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The study on the photopolymerization of
acrylate compounds and thermal polymerization of

pyrazoloanthrone derivatives
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ABSTRACT

thermal polymerization of pyrazoloanthrone derivatives

Jung, Ja Won
Advisor : Prof. Yoo, Ji kang
Department of Polymer Sci.& Engr.

Graduate School of Chosun University

The pyrazoloanthrone contains electronic aspirator will be having the being
conjugation structure where of Chromophoric group is wide and it will have
and the being conjugate characteristic is high not to be use will be possible at
electron transport layer or light emission layer of organic electro-luminescence

to judge and it researches the synthesis condition of the monomer and the

polymer.
/X —CH=CH,
N—NH [\:—N
|
QL0 "~ QO
O @)

The pyrazoloanthrone react the hydroquinone and the hydrazine and it
synthesizes and a temperature and that with a mole ratio which it will drive it

change the effect which goes influence to a synthesis yield it investigate.



The pyrazoloanthrone derivatives the functional crossroad which has a double
bond replace the proton of the N-H and the various condition which goes
influence the yield it researches. Also research against a polymerization

condition in that monomer attempts.
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138. #7]1EL(Organic Electroluminescence)®] &3
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F71EL(Organic Electroluminescence) #7118 &2} £+ 3182} vtuto &33
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Figure2. organic light-emitting diode structure
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Table 1. The luminescence mechanism of organic light-emitting diode
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A18 A ek 7] 7]

1.x] o

Dimethyl terephthatee= 79 AEL AME3I9 3, hydrazine monohydrateS
AldrichAte]l AL AF23l4t.  Dimethylacetamide(DMAc),  dimethylforamide,
pyridine, thionyl chloride, acetone, tetrahydrofurans< CaH2, K2Co3, Mgso4,
triphyenyl phosphit 522 &@dd Y9} Jd&ti= FA AL

2.7171

FT IR spectrophotometer: Bruker Co. IFS-85

FT NMR spectrometer: JEOL Co. Jnm-LA300

UV-Vis spectrophotometer: Mecasys Co. optizen 21200V
DSC: du pont Co. DSC 2000

Melting point apparatus: Fisher-Johns Co.

Hot stage : Zeiss Co.

H334du] 3 ( Cross polarizing microscope ): Zeiss Co.
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1. 1-hydrazinoanthra-9,10-quinone 2] 34

1-chloroanthraquinone 10g(0.04 mol)Z Pyridine 250mloll 231 7143ty &3iA1A
o, o] ¢AdA =<2 Fo Hydrazine monohydrate 29.9ml(0.61mo)E 4] 3]
H7bste] 140TolA 16X % 3FH AT o)3A Aol BAES FE3H7]
A3 NSL/FF=1/4(v/v) 1000mlo] Hojma] =g JAE S AUt

Aol AVTL FHFE 53 AFBF D22 AFAT], 60T AT L2
4% 5 AzZAATh olFA dojA FFTL ¥EAHo] 265Toln F5FL
78%(7.65g) 3. Tt

o] 3}3tE 9 FT-IR¥} FT-NMR 23 EHE Z+Z} Figure 1,2, 39] YeERiA )

FT-IR =84 (KBr) : 3247 cm™ (N-H stretching. NH)
3147, 3344 cm™  (N-H stretching. NHy)
1658 cm™ (C=0 stretching)
1292 cm™ (C=0 bending)
1380 cm’ (C-N stretching. CN)

'H-NMR 2= E(DMSO-ds) : 13.84 ppm (1H, s, -NHNHz)
754, 74 ppm (2H, s, -NHNH>)
8.3377.59 ppm (7H, m, aromatic)

PC-NMR 2% E#(DMSO-ds) : 1827, 1104 ppm  (C=0, ketone)
139.2 ppm (C-N ,hydrazide)
138.2, 133.7, 132.6, 131.7, 1286,
1284, 1273, 125.2, 1225, 120.2,
117.1ppm (11C, aromatic)
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Figure 8. FT-IR spectrum of 1-hydrazinoanthra-9,10-quinone
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2.Anthral1,9cdlpyrazol-6(2H)-one 2] &4

