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Preparation and Characterization of Hybrid LED RED

Organic Fluourescent of Perylene bisimide derivatives

Seung Min Lee

Department of LED Convergence Engineering, Specialized Graduate School

Science & Technology Convergence, Pukyong National University

Abstract

The white light of hybrid LED is using red and green organic fluorescent
layers made in PMMA film as color down-conversion ‘layers of blue
light-emitting diodes. In this research, we report the synthesis and
characterization of red organic phosphor by using perylene bisimide derivatives.
The solubility, thermal stability and Iluminous efficiency are important
characteristics of organic fluorescent for hybrid LED. We prepared red organic
fluorescent(1C,1D,1E) by the reaction of pheol 4homophend, 4-Hodophendl  with
NN'-his(4-bromo-26-diisopropylphenyl)-16,7,12-tetrachloroperylene-349 10+tetracarboxyl. -~ diimide (1B in the
presence of DMF, at 70°C. The synthesized derivatives were characterized by
using 'H-NMR, FT-IR, UV/Vis absorbtion &PL spectra, and TGA analysis.
The absorbtion and emission of (1C,1D,1E) was shown at 576-610 nm in
UV/Vis spectrum. In the solubility analysis, Bromo-perylene and
Halophenoxy-perylene showed the good solubility in general organic solvents
such as CHCI;, EA, DMF, MeOH. And in TGA thermogram, perylene
fluorescent (1) with 4-bromophenol have shown good thermal stability.
Especially, (1C) showed good thermal stability without significant weight loss
to 220C. The blended films of (1CI1D,1JE) with PMMA (polymethyl

methacrylate) at different weight % concentration such as 10, 5, 1 weight %

= Vil -



have been prepared. The blended film was shown at 610-616 nm when

monitored at 450 nm in PL emission spectra.
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Figure 1. The general structure of perylene bisimide derivative



1. A 2 4717

1,6,7,12-Tetrachloroperylene-3,4,9,10-tetracarboxylic dianhydride= Alibaba
Aboll A FYdted ARESFR AL, tetra-n-butylammonium tribromide, phenol,
4-bromophenol, 4-iodophenol> Alfa AesarAtollA] F+43ste] AR&3FH 1L,
PMMA (polymethyl methacrylate, Mw ~ 350,000)% Sigma-AldrichA}ell A

Y3tATh FT-IR spectrum =8-S 9% 7]7]& PERKIN-ELMERALS
Spectrum XE AF&3}%3l, UV/Vis absorption & PL spectra 742
ShimadzuAte] UV-24502 A& 'H-NMR spectrum =42 JEOLAF
JNM  ECP-4007171& ARSSISla,  dgdid  (TGA)s  #1F 7=
PERKIN-ELMERA}S] TGA 7= AF839tt. PL  emission &excitation
spectrum<  HITACHIALS] F-4500717]15 Apgsle] =AsPn, AMAEH

Konica MinoltaA}le] CS-100AE A}-&3}$ ).



2. Bromo-perylene #7183 #¥A

Scheme 1. The synthetic procedure and structure of Bromo-perylene; (1)
calcium carbonate, methanol, 25°C, 12 h, (ii) propionic acid, 120°C, 48 h, and (iii)
potassium carbonate, DMF, HCI, 70C, 24 h.
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7}. 4-Bromo-2,6-diisopropylaniline (1A)9&] &4

Tetra-n-butylammonium tribromide (3.43 g, 7 mmol), cacium carbonate

[e)

3 g% 100 mL Fgkxzd Y, orld W Y%

=

o

2,6-diisopropylaniline (1.26 g, 7 mmol)¥ &" & methanol (10 mL)<

7heto] Aol A 1241%F wRk stH A RbES P vEFo] dEH F

~

A BHE ol &sty =S Aol &3 AANH. AdEe =

ethyl acetate® FZ=3dtd 7] F& EE3 H, JASEI]E ethyl acetate

7 mmol)= AT [16].

rlr
ox
ox
(e
25
N
(O8]
Q
[@)Y

£ 433 AAsS HAo) 3l

yield: 62.5%.



