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Synthesis and Photoluminescence of Pyrazoline Derivatives for OELD

Dong-Eun Kang

Department of Graphic Arts Engineering, Graduate school engineering , Pukyong National

University

Abstract

We synthesized pyrazeline derivatives, which are widely used in the industries
because of their high luminescent efficiency and blue emission property. And we
confirmed them by NMR, GC-Mass, elemental analysis.

We investigated their absorption and photoluminescence properties using
hydrophobic and hydrophilic solvents and analyzed the spectra using Lippert’s
equation. The pyrazoline derivatives were synthesized by condensation reaction,
their melting point showed that those having phenyl substitutes were higher than
others. The absorption peaks of pyrazoline derivatives appeared at approximate
370nm and 270om , which are considered those of pyrene and pyrazoline
chromophores respectively. The fluorescence peaks is located around 400nm with
shoulders which corresponds to pyrene dimer. And fluorescence peaks shifted
toward long wavelength as solvent polarity increased.

We could suppose the difference of dipole moment between ground state and

excited state using Lippert’s equation.
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Fig. 1 Structure of EL device.
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Table 1. Comparison of organic and inorganic EL device

Organic EL ; :
: . {norganic EL
monomer polymer : .
. - short short
Life time (5000~50,000hr) | (2000~ 10.000hr) long |

Flexibility flexible flexible hard
Working voltage(V) 5~10 23 100
Efficiency(lm/W) 15{max) 3 <05
Luminescence(cd/m®) 150~ 200 120~150 100
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3-1. Aok & 717

Qe 4854 TA00, electrothermal engineering A}, =7 =
HAFEY(JNM ECP-400, JEOLAR), Ao A gHdA~AEHFT-IR, [FS
88, Bruker(Germany)Ah), #4&4(EA 1110/EAL1108, FISONSAhHS %
stol =] 2 2 548 Fasan

94 24 2¥ME3 (UV-2101/3101pc, Shimadzurh)e 3
&3 = A(F-4500, Hitachi*h)& AH-&s4 )

3-2. Pyrazoline 74 34

3-2-1. a ~Pyrenethylene-acetophenone (1a)

Acetophenone 1.46g(12mmol) % 1-pyrenecarboxaldehvde 2.33¢g
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3-2-2. o -Pyrenethylene-2-(3-mehtylfuran)ketone (1b)

2-Acetyl-5-methylfuran  1.52g(12mmol) 3} 1-pyrenecarboxaldehyde
2.33g(10mmol) & ol ¥t& 15ml9} &4 50ml 2zt Eal 230 Wi
ol KOH 0.85g(12mmoD& #HF% 6mio] 43 3o o

324N T B Lol wuFth oy gole Me AR Ao

rt

o
S
1pr

3-2-3. ¢ -Pyrenethylene-2-furan ketone (lc)

2-Acetylfuran 1.34g(12mmol)3}+ 1-pyrenecarboxaldehvde 2.33g (10mmol)
Z e 15mist 97 50ml dzEdizme Wi o] &% 8o 2o
KOH 0.85g(1Zmmol)E& ZH/4 6mldl =o] Q@1 244)7F Zeb 264

akstgith, £ &9 Lo KOH 0.85g(12mmol)E 2824 Gmlo] 2

8 %9l gele YR 2447 ok Aeo)d mustact

olmf gole] 42 A w@ag mgor 547 AT Ay T e
S Bt g 2R F FHE st 2A 43S 99on o
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3-2-4. o -Pyrenethylene-2-thiopheneketone (1d)

2-Acetylthiophene 1.55g(12mmol) 3 I-pyrenecarboxaldehyde 2.33g

(1I0mmol)E ol ¥h& 15miz €4 50ml Az Sel sz Qe o &8

£ %ol KOH 085g(12mmol)€ Z5F4 6mlo] €43 =0 fag
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3-2-5. a —Pyrenethylene-2-pyrroleketone (le)

2-Acetylpyrrole  1.32g(12mmol)3}  1-py renecarboxaidehyde 2.33¢g
(10mmoD) & “N&-Z 15ml¥t &7 50ml 7S~z Q) o &3
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3-2-6. o -Pyrenethylene-2-fluoreneketone (1f)

Z2-Acetylflurene  2.55¢(12mmol) =} 1-pyrenecarboxaldehyde 2.33¢g
(10mmol) & N EHE 16mis} 7 50ml 47t Zelszo] Yetd o 3
& &l KOH 0.85g(12mmol)E ZF7<F 6mlol =9 fS Q3 244
i ol A wabdch ojgf fole] Mo n@Ag =
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3-3. Pyrazoline %4 A