1-hydrazinoanthra-9,10-quinone 3g(0.012mol)-& 50°C¢] 6N HCl g4it58-do ¢
I T8N B BF AT oA Aol YAES HA240A 4 AFAEHL
o 2542 4 3 AF8 £ olNESR AZAY AT AX A FFEY
EEHE 283TColn 5&2 73%(2.0g)3

o] 3312 ¢ FT-IR¥} FT-NMR 2#HE#L& 27} Figure 4 ,5 601 YeEFASIT

FT-IR 29 E% (KBr) : 3159 cm™ (N-H stretching. N
1666 cm™ (C=0 stretching)
1296 cm’ (C=0 bending)
1380 cm’’ (C-N stretching. CN)
'"H-NMR 23 E#(DMSO-ds) : 13.79 ppm (14, s, -NH)

8.347758 ppm (7H, m, aromatic)

BC-NMR 23 E3(DMSO-ds) : 182.8 ppm (C=0, ketone)
139.1 ppm (C-N, pyrazole)
138.3 ppm (C=N, pyrazole)

133.7, 132.6, 131.7, 1286, 1285
1284, 125.2, 1224, 121.7, 120.2
117.1ppm (11C, aromatic)
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Figure 11. FT-IR spectrum of Anthrall 9cdlpyrazol-6(2H)-one
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3. 1-acryloyl-anthral1,9cdlpyrazol-6(2H)-one 9] $4

Anthra [1,9cdlpyrazol-6(2H)-one 0.5g(0.0022mol)E Dimethylacetamide( 120ml)<}
pyridine 0.34mlE A A3] Holx=dr} ol d& FTHLE &4 A2& AT
ol 7]9) acryloyl chloride 0.92mi(1.1x10°mol)& AA]3] "Hoj=dr}. ALS FX3
o 18A17F ¥k AjZith o] FHA Aoy WSES FHF "Bolz=y JAES HE
9T FAES F 3] THRFE AHSFT ASEEE AAAS A F Tt

Az A o] EL FEHo| 181Tolx, 582 51%(0.31g) At

o] 83E9] FT-IR®} FT-NMR £2®E 3-8 Z}7} Figure 7 ,8 ol YeEiUdt}

o
ol

FT-IR 23 E% (KBr) : 1701cm™ (acryl C=0)
1014, 1220cm™  (acryl C-O stretching)
1650 cm™ (C=0 stretching)
1292 cm™ (C=0 bending)
1380 cm™ (C-N stretching. CN)

'H-NMR ~#E#(CDCls) : 61768 ppm  (2H, acryl CH2=CH)
7.74 ppm (1H, acryl CH2=CH)
8.3377.59 ppm (7H, m, aromatic)
BC-NMR 2% E#(CDCl) : 1827, 164.7 ppm  (C=0, ketone)
144.24 ppm (C-N ,pyrazole)
138.26 ppm (C=N ,pyrazole)
1334, 12721ppm  (C=C acryl)
134.0, 132.79, 131.17, 130.64, 129.72
129.29, 126.06, 126.04, 123.79, 123.53,
121.44m (11C, aromatic)
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Figure 15. FT-IR spectrum of 1-acryloyl-anthrall9cdlpyrazol-6(2H)-one

.._24_



vuv v

19

(7

‘121

‘€2l
‘9¢1
‘9cl
L2}

6¢1

‘621
‘0E1
1ET

cEl
EE]