1. NN-Bis@-brann-26-diisopropylphenyl)-1,6,712-tetrachlaroperylene 34 9,10-
tetracarboxylic diimide (1B2) $3

1,6,7,12-Tetrachloroperylene tetracarboxylic acid dianhydride (0.53 g, 1
mmol), 4-bromo-2,6-diisopropylaniline (1.3 g, 5 mmol)—% 100 mL =T}~
Ao Yia, o7]o] &ulE 30 mLe propionic acidE 7}t &3)AIZ]
Fo argon 971 Z 120TColA 4843t ¥E3-& Pt w-go] 4EHHA
Feor WAAZ H, v Ed=d & 50 mLE AH7bste] A" HA
ES FEE ol&ste EHaAT. 1A APES Hd] Az Fol
hexane : ethyl acetate (EA) EFE&WE o] &3l 714 & A=EwE I

U2 st &5 A8 =(027 g, 027 mmol)<= AATH [17].

yied: 27%, 'H-NMR(CDCl,): & 1.18(d, 24H), 2.7(septet, 4H), 7.47(s,
4H), 8.76(s, 4H).



o}. N,N‘-Bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetraphenoxyperylene-
3,49,10-tetracarboxylic diimide (1C)¢] ¥4

1B (0.5 g, 0.5 mmol), phenol (047 g, 5 mmol), potassium carbonate (0.35
g, 25 mmol)E 100 mL Z&xFol| Y3, 7)o ¥-§ §rlZ 40 mLo]
DMFE 7} 3o argon E9712 70TColAH 2443k ¥HE& D3P}
Hbe EYEs d2oR A% F o 100 mLe| 2N

ol guwE ¥

2412 o ik ety JHES AR

o g
g
Ho o
o =
O
>
B
L
ofo o
L2 2
2
ol
= 9

oX
i
et
=
i
flo
iy
2
e
Auj
Ll
/o,
ofo
ol
£
s
AC)
ol
k
e

yield: 56%, FT-IR: 2963 (C-H, aromatic), 1.743 (C=0), 1.665 (C=C),
1.287 (C-N), 668 (C-Br) em ', 'HNMR (@D, § 1.18 (d, 24H), 2,7
(septet, 4H), 6.95 (d, 8H), 7.11(t, 12H), 7.37 (s, 4H), 8.25 (s, 4H).
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Figure 2. 'H-NMR spectrum of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetraphenoxyperylene-3,4,9,10-t
etracarboxylic diimide (1C)
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Figure 3. IR spectrum of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetraphenoxyperylene-3,4,9,10-t

etracarboxylic diimide (1C)



3. Halophenoxy-perylene 7]333 9 34

\H (i)
A T

B
0
+ —
Wy
r HO=R N

(1D) : R = 4 - bromophenyl
(1E) R = 4 - iodophenyl

Scheme 2. The  synthetic = procedure  and  structure  of
Halophenoxy-perylene; (i) cuc»,, cmon, 25°C, 12h, (ii) propionic acid, 12
0C, 48 h, and (iii) x,co,, DMF, HCI, 70C, 24h
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7}. 4-Bromo-2,6-diisopropylaniline (1A)9&] &4

Tetra-n-butylammonium tribromide (4.83 g 10 mmol),
2,6-diisopropylaniline (1.77 g, 10 mmol)= ©| &3} o] xo] B AF4 ol A
gk dA438S Fasted 2o Aol e AHE (162 g 62
mmol)S AT} [19].

yield: 62%

1}, NN-Bis(@brono-26-diisopropytphenyl)-1,67,12-tetrachlaroperylene-34.910-
tetracarboxylic diimide (1B2] A4

1,6,7,12-Tetrachloroperylene tetracarboxylic dianhydride (1.01 g, 2 mmol),
1A (256 g, 10 mmol)¥} propionic acid (60 mL)E 125 mL Zeh~=e] H

748t argon E97] 3ol A 120CE 48417t WA AT WHSEFES 4
202 YZAANA APE 1A AdES FE ¥t Y & AR PE
< E/WE(13) EFEE A HAG TS &3] AxRste &

gk A= (110 g 1.1 mmol)= AAUTH

yield: 55% H-NMR(CDCly: & 1.15(d, 24H), 2.63(septet, 4H), 7.40(s,
4H), 8.70(s, 4H).
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o). N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-bromophenoxy]
perylene-3,4,9,10-tetracarboxylic diimide (1D)¢] ¥4

