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ABSTRACT

Synthesis and Characterization of A New Blue-Light-
Emitting Anthrapyrazole Derivative

By Lee, ji hong
Advisor : Prof. Yoo, Ji kang
Department of Advanced Parts and

Materials Engineering

Graduate school of Chosun University

The potential of organic semiconductor devices for light generation has been
demonstrated by the commercialization of display technologies based on organic
light-emitting diode (OLED).
red & green phosphorescence OLED has been reported element having high quantum
efficiency, but blue phosphorescence OLED has low efficiency so far. So, for
improving property of |lighting or display, it is essential that improving
property of Dblue phosphorescence  OLED. In this study, the  new
blue-light-emitting material, which is composed of anthrapyrazole with
anthracene as main unit, was designed and synthesized.

The structure, of the anthrapyrazole compound was identified by FT-IR and NMR
spectroscopy.

The light emitting characteristics and the thermal properties were
characterized by  UV-VIS/Fluorescence  spectrophotometry  and  DSC/TGA,
respectively. Thermo Gravimetric Analysis (TGA) revealed that the material is
thermal ly stable upto 250°C.

The synthesized anthrapyrazole derivative exhibited deep blue fluorescence is
solution. Photoluminescence (PL) spectrum recorded at room temperature exhibited

a broad blue emission peak at from 410 to 465 nm ( Amax=413 nm).

- VIl -
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Table 1. OLEDSl At

1963 | anthrance S22 RH M8 &A Pope
Smal | Molecule OLED(Organic Light
1982 Emitting Device), US patent filed C. W. Tang
Double layer OLED(Organic Light Emitting
19871 Device), V<10V, 1000 cd/m2, 1.5Im/MW C. W. Tang / Van Slyke
Polymer  OLED(Organic  Light Emitting .
1990 Device), PPV LED Cambridge Univ. Friend
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13 inch SVGA Top Emission AMOLED(Organic
2001 Light Emitting Device) Sony
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2001 15. ]nch XGA AMOLED(Organic  Light Samsung SO
Emitting Device)
1 inch PM Full Color OLED(Organic Light
2002 Emitting Device) Mass Production SNWD (kor ea)
2002 17 |noh_ WXGA PQIymer AMOLED(Organic TMDT(Toshiba-matsushita)
Light Emitting Device)
2003 20_ |qch a—S} TFT AMOLED(Organic Light ID teck
Emitting Device)
2 inch AMOLED(Organic Light Emitting Device)
2003 MAss Production : Digital Camera Kodak
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21 inch WUXGA AMOLED(Organic Light .
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110Lm/W Green OLED(Organic Light Emitting
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2005 Emitting Device) (a-Si TFT) Samsung Electronics
20.12IX] AM OLED(Organic Light Emitting o .
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“IFA 2009' 0l Al 1591 Xl OLED(Organic Light . .
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Az o st=2us)|sd8HR

o



3. OLED &

oF
S

OLEDS

s
0
)
o

KI0
nr

I

N
(=Rt

te 22 ZMEH Co2 Gall

—/

gio
=

Chs

- =0ICH

RSl

o=

Rl
=
<H

ol
0o

Hol

SS(HTL

Al-Poly(p-phenylene vinylene)t

3+

RO

Injection Layer),

Hol
: Emitting Layer),
: Electron Transport Layer)2 ZRAE0H 0 &I

S (EML

gtn
=3

Transport Layer),

100nm

o
ju—

!