‘pEY
‘BE1

A

va1

c8l

ppt

100

150

200

\[1.9cd]pyrazol-6(2H)-one

C

Figure 16. FT-IR spectrum of 1-acryloyl-anthr

_25_



A3GAARF

A1d A AR 4

LgAA AR

@913 ) ==4& Fisher-John's 5E4 57%7) 2 DupontAte) A& FAF &
FAZ FA3Aom, F224L Bruker IFS-66& AH43le] 42 FT-IR 2¥E
#3 JEOL-LA 300 AH&3l9 ¥4 FT-NMR 2#HEg o 2 HE] Q0 34
o

Acryl”1 € 7} l-acryloyl-anthrall,9cdlpyrazol-6(2H)-onee] UVE 43 27}
Anthral1,9cdlpyrazol-6(2H)-one ¥ wavelength® o] %3t}

Anthra[1,90d]pyrazol—6'(2H)—one-T’—}1—hydrazinoanthra—9,10—quinone%
1-chloroanthra quinone ¢} chloride®ll 4] hydrazid 2§22 thAE]o] 265CA]
Z=4S BAY) pyrazolE2 AE A And 1mele FFo 2 24THAA H9te
o q71e T acrylZlE 25EH 181TAM F=d& BATh

1-hydrazinoanthra-9,10-quinone®} %42 1H-NMRoJA AAs+ 13.79ppm¥
754, 7.36 PPm¢] hydrazid 712 ¢ & 2o, 13C-NMRoIA &= 139.19ppmell
A F AT = HolH AFEHGAE 600ppmol A chloride7} Abetx] 3, 2}
Z} 3247, 3147, 3344 cm-191A N-H stretching, 1380cm-1°] A" AL 918
At
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ABSTRACT

The study on the photopolymerization of

acrylate compounds

Jung, Ja Won
Adpvisor @ Prof. Yoo, Ji kang
Department of Polymer Sci.& Engr.

Graduate School of Chosun University

UV 373 A=dol AHEEE 3 AseA9 43 ASS 249 £33 3
W AHgstel @TagE, A9 240 W P e g A=
A3t FE sk} A2yl 2A& 100:0,70:30, 60:40, 30:70, 2 0:100 wt% = 3+

A7e.o0], NIR 2% 8¢ Ag3te] UV-3 3% 289 Zsinxyel Ahxe
2 poste okad-dolE, vd =, olEA 719 NRES W& TR o]

i)
Yo
oX
o
i

= 719 intensity 27 FEZ A staz}a},

B AT AHEE UV B8 FAZE olAd8HolEA &2avs Ry, J2ln
v ok d#H ol EAQ o FAlolE 35E 3 Hd dE= 3gtEels F AMARE
diaryliodonium hexafluoroantimonate (Irgacure 184) ¢} 1-Hydroxy-cyclohexyl-
phenyl ketone(CD-1012)& A}-&-3}3i ).

UV ZAsx 2o A 33t A% UV 2AF Aztdlel] ot & 2 H9H 499 54
Fr wEe g #FS T A3 A= AF AGES T nEIH
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A1G. A2

Buz, o2, 29 A%, 18T £X 5& AR BT AUy A4S A
3513 WEE AAele] nRAY Tz} SHAVEHE oAAsE GE oeEHe
2A4e 7, %, Bt Msatie sk glen ga avHeiR,

A2 o Aol &g nEA AUV AHSHUNT eHoz AFHA

A9 ZAsFAel ALAYY. 2710] UV Aste oladuolE, deadaols, 1
Ju weolns F3} 2L vdUHA £ AsIAEHAYLH, o5 UV
g8 AHE FTBe] da wgo] PRE AR FFAA HU LT Fo
CrivelloEel la] UV A8l A48 + gt sk ANAA Aggel wet o
dUBAY ohe} o) ZA £} 2 YEHA W AAIY SR A Wol
Aem, 2 H4ews] =P 78 2 43 AW oh $F, FF Aol WA
A BFAR AzNAA HFH A,

UV ZAbel @ ASALdlA B4ol 922 WAL A2 e dAUZ
o We ANREel B 543 BHE 244 23 T 5 At

Sz wgel % #F A FF FAAZA el UL A wgo] @
2 dojun] o] glow Fah wrge] AYHX @ SHo| glow, Fol W
o o% F Bske i 9 Boh A 9n A wgo] Yojuhx wow,
UV 24} F o458 RAAE Ashgoel A% ARl Baol BA F33
7 Btk 2y @214 SR % A3t AR WA FR Fol A
Holm Fol& FFA HUEF Fol& F AxAL A& tuk wtel Aol
sieh.