1B (030 g, 03 mmol), 4-bromophenol(0.50 g 3 mmol), potassium
carbonate (0.20 g, 1.5 mmol)E 100 mL Ze}2=Hol g1, of7]e] &uj=E 20

, BHs EFES A2 WA & b, BESE
&< 50 mLe 2N hydrochloric acidoll ¥ AT 2417 &<t wRES 33}
o IHES AN £ A" IAdES ASHEEHE ol &35t ¥
olgA EHF =S =2 AoAF &3] HxAIFT. dxH 1
438 A7 @ F2nEIgAR 2
3

ko] mebal Hub o] =53 AHE (037 g 057 mmol)e AT

yield: 80%, m.p: 180~183C, FT-IR: 2964 (C-H, aromatic), 1706,1671 (C=0,
amide), 1580 (C=C, aromatic), 1480,1407 (C-C, aromatic), 1338,1211 (C-N,
aromatic amines), 958,874,741 (trisubatituted = benzene ring), 822
(para-substituted ring) cm !, 'H-NMR (CDCl;): & 1.1 (d, 24H), 2.63
(heptet, 4H), 6.82 (d. 8H), 7.4 (d, 8H), 7.42 (s, 4H).
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Z}. N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-iodophenoxy]
perylene-3,4,9,10-tetracarboxylic diimide (1E)2] ¥4

1B (0.51 g, 0.5 mmol), 4-iodophenol (0.47 g, 5 mmol)E 1C¢] /4 HA

S Faste] A=zskATh

yield: 78% (0.68 g), m.p: 180~183C, FT-IR: 2963 (C-H, aromatic), 1708,
1670 (C=0O, amide), 1583 (C=C, aromatic amines), 951,870,746
(trisubstituted benzene ring), 825 (para-substituted ring) cm™', 'H-NMR
(CDClL): & 1.1 (d, 24H), 2.62 (heptet, 4H), 6.7 (d, 8H), 7.38 (d,8H), 7.6
(s, 4H).
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Figure 4. '"H-NMR spectrum of

1.
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N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-bromophenoxy]

perylene-3,4,9,10-tetracarboxylic diimide (1D).
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Figure 5. IR spectrum of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-bromophenoxy]
perylene-3,4,9,10-tetracarboxylic diimide (1D)
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Figure 6. '"H-NMR spectrum of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-iodophenoxy]
perylene-3,4,9,10-tetracarboxylic diimide (1E).
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Figure 7. IR spectrum of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-iodophenoxy]
perylene-3,4,9,10-tetracarboxylic diimide (1E).
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7}. Bromo-perylene 8339 43 £4

Table 1. TGA data of Bromo-perylene .

No. <95 % <90 % < 85% < 80 %

1C 220 C 433 C 454 C 463 C

Table 1°| Bromo-perylene 1C2] F&©°] 95 %, 90 %, 85 %, 80 % ©|st

O]

A uf 255 7 FAS] F3hth Perylene® bay 91Xl phenoxy A

;

715 =43 1C= 220c oA °F 5 wthe FFHAL7F dojubal b Fol &=

o

133 A A9 FF a7} Qe AER 953 A BN AL
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Figure 8. TGA thermogram of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetraphenoxyperylene
-3,4,9,10-tetracarboxylic diimide (1C)
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. Halophenoxy-perylene ¥3x19] 43 &4

Table 2. TGA data of Halophenoxy-perylene.

No. <95 % <90 % < 85% < 80 %
1D 170 C 385 T 425 C 463 T
1E 170 C 349 C 370 C 382 C

4% Halophenoxy-perylene 713334 (1D, 1E)& bay Xl &A%
o] & T4 Y¥2F 7ML Y= phenoxy’lE = EAF TR
A & G FFE TIdeEdT 2y AR EAF Aol Erke
YAZHCH, CBr, CI) ARAZIS o7k €4 54 dF= 7= A=
AT 4 AU Table 2014 = 5 UKol F47 1D} 1E= 24 170
CollAq oF 5 wtho] T& A4zt dojifil, 53] 1D =] 170TlA
385C 7MA= A TF A&7t

ol
0% 5% I S AL s,
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Figure 9. TGA thermogram of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-bromophenoxy]
perylene-3,4,9,10-tetracarboxylic diimide (1D).
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Figure 10. TGA thermogram of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-iodophenoxy]
perylene-3,4,9,10-tetracarboxylic diimide (1E).
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2. Perylene bisimide f+r=A4¢ &3= &4

Hybrid LED §2jelA d¥ +71% 3

B 4%e @ & d= Zeseelde §7)

ZFotutol=o] g FA4HdF  bormo-perylene  bisimide  (1C)<}

Halophenoxy-perylene (1D,1E) &4 {7|gFA 2] &3= F48 A34E Y
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7}. Bromo-perylene 839 £3= &4

Table 3. The solubility of Bromo—perylene fluorescent organic solvents.