[u]
=

!

g
=

S (ETL

=
HEZ <Figure 1>t

& K=

ol

2
=

LdZAXO0II] 201 2+ Al

OLEDE= HMot== &

M0
RO

of F=oUHX &

e
=]

= =Jtot &

! PSS £= Cu-PC)

& = (PEDOT

b & X

LiO, CsF

AFOIOI O0.5~1nm E&E9| Lif,

HES

=
nr
0l0

B
Kk
K

ol
il

|

Fol 2w

IHOIRE X

gt
=3

=1

Figure 1.

otX
=

tI1 <

o}

=l

0l
£ EclHdorgls Il

HEet Ot2 REXIt AAEE L.

ol
K-
Ho
K0

IF

o]
nr
o0

0l
Ko
40
3+
il
RO

Eeclotel,

ol

ClOt

o)

o=

e
==

A MEEIN =

=
—

INEEJC RS

gt
=

et A

Ol X0l ket

I

S
=

el 2

AWM= 0 Cet Z2EE 0

ISON;

-

0
oll

0

ol

[l
H0

ol
Ho
K0

o)

oK

[[e}
il
falll

x

Kl0
0
ol

~
1o
0
3+

s}
il
o

ol
KI0
0
ol

®r

Kl

o1
Kl

&KX

IAIlE 5822

=2 ==
=2 o

lE=)

S
=

S Wl W2



4. OLEDS & OIAHULIS

OLED &&= A=0A = 30 S=30A =S X2 THZ2EH 2o 220l
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1 TO

#* HIL:Hole Injection Laver
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Figure 2. OLED Z& BIAHLIZ[8]
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1,5-Dichloroanthraquione, 2-hydroxyethy  hydrazine, bis—(4-chloropheny!)
sulfone, sodium hydride2 &M &0l AIE GIR2H, EUHZE AEE 1-methyl-2-
pyrrolidone(NMP)= spectroscpic gradell AldrichAl MIS2 &HMSI0I AFE5tA 1, D
Et pyridinedt THF= JunseiAt2l GR grade MIEZ2 EMGHA 210 ALESHULE.

2. J| Il

=2 A9 Agl EHAXAME Rl AHEE JDl= U3t 2Lt
FT-NMR spectrometer : JEOL JNM-LA300
FT-IR spectrometer : Shimadzu 8601PC
TGA (Thermogravimetric Analzer) : TA Co. TGA 2050
DSC (Differential Scanning Calorimeter) : TA Co. DSC 2010
UV-visible spectrophotometer : OPTIZEN 2120UV
Spectrof luorophotometer : SHIMADZU RF-5301PC
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H2 & SEAHQ &4

1. N, N'-Di-(2-hydroxyethyl)-anthrapyrazolone(DHEAP)2| &AM

1,5-Dichloroanthraguinone (3.0 g, 0.010 mol)S pyridine (130 ml )0l 40C=Z Jt<L
ot 2&a5| 2ol Al2! & 2-hydroxyethylhydrazine (1.70 ml, 0.025 mol)S Al A3l

SOt etlh. B2 2= 125TC0HA 7S AIIH 20AI12tset Bt2S AIZCH =D Bt
=]

S 6AlIZ2t = TLCZ BtS XS &QIst & 2-hydroxyethylhydrazine (1.70 ml, 0.025
mol)2 &t O EIISHCH BrS BZ F Br3D| 22 EME LLSF[ZE pyridine 100
1€ HA otd, §2 82U SF= 3 L0l SEH 2AI2ts0F W = 41 SHALCH.
HUE SetE2S SF[F+F 23 MAEHS = 50T DXIGHHAM 24A12tSF HEGHA
Ch AXE S22 MAEOHI| 25t0 THFUH ZHAIZ112 hot filter S & 50C
o DEIUMA 12A12tsQF M2 XE StALCH. =M MRH SFEHE JHEl DHEAPE 2.85 g
2ACH, =SE2 8% JULt. Ol &2 SHWMES Figure 14. 0l TAIGHALE.