Wdold 4% o Ast A 4T ANE FRer)d A 2] F9
sokstml AW o] FA HFTL v]dolAel o5 A% ANt Ax HAe] Bk
S AL TSl =Tk 540 ok

o
ZA

_29_



el B dFodAe shzda Fol FA BAE EAAE /AHEI] o
st AF HojA 2 ¥ stel B =(Hybrid) FEiet dEo] 242 Al 2gld A 9
ZAe wstel =4 & A3} AFE 730k
System

ool & Z3lo] 9|3 cyclo aliphatic epoxide /VE system

gt F%oll 93 Aliphatic urethane acrylate/acrylate system

Cyclo aliphatic epoxide/acrylate hybrid system

Aliphatic urethane acrylate/VE hybrid system
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2.4%

2.1 materials

HoAged Algd 3 F3 A EF  Aliphatic urethane acrylate( UA )¢}
3,4-epoxycyclohexylmethel-3,4-epoxycyclohexane carboxylate ( CADE)& AH-&-
stAa s A2= 14 cyclohexane dimethanol divinyl ether (CHVE,
RAPI-CURE, International Specialty Products)®} Trimethylolpropane triacrylate
(TMPTA, Sartomer)& A}&3t3th F/MA Al 2= Fo]& 7HA]AI?] Diaryliodonium
hexafluoroantimonate(CD-1012)2}2tt] 2 7§ A1 A1Q1  1-Hydroxy-cyclohexyl-phenyl
ketone (Irgacure 184, Ciba-Geigy)& AH&-3t1on AF o] 38724 1310

ek wigle.
oL, (o
CH—0—C
0
CADE
HZC=HC—O—-HZC4<:>—CHQ—O—-CH=CHZ
CHVE
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I
H,C=CH—C—OCH,
i
H,C=CH—C—OCH,—C—CH,CH;
I
H,C=CH—C—OCH,

TMPTA

(I)H
s C ,Z—CH—CH20—®—I+—®

SbFe-
CD-1012
0
Il
C
O
Irgacurel84

Figure 17.structure of CADE,CHVE, TMPTA,CD-1012,Irgacure 184
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2.2 Catingformulation,curingprocedure

UV A3 Azdge] FAL Table 19 deERAT. AlHES {271d Hel
wire-wound rodE A&l 45Mmel FAZ Az} oen @z 29 80W/ecm9
UV 2= g zALste] AgA AT

2.3 NIRmeasurement

UV 3733 A2 ALgHEe 3 A5 A3t ATE &A87] A3t 714
FA3 mid-IRAYelIA JEdE F4R=E SA3e 2dE 2UER 719
2 FHYAH EPEE ALFPUE dAFeAd Agd 2FHAP JUle
UV-VIS-NIR spectro meter(Hitachi:Japn, U-3501)2 UV XA} A7tdjel] @& &
el d9e 54 F WESY WztE nFdgH

ccating | Catiaic Sydtem Radca Sstem Hind System HirisSsten
conparet @D R0 B0 AL
CAE 6 7| 3 6| 71 3

GIE 317

5 6

TVPTA 4 317414 3|7

A | Q3| 03| Q3 Q18] Q18| Q1B Q12| Q12| Q12
Irgpaire] 34 03| Q3{03(Q12{Q12{Q12|Q18| Q18| Q18
IADID (006 | 0B | 0B |0G | 0| 0| k| kb | 0| k| k| Qb

