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Synthesis and spectral characteristics of Chrysene

derivative
Ji—woong Yoo

Dept. of Graphic Arts Engineering, Graduate School,
Pukyong National University

Abstract

From 1960 to today , By studying the display continuously , we can
expect that the dream has come true in the display field which can be
flexible and play a video clip. Especially OLED(organic light emitting
diode) technology becomes the nucleus of the display field due to
several reasons such as large size and mass production with low cost.
There are some reasons why FPD(flat panel display) and OLED
technology are sportlighted in Oraganic EL display. Firstly, it can
provide more vivid color and free viewing angle than old technology
LCD. Secondly; its fast response since it can emit different light in
an instance When a flow of electricity 1s changed .

Lastly, OLED has a high energy efficiency than LED. Because it
spends electric power for only emitted area instead of the whole of
backlight. Additionally , OLED can perform theoretically outstanding
capecity including thin film , light weight and high precision. Lately, a
lot of studies are in progress to make a flexible display instead of flat
one by using organic materials.

This study was based on organic light-emitting diode. It was focused
in blue host and blue dopant for the emitting material and synthesized
by Buchwald-Hartwing Reaction and Suzuki-Miyaura Coupling. The

structural property of reaction products were analyzed by
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1HNMR (proton nuclear magnetic resonance), GC-Mass(gas
chromatography), FAB-Mass spectrometry, ion chromatography(IC) and
thermal stability, absorption and emission characterization were
anaylzed by DSC(differential scanning calorimetry), UV/VIS/NIR
spectrophotometer, fluorescence spectrophotometer(PL), respectively.
Finally electrical property were analyzed by cyclic voltammetry. In this
study, it was known that blue emitting materials had a different

characterization according to functional group.

_Xi_
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Figure 2. Chemical structure of hole injection materials.
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Figure 5. Chemical structure of electron transport materials.
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Figure 6. Chemical structure of host/dopant materials

2-2-5-1 SALF A

AA AFEE 1 = 9y

Algseltt. o] A=
o] A& Hojx]al ) Alg3E TEEZ ALEstE C-545T (10-(2-benzot
hiazolyl)-1,1,7,7-tetramethyl-2,3,6,7-tetrahydro-1H,5H,11H-[1]benzo—pyra

nol6,7,8-1jlquinolizin-11-one) &} ol &4 Quinacridone +%A](QD)
L} Carbarzole FEA(CZ)E =33 AlgsES E3=07 o]&sl] =& &
1 o] % Figur

5 Bt
Algz®] 745 TR AR= HHAEE] 15cd/m” o] o,
AE o A=Y 2 7t

73 2 Algse

=8 Algse] 4 Ao #HE7]E w93 tris(4-methyl-8-quinolinolate)
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Figure 7. Chemical structure of green emitting materials.
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e
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e

t}. DCJTBE 4352421 rubrene, d AMW3&

L,
[40
Z,
g
w)
i
(@)
o
(@)
@)
(o}
Q
=
=3

B o] AT Ag A =2 EEEE B

1 fell A g A 5+ Figure 8041 YER 3-(dicanomethylene)-5,
5-dimethyl-1-[(4-dimethyl-amino)styryllcyclohexene(DCDDC), 6-methyl
-3-{3-(1,1,6,6-tetramethyl-10-oxo0-2,3,5,6-tetrahydro-1H,4H,10H-11-oxa
-3a-azabenzoldelanthracene-9-yl)acryloyl}pyran-2,4-dione(AAAP),
6,13-diphenylpentacene (DPP)%} 3-(N-Phenyl-N-p-tolylamino)-9-(N-p-

styrylphenyl-N-p-tolylamino)perylene[(PPA)(PSA)Pe-1] &°] St =
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Figure 8. Chemical structure of red emitting materials.
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2-2-5-3 AL Z AR

DPVBi 2 AaEs dA3AY. 1 ¢ A AMudA) 5 =cyclopenadiene
A (PPCP: 1,2,3,4,5-pentaphenyl-1,3-cyclopentadiene), T 2~E] 2l A (DS
B), = F#XZA(PESB) %°] otk = Fol 74 &&o] vt Hrid e
AE+ "2Ed(distryl) 3stEolH, =& PL 38& Z& 5
(fluorene) F=A, <tEZAl(anthracene) F=A, 2y Zdlo]ZZ o dl
(spirobifluorene) fFFE=A &0l &H A Aok A7A LdHF H4AFAQ) =
= 24 1Y Aaztgow st FAHEE dAEY S A
Hoh =24 58 385 2= A5Y SHS 25 A2 538 3
Figure 9. #& &dEc°] #4343 AMEFAS=E HAadIDASAAN L7
H 25-{4-[bis~(9,9-dimethyl-2-fluorenyl)aminolphenyl}thiophene (BFA
-IT), spirooligo(p—phenylene), 9,10-bis[2”,7”~t-butyl)-9’,9” -spirobifluore
nyllanthracene (TBSA), terfluorene, triphenylsilyle] *]&¥ PhTPAOXD

5ol glow, 5o TBSA A&7t 7]& Awst vuds o g o

olglgt A WA ALANELS PL FAZEo] 60%eE wFggo] Tgrt
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Figure 9. Chemical structure of blue emitting materials.
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Figure 10. Chemical structure of yellow and orange emitting materials.
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diagramoll 4] =244 o2 I8t Host/Dopant + A+ %+ Figure 11.
Lol 2= Dexter. dlyAl Heo] o= uyekd 4 d+=tl, donoret
acceptor Akele] Hxzpel w3kl o5l U & AT+ A oy
A A #FAFolth Host A= 2 AUA = AR oAUAE F43514
HEH el A =2 21E dUA EHE o 7] (excited) T o1 7]1E host
ZA] BA} Ao](radiative transition) T+ H] EHA}P Ho] A&

A R HEobbAY, A E S dopant #A7F 9 Aol ol

M
N
rlr

of
ok
2

i
)

A o] A (energy transfer process) 7} & ot}

_‘|7_

Collection @ pknu



(I\\ Singlet-singlet Forster energy transfer |
LUMO LUMO

v/ . v
I [T\ S A
| W/ K |
in* + 1A > ip + %
Singlet-singlet D =r energy transfer
LUMO m_ = LUMO I
v/ 2
i . oy
oo 2 [\ v A1 A
| K74 W |
inp* + 1 = ip + 1A%
Triplet-triplet ter energy transfer
e 1
Lumo W LumnMo I
-
HOMO 2 m4\ HOMO | U
| XZA W |
Ip* 4+ A = ip + pE

Figure 11. Schematic diagram for Forster and Dexter energy transfer

T&o] WolRA HER oE Hs| 95te] Host/DopantF AEE w

o] AF-g3lt}, o] W & olu| anthracene ©HZA A ®hakS. o] 83 OLED 2!

