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Abstract: We report the studies on the red organic phosphor by using perylene bisimide derivatives. Even though

perylene bisimide derivatives have excellent thermal stability and luminous efficiency, they have low solubility in
organic solvents. In this research, modified perylene bisimide derivative, N,N'-Bis(4-bromo-2, 6-diisopropylphenyl)-
1, 6, 7, 12-tetraphenoxyperylene-3, 4, 9, 10-tetracarboxyl bisimide (1C), has been prepared by the reaction of phenol
with N,N'-Bis(4-bromo-2, 6-diisopropylphenyl)-1, 6, 7, 12-tetrachloroperylene-3, 4, 9, 10-tetracarboxyl bisimide (1B)
in presence of DMF, at 70C. The synthesized (1C) was characterized by using 'H-NMR, FT-IR, UV/V is
spectroscopy, and TGA. The absorbtion and emission of (1C) was shown at 576 nm and 610 nm in UV/V is
spectrum. In TGA thermogram, (1C) showed good thermal stability without significant weight loss to 220C. And in

the solubility analysis,

(1C) with phenoxy group showed the good solubility in general organic solvents. The

blended films of (1C) with PMMA (polymethyl methacrylate) at different weight % concentration such as 10, 5, 1
weight % have been prepared. The blended film was shown at 616 nm when monitored at 450 nm in PL emission

spectra.

Keywords: Oganic phosphor, Hybrid LED, Perylene bisimide, Solubility characteristics,

film.
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perylene bisimide
e s £2
olig Fe
s = iE‘]'O]
I #+&20] =4sto] blue LEDeF {7198~
down-conversion -S&9l hybrid LEDOY]
71 FBA = AFEo] Halxo]Aq it} [4].
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perylene bisimide §=A&2 &
SRS /7] gofjo] tieh &sli=
Al 4722 e [5].

oje} Z2 A+t Byt d Mg Y &= S5/l
St ARAE AM JU1FPAY x2S 2Alste &
5t At 59t [6,7]. Perylene bisimide®] 7] Q1

MHE
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1, 6, 7, 12 - Tetrachloroperylene - 3, 4, 9, 10 -
tetracarboxylic dianhydride= AlibabaAtoflA] <
stol ARgalsln
phenold Alfa AesarAtolA] U5t

, Tetra-n-butylammonium tribromide,
AHg3H
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PMMA (polymethyl methacrylate)+= Sigma-Aldrich
Atoll A 45ERITE FT-IR spectrum 572 {139t 7]
7]= ThermoA}lQ] Licolet 3805 A&35t31, UV/
VIS spectrophotometer &% ShimadzuAil9]
UV-24505 Ar8stect. 'H-NMR spectrum Z4-2
JEOLA}S] JNM ECP-4007]7]2 Al83}9 1, TGA BAl
€ 3t 717]= PERKIN-ELMERA}S] TGA 7-& AF&35}
¥k, PMMA =29 emission &

spectrum-2 HITACHIAFS] F-45007]7]&
ZX5t9 1 MAFEAM L Konica MinoltaAl2]

2 AHgstgct

absortion
Argatod
CS-100A

&

2.2 Bromo-perylene bisimide & Zti|2|
Perylene bisimide XA} G7]3ggAe] HAA|AI ¢

g S ol 13 1o HERARI

(1¢)

Fig. 1. Synthetic pathway to N, N'-Bis(4-bromo-2, 6-diiso
propylphenyl)-1, 6, 7, 12-tetraphenoxyperylene-3, 4, 9, 10-tetracarboxyl
25°C, 12 h, (ii)
propionic acid, 120°C, 48 h, and (iii) potassium carbonate, DMF,
HCI, 70C, 24 h.

bisimide; (1) calcium carbonate, metanol,

2.2.1 4-Bromo-2, 6-diisopropylaniline (1A)2| &AM

[9o] e}
tribromide (3.43 g, 7 mmol), cacium carbonate (3
g)2 100mL Zepado] 3, of7]o] Wge 9% 2
6-diisopropylaniline (1.26 g, 7 mmol)d} Sij=z
methanol (10 mL)E A7}sto] AF0|A 12A]7F w8t

staA RFg< Aledsidt. vhao] ¢hrd ¢, 4 EH

AnEH tetra-n-butylammonium
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o|-&sto] A= ZA2{uof
ethyl acetate2 F =3 5

, S5V 2 ethyl acetates &715] AAsto] A
o] 9= AMXM=(1.73 g, 6.7 mmol)S FAC} (yield:

gAs] AR ot
F3lol 97152 Bajg

ox A% mo mju

2.2.2 N,N'-Bis(4-bromo-2, 6-diisopropylphenyl)-
1, 6, 7, 12-tetrachloroperlylene-3, 4, 9, 10-tetracarboxyl
bisimide (1B)2| &AM