Table 3. Formulation of the UV coating systems. (Data are shown as weight

percentage)
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3. 28 % E9

3.1 UV~ curing of polymerization

UVZA 3ol A gt Za} Folo o wk-g WAYFL 2 zo|7} R 3. gz
g UVell o3 F7iAA 7 @43} 5o] A g Zo] AAHx, an, 2
xolE 843 A F Ad PRTRE AFZsA Hu, diolF wge
Hydrogen doner =+ a—cleavage©l 98] 45 Wolsao A2 2oz A
o2 o] Fojzir

FolZ uh-g-2 Folal B A 2E| = Ak carbonium ion 2 trialkyloxonium salt$-9l]
o JHAI =W Fol A A} FEAl| =SS FHR R o] UVASHE Fol Al A7}
Fol o3 3= Fo] 23} ghrjZo] AAH 1 o] AAE o] r]Zo) HE MO Ui
counteranion® 2 A] A} 85 = o] &4 3}3E BF4,,,,,,, SBF& 3 ¥kg-3to] A A ¥ protonit
o s k-go] APxE = Aoz LA Yot

2] 23 Fol2 sfAjo] 2%t HF-g-2 schemel, 20 e ST}

OO O

lmonomer

Polymer

schemel. photoinitiation of a radical-type polymerization

R " ~ hv R .
1 SbFg W [ + + Re + H SbF¢

scheme?Z. photoinitiation of a cationic-type polymerization
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B AFoA A1gd BerEe yHSAL 35 dAYUF g 1 wkgAgol &
Fon Hldolr g} o Falol=o] 99} o] ghAeto] o] Fgo] o7 A7}
B2 C=C bondol 93} Wk3Ae] o)/l A= YU Z Bicwo] ©E v
A 9] zpol= 120 YeRAT

100 - 22 27 ?
] g e — |
/‘
80 /

60_- rad « TMPTA

e UA
a CHVE
40 + ——— o— e o CADE
2oﬁ
/
0 v T ¥ T T T ¥ T y 1
0 20 40 60 80 100

Figurel8 .Near-ir spectrum of CADE resin
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3.2 UV-curing of cyclo aliphatic epoxide system /VE

cade/chve®] UVZ3to] m}& 35t3 7= WgE 13 3,4,5°] e YA

uncuring)
0.10 - UVcurong)

Y Axis Title

0.05 —

Flal
A  IRPE—
W

T T T T T T T T T T T . T T ; T T 1
100011001200 13001400150016001700180019002000210022002300240025002600
X Axis Title

j TN “hl&.k\“* —

Figurel9. Near—ir spectrum of CADE resin

4

o] ZAlol=9] o] AloA ABAE protonit ol
Atol =7]9} wk-3-3ta] T}hA] oxinium@ol g A3t AGNH3-o] Haslo] A FAT
zo] WA E T 2Y39dA 8= upe} 2] cadedl A= 443719 92 1800nm 99, 2
2la 71 F 23 o EAbol= 9§99l CH,CH2 MW= 2298,2380nm 2o A &2
HojR o 337t Aggolute} o] FAalol= WPH A7t gAstar F4kstr] o] OHH A9
C=0¥3& Xgst1 )+ 1800~2100nm Fol =, 13t 1400nm F2¢ 47171 24
7tk RS A5 drt.olg g AL 25 QoA 44| protonitel €] CADEY]
78} wk3-2 schemed 9} 2ol el @& 4 2ok

SbF 4

O R
s + - > +
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0
SbF

+H *
_ >— Polymer
O O — monomer
n O OH
n
' (6]
CHy— OQA j\CDo

0]
|
R

+ 0
CH;—GH—0 J\(:Do CH,=CH—O0—R

o +
] CH;—CH—0—CH—CH—CH,;—CH—OR

SbF ¢ R
AT a:%o ;
H—0 R n-1

scheme3Copolymerization of a vinyl ether and

acycloepoxide
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Figure20 . Near-ir spectrum of CS (CADE/CHVE) system

4
monomer CHVE ? ? ? ?