2-3-1. 1,3-Diphenyl-5-pyren-2-yl-4,5-dihydro-1H pyrazole (DPP)

@ ~Pyrenethylene-acetophenone(1a)lg(3mmol) ¥  phenylhydrazine 0.7g

6ommol)E ol &E 5ml¥} T4 50ml T ubeh Zalao] do] gAl 7t

2EE sl 1

—

FodLon YAz %

. _
2 AaAsel mAR 2yge 2

re

=

dz
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2-3-2. 1-Phenyl-3- (5 Methylfuran) -b—pyren—2-yl-4,5-dihydro—
1H-pyrazole(MPP)

@ ~Pyrenethylene-2-(3-mehtylfuran)ketone(1b)1.03g(3mmol) ¥}
phenylhydrazine 0.7g(3mmol)& &2 5ml7 7 50ml S #fg =
ghazo] Yol 642 ot FFAAHT WS Fy T Aeow wriaz

W ogs s o] 8l AHEAS A v

T HEES sto uA 249 d9e

2-3-3. 1-Phenyl-3-furan-5-pyren-2-yl-4,5-dihydro- 1H-pyrazole(FPP)

@ ~Pyrenethylene-2-furan—ketone(1¢)1.03g(3mmol) 3} phenylhydrazine

<
..q

Jgdmmol)E IR & 5Sml A 50ml F2 HlE ZEla3d ol 64

¢+ ES BHRAADG we 2

b

FoALcE YD ¥ AHE 5o

A AEE dRhou dHEE ol gt AAFE] B P B

rlo

2-3-4. 1- Phenyl~3*thi0phene*5*pyren~2*y]—4,5*dihydro~
1H pyrazole (TPP)

@ - Pyrenethylene-2-thiopheneketone(1d)1.04g(3mmol)
phenylhydrazine 0.7g(3mmoD)& &2 5mlzt &7 50ml 52 vl =

Bredel gol 642 Sk FFAAT. e FB F Aoz WAz

R
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2-3-5. 1-Phenyl-3-pyrrole-5-pyren-2-yl-4,5-dihydro- 1H pyrazole (PPP)

@ ~Pyrenethylene-2-pyrroleketone(le) 0.98g(3mmol)3} phenylhydrazine
0.7g(BmmoDE: A F-E& 5miz} &7 50ml T vld Zalx3o] Yol 64

2 Eo BFAAG B

o

2§ decz yrAy ¥ LS 89

A A%E AA nA 2RE GBI L olgae] AAYH B
gejel % =@ AL A

2-3-6. 1-Phenyl-3-fluorene-5-pyren-2--yl1-4,5-dihydro- 1H pyrazole (FLPP)

@ - Pyrenethviene-2-fluoreneketone(1f) 1.26g(3mmol) ¥} phenvlhydrazine
0.7g(Bmmoh) & NE-& Smldt 7 50ml S vt Sepsazo] Q2o 647
S BAFAHG BE R F HAEog WA 3 BHE sto] 34

s dodrh 1A 242 dHEg olgsle AAAHNE B2 Py
A
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4. A7 9 uF

4-1. Pyrazoline & 7vA] 3A
Pyrazoline®] FZFA= acetylaryl 2323 pyrenecarboxaldehyde 3t et
B9 3 wgoz A AedA 2P 2L & A Aol

thatod M= Fig. 39 YEbRl e 7 A3 E table 20 YERAYG T

Il I
o o)

SM1 SM2

KOH(7wt % solution in H,0) Ar._ E\ OO
c”

EtOH, r.t., 24hr I

o=
I

} la 1b lc 1d le 1f

o 0 S N
| T Y 0 [

Fig 3. Synthetic scheme of precursors.
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Table 2. Precursors of pyrazoline derivative

Yield Melting Elemental Analysis(%)
(%) Point Calcd.(found), Color
° (T) Molecular formula
(C:90.33(90.41),11:4.85(4.82),
la 60 200 Yellow
CosH10
C:80.69(85.61), H:4.79(4.81} Deep
1b 74.3 138
CoaH 160 vellow
C:85.70(85.55), H:4.38(4.46)
1c 68.3 186 Yellow
CosH 1400
C81.63(81.05), H:4.17(4.22)
1d 59 241 Orange
CozH1408
C:85.96(85.81), H:4.7(4.71) ]
Light
1e 778 201 N:4.36(4.32)
vellow
- _CosHisNO
(C:81.40(91.32), H:4.79(4.69)
1f 77 263 Orange
CaHaO |