Bromo-perylene Chloroform Methanol EA DMF
1 AN X A AN
1B ® A O O
1C ® &) ® ®

®:.5wt% , O:35wt% ,A:13wt%,x: .1 wt%

ol H ol E, Yy EZEolulo]EoA 3 wt% o] H& {IHEE e
W3, bay ?139] phenoxy”] & =4S 1C7F WEES A3 e
grol A 5 wt% ©]de] 53 g EAHS Hole A

=
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L. Halophenoxy-perylene 8339 &3= 54

Table 4. The solubility of Halophenoxy—perylene fluorescent in organic

solvents.
Halophenoxy-perylene Chloroform Methanol EA DMF
1D ® A ® ®
1E ® x O 0

®:.5w% , O:35wt% ,A:13wt%,x: .1 wt%

b
o 4-bromophenol *|&7]& =% 1D FFA|7l vEES AL BE
F718m Al 5 wt% old BlHE ¢ &= E4e A= S 8

Jd g g An
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3. Perylene bisimide =49 £33 54

pmlo':

p % =9 UV/Vis absorbtion & PL spectras
F AT wYTRe

$-& BE3FIL peryleen bisimid 71383
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7}. Bromo-perylene 3339 £33 54

Table 5. The optical properties of Bromo-perylene.

Max.Absorption peak (nm) Max.PL peak (nm)
1B 521 554
1C 576 610

A4 H 1C= perylene bisimide 7]#2%1 5"% bay # X phenoxy”|&

=gstel 1B ¥ At FEF 99 Bk 55 nm FIHY F9o

=
olEate] 576 nmolA Hel F4HES JEIUT B BREL A4S
B

610 nmol A Ho HFaAFS YeElf At Bay #13°l phenoxy”]
3

o= sy Walsh Lok A f1YBAR & b5 S FAsHC
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Figure 11. UV/Vis absorptions of

N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetrachloroperylene-3,4,9,10
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Figure 12. UV /Vis absorptions of

N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetraphenoxyperylene-3,4,9

,10-tetracarboxylic diimide (1C).
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Figure 13. PL spectra of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetrachloroperylene-3,4,9,10
-tetracarboxylic diimide (1B).
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Figure 14. PL spectra of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetraphenoxyperylene-3,4,9
,10-tetracarboxylic diimide (1C).
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. Halophenoxy-perylene 3349 £33 54

Table 6. The optical properties of Halophenoxy-perylene.

Max.Absorption peak (nm) Max.PL peak (nm)
1D 570 604
1E 570 604

Bay #1X° Z}7} 4-bromophenoxy, 4-iodophenoxy X&7]& =% 1D,

1E 771383 AE 5934 570 nmollA Aol F34s YeEtdoh 1g

i 1D, 1EE 450 nm9| F= ©]83t 7] ARl ol 604 nmolM s

¢ Ho dFaRS Uedo], € o AN 999 fr1¥FAE 282
o =

91e-2 SISt

l
d
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Figure 15. UV/Vis absorptions of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-bromophenoxy|per
ylene-3,4,9,10-tetracarboxylic diimide (1D).