0.20
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e —

0.10 —
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-

WAL . I I | G, .
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Fig.21. Photoinitiated hybrid polymerization of mixture of
cycloaliphatic diepoxide (CADE) and triacrylate monomer
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Figure22 . Near-ir spectrum of CHVE resin.

Ccs??

N,

1
2000
X Axis Title

Figure23 . Near-ir spectrum of CS (CADE/CHVE) system
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CH2=CH—(|3|—O O—(Iil—CH=CHz CH,=CH—O0 O—CH=CH,
O O

O
9 ¢=o
R—CH;—CH—CH,—CH—CH,—CH—CH,—CH—CH,—CH
PR §
i i
Q ®
o - CH;—CH—CH;—CH—CH,—CH
o 1 5 4
R—CH—CHZ—(liH—CHz—(I‘H—CHz—CH—CHZ—éH o o
il i) i,
i i

scheme3Copolymerization of a vinyl ether and

acycloepoxide

Fig.6. Photoinitiated hybrid polymerization of mixture of
cycloaliphatic diepoxide(CADE) and triacrylate monomer (TMPTA)

100 — =
1 HS2 o w* e ———
* * H T fee———
*—’-’*r*"‘-—_j//:

B i s . -

CHS2
HS2
DHS2

m Acrylate
# Vvinylether

— T — ——T
8 10 12 14 16|,.1s o 2 24 26 28 30 32 34
ime(s

Fig.7.Photoinitiated hybrid polymerization of mixture of
UA and divinyl ether (CHVE)

Figure26.
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1004 " HS1 system
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50 = m Acrylate
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Fa 6. Phatainitiated hytrid paymerization of mixture of
oydadiphatic depodd(CADE) and tiaoylae monarer (TMPTA)

Figure27.
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3. 4&

71&9] B AAE 2471 o2 9 Vinyl ether$}t acrylate® AM&3te 3 7
g A2de A3 ASE Near IR 39S ALt &8 #2359

3 A3 Al2" = cycloaliphatic diepoxide ¢ divinyl ether& A}£3  Cationic
system (CS)9] Z$-+= 161Inme} 1705nmoll YE}U= vinyl ether$} epoxy7] 9 %
g9 HF AREY FEZ vinyl ether’t 3 A3pakgd ¢S Ao dun YSS
& F AR
Hybrid Al2%] ¥ cycloaliphatic diepoxide$} triacrylate monomerE AF-83F HS1
systemo] X Acrylate7] 7} epoxy”7] Xt} A3} €59 A3dFo] 95 g2 UA
9} divinyl etherE A}&-3F HS2 systemo} A= vinyl ether”’} acrylateB. ot} 337 3}oj]
Hg &9 e Aoz e,

3 A3 3o o HEE vinyl ether, acrylate, epoxy & ojQon 1 A I}

z2¢ et 2479 Aol AR Qee & + AN
296 CS Aagol 24 e ZsEe ud vl ole2s)s} ol ZA7]e] 1]
A WME Fost e AVEZ AANT FARY FHE GRE JZA )0 o3

AYE UV A} F CS system®] A]7roll w12 postpolymerization22 & 4 U
=8
gz T3 Fol FH 9RE BAstua F FHAS A ALREE
olBHE|=A XA Atxe] A3} ASE B stuat okaPdHo|EA vd =
& =438t (HS2 system)UA (60wt%) /CHVE (40wt%)o A Hld o g 29
we st AEE Fo] BAXE o3 BHlE V|9 T A £x9 F
7he ¥ol2 HylyFEe 2 Hld o Hl 27} Homopolymer? HE)E o]F1 o}z W)
o]E 9} Copolymerd] JHE olF= F 74 fAUZCE FAH
Interpenetratingpolymers network (IPN)Y< HoFr}, HS2 systemd] wWE A3
E7 ASREL 123 UV A ¥ Postpolymerization Z 3ol A& BT}
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