A ZLIDI6H0l M DHEAP (0.50 g, 0.0016 mol)E NMP (1-methyl-2-pyrrolidone)
(40 ml)Oll 60C= JtEot0d SadAI2] = sodium hydride (0.38 g, 0.016 mol)E E%
Ct. BtS X& RE LI ot0 TLCE =& & = bis-(4-chlorophenyl)sul fone
(0.45 g, 0.0016 mol)2 MAGI HIISICE. BISAIZI2 & 10AI2tS¢e SIS H, A
O XISHSICH BIES B2 = g8 ME=2E 7= L0l B0 1AI2E 014 Wit
S O USIACH. OutE EAZE2S ST+ 43 MES & 50C DX SSHOIA 24A12¢
SOt AXTAHA et FE228 JAL. HEAE SE2S MZHG6H| 2ot THFE Al
EotALH. Ol & BCSPAPE 0.732 g 0IR) =SE2 57.1% AL, 0l &2

;gf
a

il
0x

WAEES Figure 15. 0l = Alot
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2

Cl o)
2-Hydroxyethylhydrazine

1,5-Dichloroanthraquinone

Pyridine
125°C 20hr
Y
H
N‘ N /\/O
N

N, N'-Di-(2-hydroxyethyl)-anthrapyrazolone (DHEAP)

Figure 14. The synthesis mechanism of N, N'-di—-(2-hydroxyehty!|)-anthrapyrazolone
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Bis-(4-Chlorophenyl)-sulfone

NaH NMP
10hr

0]

Il —
A Do

0]

N, N'-(Bis-(4-(4-chlorophenylsul fonyl)phenyoxyethyl)-
anthrapyrazolone (BCSPAP)

Figure 15. The synthesis mechanism of N, N'—(bis—(4-(4-chlorophenylsulfonyl)

phenyoxyethy | )—anthrapyrazolone
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5-DichloroanthraquinoneOl 2-hydroxyethyl hydrazinedt Et&0o
& hydroxyl 12 XIZ&I010F GHXIEH BtS=25 140C, =H| 1:32 &
Lo X2t = SAS BRUCH FT-IRI FT-NMR AEEZZ Figure 161+ 1701
SR A Bol & 4 el -0H T3 (3400 cm)
aliphatic C-H stretching I3(2924 cm")E & QIS8tO2M hydroxy| It XIEE
N T=32(1

A

H

to

o
3Q
|0
=
m
T
>
AL
x
N
B
1A
mﬂ:

o

20l ofALCE. L8t el BtES0l 0Lt MA= pyrazole D2le C=

cm )2 C-N m3A(1394 cn')S SQIGHYXICH, BESSEUAM LIEIHLE C=0
m')JF 2HE T LB UCH| DF -0HZ X0 IXEsE LUAS

FT-NMR AHEZHS AP H aromatic ring? 4= 67 ~ 8.50 A S&E =2
1

2|2 LIEHUD, hydroxylDdl =4 8§4.9(t, H)HA ZHEZA
(@]

i
(@)

, aliphatic —CHxCHy-
= A2 84.6(t, 2H)2k 84.4(m, 2H), &63.8(t, 2H)0IAM &l LIRUCH. 0IBHSE 2
Hel T3 &2l &0 otLt 32l Il32 20l= Olgs YE L0 -0Hz S4E
stefEut stE0E —0HR! FFE=0l A0 AJl HEO0ICH. =2 =SE2 2| oM
2-hydroxyethy| hydrazineZ 1,5-dichloroanthraquinonell 58HE &IIotE EtES=2%

125°COlA 2-hydroxyethyl hydrazineE 230l Z2Xd 22 2.58% UHAM ot &
HAoIULH. MAE =SS FT-IRI FT-NMR ABE™ S 282F Figure 181 Figure 1901
LIEFLH ACE.

USHO| R ABEHWME UEILIA 2= -0H I13(3280 cm ')t aliphatic C-H

1]
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stretching I13(2946 cm )E SQIEO2M hydroxylJI2 X SEASS ¢ £
Ch. L8t D2ls 820l Yol MAE pyrazole D219 C=N L3 (1661 cm ')l
I3(1383 cm )2 &olst 2 QICH J2lDd =U2Z0A UELE ¢=0 113