Host/Dopant A] =82 host Wol EXFH o] A& EXH Q= H4EZ
3 dopantite] AT AEE HASAA LT T dUA APAAB S
He Zo]al, hostoll A dopantZ¢] olUA Ho|7} doj} WA F &S
Z7HN 7171 oy, Mol Azl 4 AFH AT} hostE o]7] A
71530 A7) A &g = AU A E dopant”7t S FH, thAl WS WE3)
v HAHoR HHr}. 7HF o] 4dA <l Host/Dopant Al Figure 11. 9
UERN A H hoste] HFAHAEHI} dopante] EF A EH ] A Ak

hostol A1 dopant® oYX Ho]7} Z dojuyp= Al2=woj} AnkEl ¢
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Figure 12. The most ideal host/dopant system

Collection @ pknu

_19_




3-1. §H4 A%

Ao AF8H Aok chrysene(98%), bromine(99%), Bis(dibenzylidene
acetone)palladium(0) (99% ), tri-tert-butylphosphine(98%), diphenylamin
e(99%), Di-p-tolylamine(96%), N-phenylnaphthalen-2-amine(98%), N-
phenylnaphthalen-1-amine(97%), diphenylamine(97%), N-phenylphenan
thren-2-amine(98%), 9,9-dimethyl-N-(naphthalen-1-yl)-9H-fluoren-3-a
mine(97%), 9,9-dimethyl-N-(naphthalen-1-yl) -9H-fluoren-3-amine (96%
) Pyrene(97%). naphthalen-1-ylboronicacid(97% ). phenylboronic acid (96
%), naphthalen-2-ylboronicacid(97% )y 2-(biphenyl-4-yl1)-4,4,5,5,~tetrame
thyl-1,3,2-dioxaborolane(96% ), 2-(9H-fluoren-2-vl1)-4,4,5,5-tetramethyl-1
.3.2-dioxaborolane(96% )5+ Junsei Chemical Co., Ltd.¢] A &S A gl
o] Ah-&3st3l

&l 2% dicholromethane(MC) (95%), toluene(95%). methanol(95%)
ethyl acetate(EA)(95%), - nitrobenzene(98%),  chloroform(95% ) &<
Junsei Chemical Co.. Ltd.9] AIF< A §lo] AH&3k3l
Potassium tert-butoxide(98% ) Tetrakis(triphenylphosphine)palladium (0)
(98%). Sodium thiosulfate(97%), Potassium carbonate(97%), Sodium

hydroxid(97%) 7S 7A9o= Aut A|okS AHA glo] AFL3Y

_20_

Collection @ pknu



3-2. &4 WH

3-2. Blue dopant Chrysene ¥+ =A(BC) &4

%A1 HalogenationS %3}¢] 24 chrysenes 6,12-dibromochrysene . =
718 ZAS "= § Buchwald-Harwig reation ©]-83}¢] amine %<

ik,

(
L
oX
9%

B
(I = L1
_— =
OO Nitrobenzene, 2hr OO

chrysene

6,12-dibromochrysene

sV sne Mgess

diphenylamine Di-p-tolylamine N-phenylnaphthalen-2-amine

o570 Ula, 805!

N-phenylnaphthalen-1-amine diphenylamine N-phenylphenanthren-2-amine

u/©

9,9-dimethyl-N-(nap hthalen-1-yl)-9H-fluoren-3-amine  9,9-dimethyl-N-(naphthalen-1-yl)-9H -fluoren-3-amine

Scheme 1. Synthesis of blue dopant(chrysene -F+=A])

3-2-1. 6,12-dibromochrysene 43

2000 three neck flask®l] chrysene(3g, 0.0657mol) ¢} nitrobenezne (90ml

) ¥

237 105TCoN A wwket} bromine(1.67g, 0.046mol, 0.7eq) < nitroben

zene(6ml) ol B HAIA HH] Hojmdd F Ao 2A17F w3 AT

- -
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e T8 5 A27MA 225 WY F Meoh(1200ml) & ¥ wyE A7
o ZE ol A A (4.2g, 98%) LAH.(Yield: 81%) Ri=0.6(SiO;

EA : Hexane = 1 : 10), mp. 325C, 'H NMR(400MHz, CDCl3):6= 9.09
-9.06(d, 2H), 8.56-8.54(d, 1H), 8.47-8.45(d, 1H), 8.22-8.13(m, 3H), 8.08-8

01(m, 2H) ppm., HRMS(m/z FAB") 385.91, CisHioBrs, found 386.08

Br
So pa o
Nitrobenzene, 105, 2hr OO

Br
6,12-dibromochrysene

chrysene

Scheme 2. Synthesis of blue dopant(6,12-dibromochrysene)

3-2-2. N°® N°® N'2 N'2-tetraphenylchrysene-6,12-diamine(BC1) %4
100 three neck flaskell 6,12-dibromochrysene(0.5g, 0.0026mol) ¢} toluen
e (15mL)E ¥ xS, diphenylamine(0.88g, 0.0065mol), Pds(dba);
(0.052g, 0.0002mol), Potassium-tert-butoxide(0.87g, 0.0155mol) T <+
tri-tert-butylphosphine(0.03g 0.0001mol) & HH3] Hoj=& ¥ refluxe
BEfel A 2A1 7 w3 Al RbE 8§ A2l A celite B F tolue
nedl NS 5t A4 AH S 037g= AAh(Yield: 51%) Ri=04
(SiO; EA : Hexane = 1 : 10), mp. 370.61C, 'H NMR(400MHz, CDC
13):6= 8.67-8.52(m, 2H), 8.18-8.08(t, 1H), 7.71-7.63(m, 4H), 7.55-7.49(t,
4H), 7.48-7.42(m, 5H), 7.39-7.35(t, 4H), 7.28-7.11(m, 8H), 6.98-6.93(m,

2H) ppm., HRMS(m/z FAB') 562.24, CxHsNs, found 562.70
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Br N
O . @\ /© Pd,(dba)s, p(t-Bu)s ‘O
(1) y
K-t-BuO, toluene, 2hr
Br diphenylamine : N :

N8 N8 N2 N2 tetraphenyichrysene-6,12-diamine

Scheme 3. Synthesis of blue dopant(BC1)

3-2-3. N° N°® N N'2-tetrap-tolylchrysene-6,12-diamine(BC2) &4
100 three neck flask®l 6,12-dibromochrysene(0.5g, 0.0026mol) ¢} toluen
e(15mL)E ¥ wukalt} Di-p-tolylamine(0.77, 0.0078mol), Pds(dba)s
(0.052g, 0.0002mol), Potassium tert-butoxide(0.87g, 0.0155mol) T <+