08
06

04

Absorbtion

02

0

B0 40 40 50 S50 G0 e 700
Wavelength(nm)
Figure 16. UV/Vis absorptions of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-iodophenoxy]peryle
ne-3,4,9,10-tetracarboxylic diimide (1E).
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Figure 17. PL spectra of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-bromophenoxy|per
ylene-3,4,9,10-tetracarboxylic diimide (1D).
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Figure 18. PL spectra of
N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,12-tetra[4-iodophenoxy]peryle
ne-3,4,9,10-tetracarboxylic diimide (1E).
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7}. Bromo-perylene @339 IF Az 2 SHAEH

|

#4% 1C SFEI0 wt%, 5 wt%, lwt%, 0.01 g 0005 g 0.001 g)7
PMMA(0.09 g, 0.095 g, 0.099 g) EA(ethyl acetate 99 g) &ulol 1 wt %
Ao = TEAY. 1Y £ silicon wafer $1° drop casting W2 &
55 FHsH 100 C hot plate 9o 103 AEAZ 3, AAMO=E
silicon wafer 9o Z®HE AES wolPdty. 181 /718 3FA 1CE A7t

g PMMA ZEH S F, YF2AEHS SAsAT
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Figure 19. PL emission and Excitation spectra of 1C in blended thin
films of PMMA

71934 1CE H7Isk PMMA 2
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£ 590 nmel A Ho) FrAge Y

st} MAFS HXEZ 3H= down-convesion W22 hybrid LED®| A}
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. Halophenoxy-perylene 38339 I& Az ¢ E4E4

$H43 3k Halophenoxy-perylene &34 (1D, 1E)] 10 wt%, 5 wt%, 1 wt%
g9 1D, 1E U3 004 g 002 g 0.004 g7 PMMA(0.36 g 038 g
0.40 g)E EA(ethyl acetate 5 g) &wjol] = wE3low, o] Ao &
< A ARZ(F71EFA + iAo tiske] 8 witk ol dEett

Halophenoxy-perylene 71334 1D, 1EE 73 PMMA &9 &,
FAEY S S8t Yehliie. 1 A3, 4" /71884 1D, 1E
= 574 nm, 576 nm|A HUFTIES YERUT, blue ¥ <1 450 nm
el Fom 7] AA 771834 1ESH 1D 610 nm, 612 nm i3

o] wRaMERS AT,
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Figure 20. PL emission and Excitation spectra of 1D in blended thin
films of PMMA

1% 189 (a)v PMMA FE W #7334 1D §571 1 wt%= 7H
A3 wF AZIE YERRLAL, 5 wik, 10 wthE s=7F woldass W
AZ17F golAlE AS SIS & AN, /71834 4 1+ A7t #@ot

A #@;Ao] dojyp wg A|7|7F ik Aoz A s [21]
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Figure 21. PL emission and Excitation spectra of 1E in blended thin
films of PMMA
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V.3 &

P EFEA0] 3 AR BaF 16712+tetrachlomoperylene-349,104etracarboxylic
dianhydride®l 4-bromo-2 6-diisopropylanilines ¥F-8-A1# imide®] A igje] B=
s =]ete skt @4F 1Bl bay  f1Ael  phenol,
4-bromophenol, 4-iodophenol Z|$71E =438t F7|&mol] g &=

£ =01, F5H Id9< AAHOoE o] FAA hybrid LED& A4
71833 AE AT FAE3 FdE Bromo-perylene  (1C)¢}

1

Halophenoxy-perylene (1D, 1E)& H-NMR¥} FT-IRS ©| &3t #+x& &
Jstal, 4 ¢HAA, Blls, YBEHS 2ASAT

o] d7E B3+, bromo-perylene (1C)°} Halophenoxy-perylene (1D,
1E)E vl < o, &89 1EY &aEs oL g3 A T 1C, 1D9
, HEE, ddolAHolE, tu Y
Eotrtol = A 3 wth ol 3 &= S4S UEAH @ A
4 EAdAME F3HE 1C, 1D, 1EE Hl

FA7IY o2 I 25 olFE FTF Ha7t dojwt. o3 #EE

g HFAEES YeERAT I8 3 UV/Vis spectrum #4<S F3l% imide
T2 WAl gl A F HEo =)o wgaso] FH A=

T3 Bromo-perylene (1C)2} Halophenoxy-perylene (1D, 1E)E hybrid 3

LEDS 24 §7183AZ A8 & A dopns] 9Aste] 571934
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(1C, 1D, 1E)E #71% PMMA ZIE< A=t £35S E43A0H.
Bromo-perylene (10)€ 7} PMMA & 450 nmY| blueid o2 7]
AL Aol Ho EEago] 616 nmSl AMEFS UHERRSLH,
Halophenoxy-perylene (1D. 1E)%= 450 nm 339 Fo=2 7] AHA 610,
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