,5- =

cm) Al IRMIA LIEFLFR SQUCH M2tA 1,5-dichloroanthraquinone2l 2k

ol

FT-NMR A E&ENH M= aromatic ring2 =4A&= 87.46~7.50 HIA S&st S22l
LFEFLHDY, hydroxydl A& §4.93(t, 1H)OIA LIEFGCH. aliphatic —CH:CH- =
2t 8§4.47(m, 2H)2t &3.87(t, 2H)OIA LIEFGCH. DHEAPE UI&l 20|22, 2249
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Figure 16. FT-IR spectrum of the

mono— and the di-substituted 1,5-dichloroanthraquinone mixture (KBr)
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Figure 17. "H-NMR spectrum of the mono— and the di-substituted

1,5-dichloroanthraquinone mixture (DMSO)
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Figure 18. FT-IR spectrum of the
N, N'-di (2-hydroxyethy|)-anthrapyrazolone (KBr)
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Figure 19. "H-NMR spectrum of the
N, N'=di (2-hydroxyethy| )—anthrapyrazolone (DMSO)
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Figure 20. FT-IR spectrum of the recrystallized
N, N'=di (2-hydroxyethy|)-anthrapyrazolone (KBr)
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Figure 21. 'H-NMR spectrum of the recrystallized
N, N'=di (2-hydroxyethy| )—anthrapyrazolone (DMSO)
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2. N N'-(Bis—(4-(4-chlorophenylsul fony | )phenyoxyethy | )-anthrapyrazolone
(BCSPAP)S| St LU A

BCSPAPE & &aotI| Gt EcldE FHES 0I=otALCH. NP
DHEAPE =¢Q! = bis-(4-chlorophenyl)sulfone 1t BFSAIH 2
chlorophenyl-sulfonyl)-phenoxy?| 2 XI23IALCH. Selgd: 4
e das L=0t.

EtES=2%  140COIM DHEAPOI CHOtd 2.2=HI2l sodium hydride?t 1=HI2
bis—(4-chlorophenyl)sulfoneg B& AUE M= LZF LH0| 4-(4'-chlorophenyl-
)-phenoxyJ| 2 XIStZ/{0F StLt 0 MHEE2 ES =
2 USMH22 Figure 222 232 FT-IRI FT-NMR A ESH 0| Al BCSPAPIE & EIX

s—(4-chloropheny!)sul fone2t 20|10 DHEAP= £0
M NaHQ| 226t +=AEH XHEOZ DHEAPIL 2ollEl HeZ FHEIC.

2tstoldl ?loted 8= M=20AM =&otUU. <& DHEAPE 60T 0l Al

-

ARUCH. MZ2Hoto &

[

NMPOIl 22X 3| ol Al2! & sodium hydride@ bis—(4-chloropheny!)sul foneS & Jtat0d
AR20M BrSS MAGIRUCH. BHS SHl= 140TCUH AL <2 OH&IIXZ 1 2.2 1
OIS BtE Md=2s 22 = MBEGHH FT-1RY FT-NVRS =& otRUCH. FT-IR
FT-NMR spectra= Figure 24, 250IlA 212f LIEFUHRUCH EHSOl HHELUSS & =
UJACH. DAL BCSPAPEEH OfLict &% 2D Bt20| MEE StegE2k AuUSS
2HOIGHALTH

FT-IR ARE2A A 0I8t=22 -0H T 3(3432 cm ') It
0 LIEHLHE S0.2 &2 T3A(1328 cm )T SQIGHACH. FT-NMR AHENME
hydroxy D2l =40t 8§4.8(t, H)UWAM LEIS20, 64.5(m, 2H)2t 84.2(t, 2H), &
3.7(t, 2H)UIA aliphatic —CHCH— JF 2t2F LIEHREQOI, &7 ~ 8 ALOIOIA aromatic
ring2 A0t S&& I322 ZACH. BCSPAPEH SHEIUCIH OIB&42=Z aliphatic
—CHCH— 2902l T 2D+ LIEFLIOF Gt=0l 0] Stet22 3012 O3 E 2R 1 Olgs
DHEAPS| k2% &rchol —OHD|J} 4-(4'—-chlorophenyl-sul fonyl)-phenoxy? |2 XI& | O0f