MNi

tri-tert-butylphosphine(0.03g 0.0001mol) S M3 "Bojm=d 3 refluxe
el A 2A17F dEg A ZIY HES S8 A2 A celite 2H $ tolue
ol

neol NS FEsto] =M A4 041gS

(‘

AT (Yield: 51%) Re=0.4(Si
O, EA : Hexane = 14 10), mp. 363.24C, 'H NMR(400MHz, CDCl3):6
= 8.53-8.50(d, 3H), 8.11=8.09(d, 1H), 7.57-7.53(t, 4H), 7.08-7.01(s, 18H)
ppm., HRMS(m/z FAB") 618.30, CsH2sN>, found 618.81

Br N
H
” (I
O ‘O + /©/ \©\ Pdy(dba)s, p(t-Bu)s OO

Di-p-tolylamine K+-BuO, toluene, 2hr

N8 N8 N2 N'2tetrap-tolylchrysene-6,12-diamine

Scheme 4. Synthesis of blue dopant(BC2)
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3-2-4. N® N'?-di(naphthalen-2-y1)-N® N'*~diphenylchrysene-6,12-d

iamine(BC3) &A
100 three neck flask®l 6,12-dibromochrysene(0.5g, 0.0026mol) ¢} toluen

297 wHFSlY N-phenylnaphthalen-2-amine(1.14g, 0.0104mo

e(15mL) =
Potassium tert-butoxide(0.87g, 0.0155m

1), Pdz(dba)3(0.052g, 0.0002mol),
ol) F¢ F tri-tert-butylphosphine(0.03g 0.0001mol) = 3] Dol
% refluxe A A 2A1ZF BES AJZITE BES 85 & A2 A celite &
B % toluened S F53t] A=A 04g 2AHS AT .(Yield: 47%)
R=04(Si0; EA : Hexane = 1 : 10), mp. 399.17°C, 'H NMR(400MHz,
CDCls):6= 8.61-8.55(d, 3H), 854-8.52(d, 2H), 8.14-8.12(d, 2H), 7.74-769(t

, 4H), 7.57-7.49(t, 3H), 7.42-7.40(m, 4H), 7.33-7.24(m, 6H), 7.23-7.16(t
4H), 7.02-6.94(m, 6H) ppm., HRMS(m/z FAB') 662.27, Cs0H34N», found

662.82

@

‘O /@ Pdy(dba)z, p(t-Bu)z
OO {
K-t-BuO, toluene; 2hr
N-phenylnaphthalen-2-amine

N8 N'2di(naphthalen-2-v1)-N® N '2-diphenvichrysene-6.12-diamine

Scheme 5. Synthesis of blue dopant(BC3)

3-2-5. N° le—di(naphthalen—l—yl)—NG,le—diphenylchrysene—6,12—

diamine(BC4) &4
100 three neck flask®l 6,12-dibromochrysene(0.5g, 0.0026mol) ¢} toluen

e(156mL)E ¥ wHFett} N-phenylnaphthalen-1-amine(0.63g, 0.0057mo
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1), Pds(dba)s3(0.052g, 0.0002mol), Potassium tert-butoxide(0.87g, 0.0155m
o) 9 F tri-tert-butylphosphine(0.03g 0.0001mol)& X x138] Hojx=d

% refluxe FEiOl A 2417 BE3 AZITh WbS F 5 § A2 A celite &
H ¥ toluened NS FT=F3t] A= AA 0.31ge At (Yield: 35%)

R¢=0.4(Si0; EA : Hexane = 1 : 10), mp. 398.04C, '"H NMR(400MHz,
CDCls):6= 855-8.53(s, 2H), 8.47-8.41(d, 2H), 8.22-8.12(m, 4H), 7.89-7.87
(d, 2H), 7.72-7.69(d, 2H), 7.48-7.24(m, 10H), 7.15-7.11(d, 5H), 6.91-6.88(
t, 3H), 6.82-6.80(d, 4H) ppm., HRMS(m/z FAB') 662.27, CsoHsN», found
662.82

0
OO‘O SRR ot 1@

K-t-BuO, toluene, 2hr

N-phenylnaphthalen-1-amine
ae

N8, N'2-di(naphthalen-1-y1)-N8 N '2-diphenvichrysene-6.12-diamine

Scheme 6. Synthesis of blue dopant(BC4)

3-2-6. N® N'?-di(biphenyl-4-y1)-N® N*2-diphenylchrysene-6,12-dia
mine(BC5) &4

100 three neck flask®l 6,12-dibromochrysene(0.5g, 0.0047mol) ¢} toluen

e(156mL)E ¥ wwkskt}, diphenylamine(1.26g, 0.0103mol), Pds(dba)s(

0.052g, 0.0002mol), Potassium tert-butoxide(0.87g, 0.0280mol) FY <+

tri-tert-butylphosphine(0.03g 0.0001mol) & H 3] "o]=& ¥ refluxe

FRel A 2A1ZE v Al Y Wb TR A2l celite BH F
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toluene AVS FFH3t] A=A AA 055g= AAUTE.(Yield: 33%) Re=
04(Si0; EA : Hexane = 1 : 10), mp. 396.11°C, 'H NMR(400MHz, CD
Cly):6= 8.57-852(d, 4H), 811-8.08(d, 2H), 7.61-7.58(d, 4H), 7.57-7.55(m,
6H), 7.48-7.44(t, 4H), 7.24-7.12(m, 10H), 6.97-6.93(t, 6H) ppm., HRMS(
m/z FAB') 714.30, CsHzsNo, found 714.89

Br O N
O ‘O + /@ Pd,(dba)s, p(t-Bu)s ‘O
g ~

H K-t-BuO, toluene, 2hr
©/N

Br diphenylamine
N8 N12-di(biphenvl-4-vI)-N8 N'2-diphenvichrvsene-6.12-diamine

Scheme 7. Synthesis of blue dopant(BC5)

3-2-17. N6,N12—di(phenanthren—Z—yl)—N6,N12—diphenylchrysene—6,12
-diamine(BC6) &4
100 three neck flask®l 6,12-dibromochrysene(0.5g, 0.0031mol) ¢} toluen
e(1bmL)E ¥ W ¥HstY}, N-phenylphenanthren-2-amine(0.92g, 0.0068
mol), Pds(dba)3(0.052g, 0.0002mol), Potassium tert-butoxide(0.87g, 0.019
Omol) % % tri-tert-butylphosphine(0.03g 0.0001mol) < A 3] "o
T refluxe ZGEil Al 2417 vbE A ZITH ¥bE F5 S A2 A celite
ZH ¥ toluene A A S FFHste] =3 2H 045 A AT (Yield: 40
%) Re¢=0.45(Si0; EA : Hexane = 1 : 10), mp. 406.23°C, "'HNMR(400

MHz, CDCly):6= 8.81-8.79(d, 1H), 8.74-8.72(d, 1H), 8.66-8.58(s, 2H), 8.

