data o
el ectroluminescence s paecstpreac tweorrea @@ Ibtmeit ree d

(Konica Minolta).
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3. 3. Results and discussions

3. 3. 1. Materials design and synthesis
Synthesis of sanageed mblr emulceosmmer ci al |
bromonaphthalic anhydride, andncbwmgi g ed

condensation foHaowwidghpeBashsvadfd over all
scheme, met hods and structure analysis d
I nformation. Whole synthetic routes were f

modeate yield.

3.3.2. Theoretical <calculation

Before characterization of the target m
and electronic properties were calcul ated
andi rdee penDdeTn tDFD) Mol ecul dr adtlr uaatrgree oanat e
ground state exhi biAtedvitWwi i ddeédriahkaggl ef
bet ween naphthalimide and aryl amine donor,
TADF molDdcsulrda.buti on of fronti ér tmolgetul a
materi ahswatlso hat they were expected to
where the highest occupied molecul ar orbit
| owest unoccupied molecular orbitals (LUMC
whhccoul d | egegho t omo leadauwcleels | ow enough to o

excitation. Parti cnuapahrtlihydi dletitviEGenbedal i zed
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Fi g326ptimized structure and di st
target mat ecgalad sl dtriooon DFT
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