otXIgH Bt 0 XgtE stetsilt &&E 25 X&E S0l A0 UAJl H20lct =3

LIEtSt 20 BHS0l MAHEAS

SICH PISMESS CHAl 8t BRSO &48F BISPAPE S 4 UOU AHES
SM HD O 4S80 LOD BEEO NaHO SHIZ 3H B0 CHAl AEBIACH



BCSPAP2| &rA0lIA NMP 40 mlOll NaH 0.38 g 2+0l AtEZIR/UI| 20 spectroscopic
grade2 NWPet GtHetE 1 =0 =XHote 0122l 20 NaHRF BHSot0d AHIEOf
DHEAPS| 2UZ Uttt -0OHE -0Na'Z 0I=23 AIDIJI0 ES=28 20IACtD BT ALY,
(tetA sodium hydridell =HIE 108HE sl 2 B8 A2 2

Boz Gt FT-IRI FT-NMR AHEZHZS EQIGHASH Figure 26, 270 LIEFLHRUCE.
HOl 2D SLSE0A 2010l JtsHE  -0H I3(3280 cm ')Jt ALt

QUACM, aromatic ring C-H (3080 cm ')t S0 £ 13(1328
C., Z2UXOR =USZIQl DHEAPS LZ 2= 4-(4'-chloropheny |-
sulfonyl)-phenoxy& XIS AS2 =0 & = UCH.

FT-NVR AHESH M= DHEAPOIA EQIEIE hydroxydl =20t Atetdl dE el &t
[, 8§6.7 ~ 8 AOIOIAM aromatic ring2l =4It =&st 1l
O, aliphatic —CH,CH:— = 22t §4.52(t, 2H), 4,81(t, 2H)oll
A 222 =40 st ¥=2Hl= aliphatic CH.E JI&E22 J|XRH 1:1:5.52 0]
2OIGHAUCH. DHEAPZ HCl aliphatic —CH.CH— 2Ct down fieldOilAl

ASES 57.1% 0IACH.
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ULL.)

4000 3000 2000 1000

Figure 22. FT-IR spectrum of the product for the synthesis f
N N —=(bis—(4-(4-chlorophenylsul fony ! )phenyoxyethy| )—anthrapyrazolone
at high temperature (140C) (KBr)

_40_



ppm

Figure 23. 'H-NMR spectrum of the product for the synthesis of
N N —=(bis—(4-(4-chlorophenylsul fony | )phenyoxyethy| )—anthrapyrazolone
at high temperature (140°C) (DMSO)
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Figure 24. FT-IR spectrum of the mono— and the di-substituted
N, N'-di (2-hydroxyethy|)-anthrapyrazolone mixture (KBr)
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Figure 25. H-NMR spectrum of the mono— and the di-substituted
N, N'=di (2-hydroxyethy| )-anthrapyrazoloneixture (CDCl3)
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Wavenumber(cmﬂ

Figure 26. FT-IR spectrum of the
N N'—=(Bis—(4—(4-chlorophenylsul fony | )phenoxyethy | )-anthrapyrazolone (BCSPAP) (KBr)
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Figure 27. "H-NMR spectrum of the
N, N'—=(Bis—(4—(4-chlorophenylsul fony | )phenyoxyethy| )-anthrapyrazolone (CDCl3)
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JI TH201 Teot &ol &SI0H EX 22 22N A0ICH 28 2UE AWML 2+ Al
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Figure 28. TGA thermogram of DHEAP at the heating rate of 10Cmin.
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Figure 29. TGA thermogram of BCSPAP at the heating rate of 10C/min.
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Figure 30. DSC thermogram of DHEAP (in N»)
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Figure 31. DSC thermogram of BCSPAP (in N2)
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Figure 32. Ol Lt
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shimadzuAtel spe
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INR=Xe]0:!