_26_

Collection @ pknu



57-8.51(m, 4H), 8.16-8.14(d, 2H), 7.86-7.78(m, 3H), 7.66-7.41(m, 15H),
7.31-7.24(t, 5H), 7.09-7.03(m, 5H) ppm., HRMS(m/z FAB") 762.30, Css
HzsNs, found 762.94

o) @N

Br @\

Dy M0

OO N H Pdy(dba)s, p(t-Bu)s
N-phenylphenanthren-2-amine  K-t-BuO, toluene, 2hr OO

N8 N'2-di(phenanthren-2-yl)-N8 N'2-diphenylchrysene-6,12-diamine

Scheme 8. Synthesis of blue dopant(BC6)

3-2-8. N° N**-bis(9,9-dimethyl-9H-fluoren-3-y1)-N° N'*~diphenyl
chrysene-6,12-diamine(BC7) &4

100 three neck flaskell 6,12-dibromochrysene(0.5g, 0.0036mol) ¢} toluen

e(1bmL) & ¥ w¥HFet}E 9.9-dimethyl-N-(naphthalen-1-yl1) -9H-fluoren

-3-amine(0.98g, 0.0080mol), Pds(dba)s3(0.052g, 0.0002mol), Potassium ter

t-butoxide(0.87g, 0.0218mol) Y F tri-tert-butylphosphine(0.03g 0.000

Imol)= HA 38 Holmdl % refluxe el A 2A1ZF whg- A7t} ®b3

285 3 2L A celite B ¥ toluene NS =3l A= Z2H
055 AATh.(Yield: 38%) R¢=0.3(SiO, EA : Hexane = 1 : 10),

mp. 385.32C, 'H NMR(400MHz, CDCly):6= 8.59-858(s, 2H), 8.54-852(d,
2H), 8.13-8.10(d, 2H), 7.61-7.52(m, 8H), 7.37-7.30(m, 6H), 7.28-7.17(m,
6H), 7.06-7.04(d, 6H), 7.03-6.93(t, 2H) ppm., HRMS(m/z FAB") 794.37,
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C60H46N2, found 795.02

dy(dba)y, p(t-Bu)y Q O O‘O
a¥
K-t-BuO, toluene, 2hr O N

9,9-dimethyl-N-(naphthalen-1-yl)-9H -fluoren-3-amine O. O @

N8 N".bis(9,9-dimethyl-9H-fluoren-3-yI)-N® N'%diphenylchrysene-6,12-diamine

V

Scheme 9. Synthesis of blue dopant(BC7)

3-2-9. N°N"*-bis(9,9-dimethyl-9H-fluoren-3-yl) -N°N"*~di(na
phthalen-1-yl)chrysene-6,12-diamine(BC8) 34
100 three neck flask®l 6,12-dibromochrysene(0.5g, 0.0026mol) ¢} toluen
e(15mL) S ¥ wwratth 9.9-dimethyl-N-(naphthalen-1-yl1)-9H-fluoren
-3-amine(0.67g,. 0.0040mol), Pds(dba)3(0.052g, 0.0002mol), Potassium ter
t-butoxide(0.87g, 0.0155mol) T F tri-tert-butylphosphine(0.03g 0.000
Imol)& A3 Hojm=d 5 refluxe AElolAl 2A17F §E-3 A ZITh RES
TE F A2oA celite TH F toluenedd = FFHstd g
65g= DAt (Yield: 55%) Rs=0.45(SiO; EA @ Hexane = 1 : 10),
mp. 386.36°C, 'H NMR(400MHz, CDCl3):6= 8.63(s, 2H), 8.53-8.51(d, 2H),
8.15-8.14(d, 2H), 7.76-7.72(t, 4H), 7.62-7.57(d, 2H), 7.54-7.50(m, 6H), 7.4
7-7.42(m, 6H), 7.40-7.33(m, 10H), 7.09-7.07(d, 2H), 6.98(s, 2H) ppm., H
RMS(m/z FAB') 894.40, CesHsN>, found 895.14

&

2

o

)
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Pd,(dba)s, p(t-Bu)s 0.0
K-t-BuO, toluene, 2hr O

NS N'%bis(9,9-dimethyl-9H-fluoren-3-y1)-N & N 2-di(naphthalen-1-yl)chrysene-6,12-diamine

9,9-dimethyl-N-(naphthalen-1-yl)-9H-fluoren-3-amine

Scheme 10. Synthesis of blue dopant(BCS8)
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3-3. Blue host A& (NP, naphtyl pyrene +%A) A

naphtyl pyrene =5 &As7] 98kl  Scheme 11.3 o]
1,6-dibromopyrene®] Suzuki-Miyaura Coupling= ©]&3] 1¥H A9
naphthalen-1-ylboronic acid& =3, U™A 6 <X boronic acid
compound”] 2% 3} borate compound’] 2FS FASFe] NP(naphtyl

pyrene)+ =S A5

B(OH),
Pd(pph3)s, KoCO3
+
O OO toluene, ethanol, H,O. 6hr

1,6-dibromopyrene naphthalen-1-ylboronic acid

1-bromo-6-(naphthalen-1-yl)pyrene

B(OH)2 B(OH)
O T
naphthalen-1-ylboronic acid phenylboronic acid naphthalen-2-ylboronic acid

2-(biphenyl-4-yl)-4,4,5,5-tetram ethyl-1,3,2-dioxaborolane ~ 2-(9H-fluoren-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

[e)

Scheme 11. Synthesis of blue hosts(naphtyl pyrene %))

3-3-1. 1,6-dibromopyrene &4

1000ml three neck flask®l pyrene(20g, 0.0979mol) &+ MC(200ml) & %
J A2 A wREekth Bromine(32.86g, 0.2056mol)& MC(50ml) ¢l 3] 4]
AA A8 FJAANAT Aol A 10417 &<t wh3= Bt TLCE
odium thiosulfate E3} &4 (400ml) = +H 3t
de st A4 A4 283g(98%)E AAtt.(Yield:

£
o
S
2
=
El
[-'E
>
~y
o
(I G}
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87%) R:=0.2(Si0O, MC : Hexane = 1 : 3) mp. 220C, HRMS(m/z
FAB') 361.91, CisHioBrs, found 362.06