_16_



4-2. Pyrazoline f+53d 9 34

Pyrenethylene-aryl-ketone# phenylhydrazine2 o] &3] ojgtg =0
A oA g 9 vigi A e e 239 pyrazoline GEAE A S Qo)
°l FHAELE Fig. 49 JEUS R 712 EAe]l et table 3ol
2 R A

H E
6hr, reflux N~

Ar
DPP MPP FPP TPP PPP FLPP
0 o S N
A T e O 0[O
. |

Fig 4. Synthetic scheme of pvrazoline derivatives.
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Pvrazoline 523 R

._'%.
BoAAE dBER AAAL HS T Hee oled +3 AFHA

o},
of A% AFEY FFol ALdH S Herl =A velhdon
oA L AHEZFHRT T4 etH o] =] wio|gt AztE}
Table 3. Chemical properties of pyrazoline derivative
Vield Melting Elemental Analysis(%)
(%) Point Calcd.({ound), Color
N ° (C) Molecular formula
Ci88.12(88..31), T1:525(5.62), N:6.63(6.62)
DPP | 552 240 Yellow
CaiHasNo
C:84.48(84.31), H:5.20(5.14), N:6.57(6.48) Light
MPP 63 145
CaoH:eN2O Yellow
_ C:84.44(84.35), H:4.89(4.46), N:6.7H6.97)
FPP | 5568 192 Orange

CoHagN2O

C:81.28(81.14), H:4.70(4.92), N:6.54(6.41) Light
TPP | 747 202

CooHaN2S Yellow

C:84.64(84.51), H:5.14(5.41), N:10.21(10.11)| Light
PPP 68 213

CooHi N3 Yellow

(C:88.38(89.32), H:5.13(5.69), N:5.49(5.21) Light
FLPP| 72 278

C:&%HzﬁNz Yellow

- 18 -
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4-3. Pyrazoline % A

Pyrazoline &% A ¢

2 10°M s22 A%

Y 2AERE 2487 98 ZE AR

o, EmiE AFA Evihexane, toluene,

chlorobenzene, chloroform, ethylacetate, dichloromethane)sd <=4 &
"l (tetrahydrofuran, acetone, acetonitrile, methanol)® T23te] =35}

Ao 21 A3= Fig. 5~100) el
4-3-1. DPP 2] 2354

27 Eriol X DPPe H4¢9 23 ~HEAL Fig 5(a)el v}eR
At FF AFERE 340nmet 270nm 22 F wavt Jebhgon
HM0nms} 270nme] 2 DPPe] wAwel pyrene? pyrazolined] ztzt
o

F4722 Aedc 2 ANEDE MonmitTe A 932 o

v

7l e s dte] Z4stdd. DPPe 23 Hd 93 4L 400nmE
el A # 2 w3z} dEhen 500nm REolH E e gur w)
A7F vt ol 31 DPP9 pyrene chromopher®] #4 71z ¢4
dimer7} @4 =of veEld F=Zatn AziEg £33 Fg 5h)s 254
oA DPPe] &9 g ~AewS Gehfdch 254 & A

=

¢t #ro] 340nme} 250nm P2l A F #=vh dulwch PL 3% 4 7

Zhel Grfell ShE 7] B2 table 40} el a4
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Fig. 5-a Absorption and PL spectra in hydrophobic sclvents of DPP.
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Fig. b-b Absorpticn and PL spectra in hydrophilic solvents of DPP.
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Table 4. Exited wavelength and maximum wavelength of DPP

R . . S
Hexane 343 403
Toluene 345 410.2

Chlorobenzene 3475 410
Chloroform w5 420.8

M Ethylacetate 3455 411.2
Té;;ahydrofuran 3;25 423.6
Dichloromethane 348 410.2
Acetone 343 442 4
Acetonitrile 339 406.6
Methant;:m 341 N 406

e © Exited wavelength at PL measurement p: Emission
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Fig. 6—a Absorption and PL spectra in hydrophobic solvents of MPP.
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Fig. 6~-b Absorption and PL spectra in hydrophilic solvents of MPP,
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Table 5. Exited wavelength and maximum wavelength of MPP