E&Z2 Figure
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S
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|5t Mecasys At2l spectrophotomether (Model .
ot e, SEME THFOI =RACH. DHEAPS
1, BCSPAPE 1.46x10° molsE2 &g A Al
Band pass = 1nmZ OotALt.
EHLHACE. DHEAP= 409 nmOil A
o3

o=
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Qi
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rr o

= A =
=T E 23

= -1 AA
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4,

DFD}-OI (e
T . B o gl

M2l fluorescenceE
ctrof lurophotometer (Mode!. RF-5301PC)E 0OIZot¥ 12,
OlH, BCSPAPS s&E=

ot} Ch. Band pass 1.5 nm, PMT voltage= 450 V OlUH,
33.0fl LIEFLHRACE.

DHEAPS| =&

9.7x10°® mol=s%2 fluorescence

x

>

—
—

Table 6. Spectroflurophotometer SAA| A& XA

Spectrum Typ. EM

Scan Range 250.0 nm to 600.0 nm

EX Wavelength 400.0 nm

Sample Pitch 1

Slit Width EX:5.0 nm, EM:5.0 nm

Scan Speed Super

Sensitivity Low

Response Time Auto

Shutter Auto, Open

DHEAP= 413 nmUlA =0 €& T3AE UEIWH 201 BCSPAP €Al 413 nmUlM =ICH &
Z 03I LUESO. & S&XM2 XO0I&E2 intensitydt Ch2Ch= Zd0ICH. BCSPAPS)
=Hl= DHEAPECH 4.5H1 £330 E Z306l1D intensitys 2.7000F O =H USCH. 1
Olgs D&s2 EZ3MEIt &) fdlde 22Xt ASE=E0| AHYEE 20 di
HOMHS 2= ollOF ol=0l DHEAPELCH BCSPAPIE bis—(4-chlorophenyl)sul fone 22
01t HIHHAEZE  YJ| 20 O =2 &22 intensitydt LIgCH 22 & JH<
2 O3JF HetS=0 413 nm, 438 nm, 468 nm GIA 22 LII3E UEISCH PLE =
oz 2ot 229 SEMe=E M YN ZE daetlie A2 010U
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Figure 32. UV-spectra of DHEAP & BCSPAP in THF.
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Figure 33. PL spectra of DHEAP & BCSPAP in THF.
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2 HF0AN HECHES JIx=28t HECHIICIE REME SHE  E4 ZASH 2
t= st 20

gMc s JFXD U= 1,5-dichloroanthraguinonesS 0|60 Mgy S& QI
_|

DHEAP & BCSPAPE & & otRULE.

. 248k DHEAP2 BCSPAPS] S XA A S 2t&sH Z 1t DHEAPSl =D| 2o &= 261T
(Loss 5%) S E AIZEEZI0, BCSPAPE 200TC (Loss 5%)FE AXEASH, & HM 2
s2 286 CH A LIEISGCH. SH/Ststd el €4 822 IetE el XS
He= Z2AE REXNSERZ HEEH SAFLH0 = & A2 B0lU A= 2
MEe |RAAX T2z 2o TmOl 200C OIFHM ZoHZIACEH.

. UV-visibleOlAl 365 nm ~ 410 nmOlA S& Xl 3J4e HIIE 25 = U=0 0l

FE =l THE2S0| otEHMI(anthracene)S E&oll) ULl AS SOIAIAF

JI& &tCH. £3l, intermolecular interactionOll 2 excimerOil 28t m3AJF &

s SS0lA LIEHLERD &010i, MHEe 24 & O HE2HE0l 206 AU
Ctd & =+ RUCH.

2 280N gdet DHEAPRE BCSPAPE EH 48 S0l 410 nm ~ 465 nmOilA €& 1II3
£ 28= =0olotjlt.

. DHEAPE Ct= BCSPAPDF PLOIA intensitydt =X LICH. Ols, XIEDJ|IE HSAIZ
OZMN 2= SIZE bis-(4-chlorophenyl)sulfone @& anthracenel EOHZZ0
A HIEHIZZIZZ HEIE JUAHA intermolecular interaction2 < HMIMI| HZ0I
Ct.
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