Br
1,6-dibromopyrene

Scheme 12. Synthesis of 1,9-dibromopyrene

3-3-2. 1-bromo-6-(naphthalen-1-yl)pyrene &4

500ml three neck flaskel N2 gass F+U A1 AEloA 9} 1,6-dibromo
pyrene(20g, 0.0552mol) #} naphthalen-1-ylboronic acid(6.65g, 0.0387mol)
toluene(200ml) €3 110TCe Al 1A 7F &<F refluxe wHE F 80%=71A] 3}
7} % Pd(PPhs)4(0.64g, 0.0006mol)= ¥ 3. 30+ &3t A7
Potassium carbonate(22.90g, 0.1657mol) = H,O(50ml)ol] <&+ &
Fdete] 55Tl 6417F Rz A1 TLCE ol &3l ®vtss &< 5 4
=7HA 2k Fol celite filter & o4& FF A7 F EA/HO0 #715
F 2 A 712 Magnesium sulfateE o] &3] &S AAMNTIL A TFA
# methanols °l&3d Z2AS AASZ FH Itk ©@= hexane2 Z colu
mn FA st AA 10.7g(98%) < A=t (Yield 50%) R¢=0.25 (SiOy
MC : Hexane = 1 : 10), mp. 242°C, '"H NMR(400MHz, CDCls):5=
8.51-8.42(d, 1H), 8.32-8.30(d, 1H), 8.25-8.21(t, 2H), 8.09-7.93(m, 4H),
7.82-7.80(d, 1H), 7.68-7.63(t, 2H), 7.59-7.58(d, 1H), 7.51-7.47(t, 1H),

7.36-7.34(d, 1H), 7.29-7.27(d, 1H), 7.25-7.24(d, 1H) ppm., HRMS(m/z
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FAB") 408.05, CsHisBr, found 409.32

J T
O“ B(OH), Pd(pph3)s, K2CO3 OI‘
O toluene, ethanol, H,O 6hr O I

naphthalen-1-ylboronic acid O

1-bromo-6-(naphthalen-1-yl)pyrene

Scheme 13. Synthesis of naphtyl pyrene 1step

3-3-3. 1,6-di(naphthalen-1-yl) pyrene(NP1) $A

100m!l three = neck flaskell 1,6-dibromopyrene(2g, 0.0055mol) 2}
toluene(20ml) & % 3 Pd(PPh3)4(0.13g, 0.000lmol) %% & 90C7HA 5=
Lo 1AZF EQF wHEAIZI  #o naphthalen-1-ylboronic acid(2.09g,
0.0121mol) 3+ sodium hydroxide(0.88g, 0.0221mol) = HzO(5ml)oll 5 A
Fd & 90TAA HEEAZIT TLCE ol &al ¥hgS 8 & Ae7tA

Wzl 3of celite filter 3 oS =

2
oy
%
3
>
~
=
O
4

N
o\
M
ic)
>

=
FES AANEL A 5H A

methanols ©o] &3 AAS AL ZHE T3 vy 24 Iy 2AH

712 Magnesium sulfateE o] &3

1.8g(97%) LA}, (Yield 72%) R¢=0.2(SiO; MC : Hexane = 1 : 10),
mp. 3155C, '"H NMR(400MHz, CDCly):6= 8.02-8.00(d, 2H), 7.98-7.94(m,
8H), 7.71-7.62(m, 6H), 751-749(d, 3H), 7.39-7.38(d, 3H), ppm.,
HRMS(m/z FAB') 454.17, CssHas, found 454.56
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]
Br O
] )
% Pd(ppha)s, NaOHH,0 C|‘
+
O naphthalen-1-ylboronic acid toluene, 6Ghr O O
(J @

1,6-di(naphthalen-1-yl)pyrene

Scheme 14. Synthesis of naphtyl pyrene (NP1)

3-3-4. 1-(naphthalen-1-yl)-6-phenylpyrene(NP2) 34

100m!l three neck  flask® 1-bromo—6-(naphthalen-1-yl)pyrene(2g,
0.0055mol) & toluene(20ml) S ¥ 3 Pd(PPh3)4(0.11g, 0.000lmol)F¢ %
OCT7HA =& Fo 1A 7L &k wwkAlZl $of phenylboronic acid(0.66g,
0.0054mol) # sodium hydroxide(0.59g, 0.0147mol) & HO(bml)ol]l =] A]
¢ F 90CoA w-sAZtE TLCE ol&d wgS A T HA271A
Wzt Fol celite filter ¥ AMES FF A0 & EA/HO0 #7155 &84
713 Magnesium sulfateE ©] 83 FES AANTFIL 9A] FF AA
methanols ©]&3 24 & AAAst2 HE T = 24 g4 2F
1.22g(93%) AAtt. (Yield 62%) R;=03(Si0; MC : Hexane =

10), mp. 1735C, 'H NMRMO0MHz, CDCl):8= 8.29-8.23(m, 2H),
8.21-8.16(d, 1H), 8.11-8.09(d, 1H), 8.05-7.98(m, 4H), 7.72-7.56(m, 7H),
752-748(t, 2H), 7.41-7.38(d, 1H), 7.30-7.24(m, 1H) ppm., HRMS(m/z
FAB") 404.16, CsHao, found 404.50
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Br O
B(OH), ‘
6‘ @ Pd(pphs)s, NaOH/H,0 CI
’ -
O phenylboronic acid toluene, 6hr O O
® b

1-(naphthalen-1-yl)-6-phenylpyrene

Scheme 15. Synthesis of naphtyl pyrene (NP2)

3-3-5. 1-(naphthalen-1-y1)-6-(naphthalen-2-yl)pyrene(NP3) %A
100m!l three neck flask®] 1-bromo-6-(naphthalen-1-yl)pyrene(2g,
0.0055mol) & toluene(20ml)S % Pd(PPh3)4(0.11g, 0.000lmol) %% 3
90C7HA 5= Fo 1AZF &2 1WA Z] $-9] naphthalen-2-ylboronic ac
id(0.92g, 0.0054mol) # sodium hydroxide(0.59g, 0.0147mol)S H,O(5ml)
o Fox T4 £ 0TCANA ®E3AZH. TLCE &3] 3= &2 +
A2 Wzk Fof celite filter & AHNE F
= B A7) Magnesium sulfateE o] £ 3}

= AlA methanol= ol&s A= AL JHE Fa U2 24 =
g AA 148g(92%) LAk (Yield 67%) R:=0.35(Si0; MC

Hexane = 1 : 10), mp. 257.1C, 'H NMR00MHz, CDCls):6=
8.27-8.25(d, 2H), 8.23-8.19(d, 1H), 8.11-7.91(m, 10H), 7.80-7.78(d, 1H),
7.69-7.62(m, 3H), 7.59-7.56(t, 2H), 7.51-7.47(t, 1H), 7.40-7.37(d, 1H),

7.29-7.24(m, 1H) ppm., HRMS(m/z FAB") 454.17, CssHz, found 454.56
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naphthalen-2-ylboronic acid

B(OH)2 Pd(pph3)s, NaOH/M,0
: -
O toluene, 6hr

1-(naphthalen-1-yl)-6-(naphthalen-2-yl)pyrene

Scheme 16. Synthesis of naphtyl pyrene (NP3)