€ A max P APL max
Hexane 3;2 462.4
Toluene 388 N 465.3
Chlorobenzene 383 475.6
Chloroform 402 492.8
Ethylacetate 374 457.8
Tetrahyd;ofuran 368 -.":159
Dichloromethane 382 488.8
Acetone 373 468.2
Acetonitrile 386 503
Methanol 381 468.2

e . Exited wavelength at PL measurement p: Emission
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4-3-3. FPP ¢ #3454
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Fig. 7-a Absorption and PL spectra in hydrophobic solvents of FPP.
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Fig. 7-b Absorption and PL spectra in hydrophilic solvents of FPP.
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Table 6. Exited wavelength and maximum wavelength of FPP

¢ A max PAPL max
Ii?:xane 343 4034
Toluene 339 A:173.6
Chlorobenzene 416 475.2
Chloroform 335 i 394.2 N
Ethylacetate 383 466.2
Tetrahydrofuran 2.5 417.2
Dichloromethane 348 411
Acelone 383 487.4
Acetonitrile 386 5128
Methanol 378 467.4

e . Exited wavelength at PL measurement p: Emission
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4-3-4. TPP ¢ #3354

2224 gojold TPPY F4sl w3 ~=llEXL Fig. 8(a)ol e
At FF AFER2 320nmet 340nm F2olA F oHArE e e
320nmmet 340nme] I 32 & TPPe ATl pyrene™ pyrazoline®] 2}z

o] Ervaz Agdd. @t A"gEDL 340nmyY2 A 25 o

Sol = W@ ¥Ast gEron] T Fig 8h)t 024 S
TPP S¢ & ~FAERIS Y

g} 390nm(450nm) -2l A F = =27 el PL A A Zhzre] &
mell ¥ 7] #FE table 7ol B3

_31_



200 250 300 350 400 450 500 550 600
Wavelength (nm)

PL intensity (a.u.)

\ i

380 430 480 530 580
Wawelength (nm)

Fig. 8-a Absorption and PL spectra in hydrophobic solvents of TPP.
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Fig. 8-b Absorption and PL spectra in hydrophilic solvents of TPP.



Table 7. Exited wavelength and maximum wavelength of TPP

: € A max PAPL max
Hexane 343 40;.4
Toluene 346 422.6

Chlorobenzene 416 475.2
Chloroform 345 v 433.4
Ethylacetate 343 420.6
Tetrahydrofuran 3425 417.2
Dichloromethane 348 411
o Acetone 343 w 447.8
Acetonitrilg 344 “‘7”399.8
Methanol 330 398

e . Exited wavelength at PL. measurement p: Emission
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Fig. 9-a Absorption and PL spectra in hydrophohic solvents of PPP.
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Fig. 9-b Absorption and PL spectra in hydrophilic solvents of PPP.
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Table 8. Exited wavelength and maximum wavelength of PPP

€ A max P APL max
Hexane 343 403.4
I Toluene 389 m 460.6
» Chlorobenzene 416 475.2
Chloroform 345 409.2
Ethylacetate 383 442.6
Tetrahydrofuran 342.5 417.2
Dichloromethane 348 411
Acetone 343 4473
Acetonitrile 344 399.8
N Methanol 330 398

e * Exited wavelength at PL measurement p: Emission
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. 10—a Absorption and PL spectra in hydrophobic solvents of FLPP.
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10-b Absorption and PL spectra in hydrophilic solvents of FLPP.
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Table 9. Exited wavelength and maximum wavelength of FLPP

© A max P APL max
Hexane 392 445.8
Toluene 401.2 472
Chlorobenzene 416 - 475.2
Chloroform 34;5 - 404.2
Ethylacetate 382 - 452.4
Tetrahydrofuran 3425 417.2
Dichloromethane 348 411
Acetone 382 162.6
Acetonitrile 340 396.2
Methanol 3588 449.8

e . Exited wavelength at PL measurement p: Emission
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4-4. Lippert's equation2 o]-&3% EJFEA 3|4

Table 4~92] 3 & Stokes shifts( »,— v,)37} Lippert's equation(Eq.
1L olf3dle] ¥ Aol T4 pyrazoline FE=<Q DPP, MPP,
FPP, TPP, PPP, FLPPol| tidle] H&3 Z3E Fig. 11~16 o ek
A,

7 A3 Lippert's equation®] 7127190 p, - g, 352 FPP7 714 =2
A vpebten] o] A& Stokes shifts®} @3 F=rt 2A YEldoE 3
guisty 23 574 49 A9 AXEE o F Yo YA g, - p

ZHS table 109l YERNSTH

-

o g
te

e

Table 10. The slopes of the plots

DPP MPP FPP TPP PPP FLPP

Pe ™ He| 95391 | 3830 | 43609 | 1697 | 38478 | 3006
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