3-3-6. 1-(biphenyl-4-yl)-6-(naphthalen-1-yl)pyrene(NP4) &4
100m!l three neck flaskel 1-bromo—6-(naphthalen—-1-yl)pyrene(2g,
0.0055mol) & toluene(20ml)S %3 Pd(PPh3)4(0.11g, 0.000lmol) &% 3
0C7A 52 Fol 1A3E Sk aRkA| 2L Fel 2-(biphenyl-4-y1)-4.4.5.5-
tetramethyl-1,3,2-dioxaborolane (1.51g, 0.0054mol) 3 sodium hydroxide
(0.59g, 0.0147mol)= HzO(bmDoll ZAA] T £ 90TolA wH&AZITh

TLCE ol sl M2 248 £ 4274 W2 Fol celite filter 5 o9

filo
off

= N7 & EA/H,0 71% B8 A17132 Magnesium sulfateE ©]&
3l FE= AAMFIL BAl FF AA methanole &8 2= st

Z 4 1.82g(93%) AAtt. (Yield 77%)
R¢=0.35(Si0; MC : Hexane = 1 : 10), mp. 191, 'H NMR(400MHz,
CDCly):6= 834-831(d, 1H), 828-826(d, 1H), &8.20-817(d, 1H),
8.14-8.11(d, 1H), 8.06-7.98(m, 4H), 7.92-7.90(d, 1H), 7.82-7.81(d, 2H),
769-7.62(m, 3H), 7.54-748(m, 3H), 7.43-7.39(t, 2H), 7.30-7.24(t, 1H)
ppm., HRMS(m/z FAB") 480.19, CssHos, found 480.60

ZHE 53

AW
rfo
i,
ox
b
w,

2z
i,
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Br

) o e i
O + O O Bo Pd(pphs)s, NaOH/M,0

O toluene, 6hr
O 2-(biphenyl-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

1-(biphenyl-4-yl)-6-(naphthalen-1-yl)pyrene

Scheme 17. Synthesis of naphtyl pyrene (NP4)

3-3-7. 1-(9H-fluoren-2-yl)-6-(naphthalen-1-yl)pyrene(NP5) &4
100m!l three neck flaskoll 1-bromo-6-(naphthalen-1-yl)pyrene(2g,
0.0055mol) & toluene(20ml) <493 Pd(PPh3)4(0.11g, 0.000lmol) %% 3
0CT7HA 52 Feoll 1A3h &<k AREAIR] Fofl 2-(9H-fluoren-2-y1)-4.4.5,
5-tetramethyl-1,3,2-dioxaborolane(1.57g, 0.0054mol) 3} sodium hydroxide
(0.59g, 0.0147mol)e H:0(5mDol =4 £ F 90Tl w37t
TLCE ©ol&sl wae &Y F A27kA 7 Fol celite filter § 9}

2 5% A7

0
f
o
>
~
=
Q
Jo
LN
o
M
o,

N

1713 Magnesium sulfateE o] &
3l FE= AAMNFIL BAl FF A1A methanole &8 2= A4St
JFHE T W2 2 =24 A 21g(97%) LA (Yield 86%)
R¢=0.40(SiO; MC : Hexane = 1 : 10), mp. 243.4C, 'H NMR(400MHz,
CDCly):6= 8.28-8.26(d, 1H), 8.22-811(m, 3H), 8.04-7.96(m, 5H),
791-7.88(d, 1H), 7.77-761(m, 8H), 7.56-7.47(m, 3H), 7.39-7.24(m, 3H)
ppm., HRMS(m/z FAB") 492.19, CsHz4, found 492.61

(Y,
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D
. Bi :@ Pd(pph3)s, NaOH/H,0
0 >

toluene, 6hr
2-(9H-fluoren-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

1-(9H-fluoren-2-yl)-6-(naphthalen-1-yl)pyrene

Scheme 18. Synthesis of naphtyl pyrene (NP5)
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3-4. FAE o 4 € &34

3-4-1. 'THNMR =9 E9

& E4& AAS CDCl; &38lste] 0.45 filters AF&3ste] o 3 31
t}. 400MHz 'HNMR ¥ E&(JNM ECP-400 JEOL, Japan)& ©]-8&3}o]
SAH ~FdEHA WAl 31219 proton, alkyl group® protons Z}Z}+e]
e AgE e WAH e e ol2is Sote FxRE

39tk 'THNMR Z 3= Appendixol] 23+

o,
rot

3-5-2. DSC(Differential Scanning Calorimetry)

T AR 3mgS aluminum PANO| B3 F=7]E AL&35lo] =3
&, DSC 60(SHIMATSU Co., Ltd)& At&3dte] = £5% 10TC/min, N»
217114 DSCE =743kt

3-4-3. #s¥ 5497}

UV/Vis Absorption Z2FEH. 9 PL(FF 4 2~FEH)S UV

F = A (M-3150, SHIMATSU Co, Ltd), Fluorescence Spectrophotometer(

F-4500 HITACHI Co, Ltd)& AH&3k Attt A5 & 9 (Solution)
FAE ImgS FAE  MC(Dichloromethane) Smloll 838 3Fe] AL-&3}

3

N
M

rlo
o
X,

3-4-4. £33 AY AF (Cyclic Voltammetry) &34

Z} A &2 Cyclic voltammetry:= WPG-200 (WonA-tech Co., Ltd)<
Abg3Ete] 25l or, 2 AFo R Pt WireE 7|+ AFo 2= Ag/
AgCl A=(in 3M NaCl<, »x A=°92 Au wireg AF&3}3l, Scan

rate 100 mV/sol A =A 3. A2 2% terabuthylammoniumhexafluo
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rophosphate(98%) & A ¥ CHsCN& o =] 0.1M £ d& whs0o] A}
g3tk 283 Ag/AgCl 7|+ A =] i3k A9 HAgor A3

0.001M 9] ferrocenes A8 3%
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4. 23 3

K
s

4-1. 771 EZAR FA

B Ao = blue dopant®] 7H-$+ chrysene2 hostA 59 A5+
pyrenes REAZ ARG FAATANAN DlEA, 13 E, 1M =T W
FAREA FE& A YehlY] 98 A7) 2A AP
BCI™8& &/d3at7] #13ted bromines AR&3ste] &=z H7F 9h-g-S 35H3
o gl ¥ AAPEe] 9+ Nitrogens E=H93sH7] 9%
Buchwald-Hartwing amination®. ® 33 aminatione <13 3te] BC1787}
A HEE g E F4S S FY o] WS A dEH e g &
] = Bis(dibenzylideneacetone)palladium(0) (99% )<= A}£3F 3., proton
S Fro} F7193 Potassium tert-butoxide(98%)S AFE£-3t3 1, ligand @
7395 tri-tert-butylphosphine in tolueneS A& 3}

NP1I5&/d3st7] #1ail A bromines Ab&s] dEAH7F vbgS X3 F
Tetrakis(triphenylphosphine)palladium(0)<S Zvwj& A}83F311 Potassium
carbonateE @7|=Z AREs] 1W 91%9]  bromideTt Suzuki-Miyaura
Coupling®. & &A%t 3 Um™XA bromide ¢lg] 2E&7]E5 o] &d] FvjE+=
Tetrakis(triphenylphosphine)palladium(0)<  A}8-38}3L, boronic acid<}
borateE Fo} F7] Y3 A7]E Sodium hydroxideEZ A}-g&3Fe] HbS-S
As)apolh, 285
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4-2. 77 ¥FAs EFEA

A 2o B SAHES gotr7] Y8 MC solutions AF&3te] U
V/Vis. absorption®} fluorescence spectrum= =74 3}ttt UV/Vis. abso
rption®] A¥= F F7F dojur] AlFsteE FEolA Lz e 7] E7
7 FA4EHA HgkE & 5 ded, ole AW AR RN E U
= Fote] e Hd A =5 dHE At ol s orlety Hetrt
T duA A7)= EEPolaron)e] AU X M= e st}
EE5e FxHog v T+Z2E 7FAY, n orbital?} n orbital® %
o] 9ot x orbital?} n” orbitalell 2]l A H 7H7Fe] bande A A
eral, dAe 1A 9] dld# #el(band gap)E 7HAIEZE o] Alo]oA] b
and to band transition®] &= HEHH. 2 FAHAE FF 2HEHES
UV/Vis. absorption®| A ] &d] F5 342 ZAste] 54 stk &7,
Ukt ~HEH S o] 835Fe] Cut off wavelenhth 9} eV(Band gap)atS +
a3l
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1=}

Fl

4-2-1. NS N° N N'2-tetraphenylchrysene-6,12-diamine(BC1) <]

FEA
Figure 13¢ BC19] UV/Vis. absorption, PL spectrum 3= e
& Table 1.o]4 HE npe} o] UV &

4

i

=
=4

E
=

W lth BCI solution®] &%
4 Spectrumeoll Al #H o] n-1" transition(Abs Amax)©] 269nmell A LERS:

=
=4

A &4 332 269nmel A excitation A7 PL ¥ spectrum=
Q1 478nmol A Hu F peak’} YWERSTE UV PL

st A3} blue 3
spectrum H|°|HE HlIE S =Z BCl solution® Cut off wavelengthe=

466nm= A4t ¥ 3, band gape eVE A4 H St}

1.2 4500
BC1 | —uv ====- F-‘Ll_ 4000
1 e
A g 4 3500
L]
0.8 —% 3000 .,
; }\ 1 % 4 2500 2
2 06 L Lt @
< / \ i N 1 2000 E
[} ‘-‘ |
04 ; - 1500 &
r
i " ! 3 1 1000
- =N o + 500
0 e T A e i i, ORI PR R b TN, 0
240 340 440 540 640 740

Figure 13. UV/Vis. absorption and photoluminescence spectra of BC1
in the MC solution

Table 1. Spectral characteristics of BC1 in the MC solution

Sample Name BC1

Abs. (nm) 269

. PL (nm) 478
Solution Cut off wavelength 466
Band gap(eV) 2.66
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1=}

4-2-2. N° N°® N2 N'?-tetrap-tolylchrysene-6,12-diamine(BC2)¢] &
BEA
%4 A3s e

Figure 149 BC2¢ UV/Vis. absorption, PL spectrum
WAtk BC2 solution®] #3542 Table 2.914 B upe} o] UV &
< Spectrumol A o n-n transition(Abs Amax)©] 269nmoll A VFEFGE
AW S5 3420 269nmeol A excitation A7 PL %% spectrum= =4
st A3 blue 99 5024nmel A Ho| 2F peak’} YERSETE UVE PL

HolgE wlgo 2 BC2 solution®] Cut off wavelength+=
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Figure 14. UV/Vis. absorption and photoluminescence spectra of BC2
in the MC solution

Table 2. Spectral characteristics of BC2 in the MC solution

Sample Name BC2
Abs. (nm) 269.0
Solution PL (nm) 502.4
Cut off wavelength 462
Band gap(eV) 2.68
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4-2-3. N° N'?-di(naphthalen-2-y1)-N® N*2-diphenylchrysene-6,12-d

iamine(BC3)9 &%54
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Figure 15. UV/Vis. absorption and photoluminescence spectra of BC3
in the MC solution

Table 3. Spectral characteristics of BC3 in the MC solution

Sample Name BC3

Abs. (nm) 271.0

Solution PL (nm) 495.0
Cut off wavelength 448

Band gap(eV) 2.77
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4-2-4. N° N'’-di(naphthalen-1-y1)-N°® N'2-diphenylchrysene-6,12-
diamine(BC4)¢ #3554

Figure 16| BC4¢] UV/Vis. absorption, PL spectrum =74 A& LE
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Figure 16. UV/Vis. absorption and photoluminescence spectra of BC4

in the MC solution

Table 4. Spectral characteristics of BC4 in the MC solution

Sample Name BC4

Abs. (nm) 267.0

Solution PL (nm) 481.8
Cut off wavelength 443

Band gap(eV) 2.80
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4-2-5. N° N'?-di(biphenyl-4-y1)-N® N*2-diphenylchrysene-6,12-dia

mine(BC5)9 &3 54
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Figure 17. UV/Vis. absorption and photoluminescence spectra of BC5

in the MC solution

Table 5. Spectral characteristics of BC5 in the MC solution

Sample Name BC5
Abs. (nm) 267.0
Solution PL (nm) 478.8
Cut off wavelength 465
Band gap(eV) 2.67
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4-2-6. N° N'’-di(phenanthren-2-y1)-N° N'>~diphenylchrysene-6,12

—diamine(BC6)2] £FEA

Figure 18] BC62] UV/Vis. absorption, PL spectrum
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Figure 18. UV/Vis. absorption and photoluminescence spectra of BC6
in the MC solution

Table 6. Spectral characteristics of BC6 in the MC solution

Sample Name BC6
Abs. (nm) 271.0
Solution PL (nm) 491.6
Cut off wavelength 447
Band gap(eV) 2.78
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4-2-7. N° N'%-bis(9,9-dimethyl-9H-fluoren-3-y1)-N° N'2~diphenyl

chrysene-6,12-diamine(BC7)2] £ 3 & A
L}E}

i

=4 23

Figure 199 BC7¢ UV/Vis. absorption, PL spectrum
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Figure 19. UV/Vis. absorption and photoluminescence spectra of BC7
in the MC solution

Table 7. Spectral characteristics of BC7 in the MC solution

Sample Name BC7

Abs. (nm) 270.0

Solution PL (nm) 506.8
Cut off wavelength 473

Band gap(eV) 2.62
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4-2-8. N° N'%-bis(9,9-dimethyl-9H-fluoren-3-y1)-N° N'?~diphenyl

chrysene-6,12-diamine(BC8)¢] &3 E A
L}E}

i
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Figure 20. UV/Vis. absorption and photoluminescence spectra of BCS8
in the MC solution

Table 8. Spectral characteristics of BC8 in the MC solution

Sample Name BCS8

Abs. (nm) 271.0

Solution PL (nm) 508.6
Cut off wavelength 459

Band gap(eV) 2.70
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4-2-9. 1-bromo-6-(naphthalen-1-yl)pyrene(NP1) ¢ 3 E A
Figure 21°] NP1¢] UV/Vis. absorption, PL spectrum =% AiE e
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Figure 21. UV/Vis. absorption and photoluminescence spectra of NP1

in the MC solution

Table 9. Spectral characteristics of NP1 in the MC solution

Sample Name NP1
Abs. (nm) 352.0
Solution PL (nm) 4414
Cut off wavelength 399
Band gap(eV) 3.11
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4-2-10. 1-(naphthalen-1-yl)-6-phenylpyrene(NP2)2] &

Figure 22 NP2¢] UV/Vis. absorption, PL spectrum
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Figure 22. UV/Vis. absorption and photoluminescence spectra of NP2

in the MC solution

Table 10. Spectral characteristics of NP2 in the MC solution

Sample Name NP2

Abs. (nm) 354

Solution PL (nm) 436.8
Cut off wavelength 397

Band gap(eV) 3.13
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4-2-11. 1-(naphthalen-1-yl)-6-(naphthalen-2-yl)pyrene(NP3)<]
T354

Figure 239 NP3¢] UV/Vis. absorption, PL spectrum =% Z¥Z& e
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Figure 23. UV/Vis. absorption and photoluminescence spectra of NP3

in the MC solution

Table 11. Spectral characteristics of NP3 in the MC solution

Sample Name NP3
Abs. (nm) 358
Solution PL (nm) 451.2
Cut off wavelength 409
Band gap(eV) 3.03
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4-2-12. 1-(naphthalen-1-yl)-6-phenylpyrene(NP4)2] £33 &
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Figure 24. UV/Vis. absorption and photoluminescence spectra of NP4

in the MC solution

Table 12. Spectral characteristics of NP4 in the MC solution

Sample Name NP4
Abs. (nm) 357
Solution PL (nm) 447.0
Cut off wavelength 408
Band gap(eV) 3.04
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4-2-13. 1-(9H-fluoren-2-yl)-6-(naphthalen-1-yl)pyrene(NP5) ¢
=3 EA
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Figure 25. UV/Vis. absorption and photoluminescence spectra of NP5

in the MC solution

Table 13. Spectral characteristics of NP5 in the MC solution

Sample Name NP5
Abs. (nm) 357.0
Solution PL (nm) 440.0
Cut off wavelength 408
Band gap(eV) 3.04
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Figure 26. Photoluminescence spectra of NP1 MC solution with

BC1, BC5 concentration(10wt%)

1 4500 09 4500
N —CTUY === NP1PL == . = BC7 Dopping FL —CEUY memm=s NP1PL == . = BCS Dopping FL
09 n - = 4000 08 7 4000
08 i — 3500 or 4 / 300
07 / / ) '
[ \ ! 3000 06 : : 3000
e i z [ Py z
[ \ ! \ 2500 5 05 X 2500 5
205 - . § k \ e ]
< V \ X Y 2000 E <04 - 2000 E
04 \ 5 \ /\ | o i 5
“ i ; & BN S
03 “ 1500 03 Vi . 1500
i5 \V.,L LN 1000 02 T 1000
/ . N S N
iy i \ . . 500 0.1 H W, 500
i \ A ! /\_ S~
0 i = S 0 N R 1 . ST e -~ = 0
240 10 4“0 540 #40 740 240 10 4“0 540 #40 740

Figure 27. Photoluminescence spectra of NP1 MC solution with

BC1, BC5 concentration(10wt%)
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Figure 29. Photoluminescence spectra of NP3 MC solution with

BC7, BC8 concentration(10wt%)
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Figure 30. Photoluminescence spectra of NP5 MC solution with
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Figure 31. Photoluminescence spectra of NP5 MC solution with

BC7, BC8 concentration(10wt%)
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4-4. 7] S} EY €3 ARA
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Figure 32. DSC Curves of BC(1; 2, 3, 4)
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Figure 33. DSC Curves of BC(5, 6, 7, 8)
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Figure 34. DSC Curves of NP(1, 2, 3, 4, 5)
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_59_

(“)Collection @ pknu
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Figure 36. Cyclic voltammogram and UV/Vis absorption spectra BC1

=43l Voltammogram= Figure 32, Figure 33, Figure 35°] Y¥EWlo
™, HOMO, LUMO, band gap® H*tx]+= Figure 34, Figure 36°] UYE}
Ytk ol& Aoz vethdiE o5 (1), (2), 3)3 &t
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ELUMO: EHOMO+Eg .............. (3)

(Eonset= onset potentials of the first oxidation wave determined by
cyclic voltammetry, h= Planks constant= 6.626x10 *']-s
C= Speed of light= 3.0x10°m/s, A= Cut off wavelength(nm))
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Figure 37. Cyclic voltammograms of blue dopant
sample Eonset(eV) HOMO(eV) | LUMO(eV) Ee(eV)
BC1 0.731 -5.551 -2.891 2.66
BC2 0.737 -5.557 -2.877 2.68
BC3 0.712 -5.532 -2.762 2.77
BC4 0.906 -5.726 -2.926 2.8
BC5 0.862 -5.682 -3.012 2.67
BC6 0.797 -5.617 -2.837 2.78
BC7 0.745 -5.565 -2.945 2.62
BC8 0.693 -5.513 -2.813 2.7

Figure 38. Eletrochemical potentials and energy level blue dopant
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Figure 39. Cyclic voltammograms of blue dopant
sample Eonset(eV) HOMO(eV) | LUMO(eV) Ee(eV)
NP1 1.358 -6.178 -3.068 3.11
NP2 1.297 -6.117 ~2.987 3.13
NP3 1.285 -6.105 =-3.075 3.03
NP4 1.291 -6.111 -3.071 3.04
NP5 1.307 -6.127 -3.087 3.04

Figure 40. Eletrochemical potentials and energy level blue host
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Appendix 4. '"H NMR spectrum of BC3
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Appendix 6. '"H NMR spectrum of BC5
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Appendix 10. "H NMR spectrum of Naphtylpyrene
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Appendix 12. 'H NMR spectrum of NP2
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Appendix 14. '"H NMR spectrum of NP4
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