1,6,7,12-Tetrachloroperylene-3,4,9,10-tetracarb
(0.53 g,
2,6-diisopropylaniline (1.3 g, 5mmol)S 100mL =
2t A 30| o]7]0] &Uj& 30mle] propionic
acidg A7tstol &siAIZl 2o argon +¢71= 12
0°COIA 48X17F ¥HS-S AYICk Who] YEE A
2oR YANZ §, WeEEed 2 50 mLE A7t
sto] AdE AHE

oxylic dianhydride 1 mmol), 4-bromo-

2al,

=2 ZEE o]&sto] Fs5idloh. 1

A =2 @8] xR 2o hexane : ethyl
acetate (EA) s3rQUj2 o]k Ay o F=zot
=40t A E(0.27g, 0.27

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

2.2.3 N,N'-Bis(4-bromo-2, 6-diisopropylphenyl)-
1, 6, 7, 12-tetraphenoxyperylene-3, 4, 9, 10-tetracar
boxyl bisimide (1C)2| A

1B (0.5 g, 0.5 mmol), phenol (0.47g, 5mmol),
potassium carbonate(0.35g, 2.5 mmol)S 100 mL
ZetATo 21, of7]o] ¥hg &UjE 40 mle] DMF
71t 2ol argon #9712 70 ‘ColA 24Xt ¥t

o

=2

89 AT wgol YR F. WG 2YRL Y
Q0

2o

ZAA 4T 374=(0.35g, 0.28 mmol)S LA
(yield: 56%, FT-IR: 2,963 (C-H, aromatic), 1,743

(C=0), 1,665 (C=C), 1,287 (C-N), 668 (C-Br) cm ',
'H-NMR (CDCl;): & 1.18 (d, 24 H), 2.7 (septet,
H), 6.95 (d, 8 H), 7.11 (t, 12 H), 7.37 (s, 4 H),

8.25 (s, 4 H))
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3.1 Bromo-perylene bismide SZH|2] S SAM

Hybrid LED ¥Al0]4 71@%As Sepael ahal
o] =xEHo] AMGHOIAIRR /7] &0 o= P&
of gHEE Mol Fch ol dAgz U
bromo-perylene bisimide FFAE Z 7HX] {718
ool chet %OHEE skt QA fr180id
Zeenz, U, oLopiHolE, CugxSolut

ol=of tfst bromo perylene bisimide & A|Q] &
= 574 ZutE ot & 1o YERJQIC}. perylene
9] bay X[l AH7|E A A& 7IE9 perylene
bisimidex= HHLEZS 7HA &Ufo] dist &si=7F Y
8 48E YEYA|RE bay ¥&Jo] TX]7F 2 phenoxy
712 =S 1CY Jfol= perylene®| HHE7t
MA & A&7F &olstAl Hol gali=rt S41%= A
o 2 AZFstc}. Bromo-perylene bisimide 1C= W&
=2 A<t E% 718004 5 wt% o] el S5t
gols E49 B 104 olst 4 gl

Table 1. Solubility of bromo-perylene bisimide in organic solvents.

(®: >5wt% , O:35wt% ,A: 13 wt% , x : <1 wt%)

Perylene Chloroform Methanol EA DMF

1 A X VAN AN

1B ® A O ©)

1C ® O ® ®
3.2 Bromo-perylene bismide &2 ¥™ EM
YA d YL £Y AV A4E8D T 2y
o Wit MAS §AlSt: 4L Jtale o=
FAIRE AHEE = FROA S8t ot g=olt. 12
U #7188A= #7712 MeR si7ld #rles M
22 st £/19uAl] vlastel & ol Wojx|
v ko] Qlct. T2 S7]3%A|7F hybrid LED

o

of AF&E7] HshiA
Bromo-perylene bisimide 1C9]

o}fd 1\-1 g ifd 3}7] _?,] 5}0:]

A AuE T-

rlr
Bl
r\o

3 okl 2 PH),
22 AR @
AFFEA (TGA)S 235}
201 Ve gict.

T zow 2 4 gigo] 220CAHA % 5 wi%o]
F% gart Bolun o Folk 430°C7HA| A FF
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Fig. 2. TGA thermograms of bromo-perylene bisimide.
a7 Q= 1oz Uerdth perylene® bay 9JA]|
o] phenoxy A|&7]5 =JgrO 24 bay X0 ClA|
gt7]2 7= bromo-perylene bisimide 1B®} H]wa}
of &= FSAEAT F HFES o Haste
AE 2 9th. 724 bromo-perylene bisimide 1C
& 220°C 7HA= ARt 5 At gl AR &

25 4 S S Y 2 %Y. Bromo-
perylene bisimide 1C9 o|2ist & oAXRHMHL
-7 o]0

peryleneo] W2 HIM 1lE Zh= WEHd
imide®] WAl vajo] YURtFo] 2 B
At Z7toll ofst JEFQl Aoz Aot

3.3 Bromo-perylene bismide &2 =& M

Bromo-perylene  bisimide 1B, 1CE& MC
(methylene chloride) &0fo] 20 ppm L2 59
UV/Vis AmE2S ZAste] 13 30 Ltepfoict

b A 1 400
PL(1B)
- = Abs{1B)

12

Abs(1C)

-—— PL{1B)

pL{IC)

=
5]
Q
Apsiayu

350 400 450 500 550 600 650 700
Wavelength{nm}

Fig. 3. UV/Vis absorptions and PL spectra of 1B and 1C in

methylene chloride.
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Table 2. The optical properties of bromo-perylene bisimide.

Max.Absorption peak (nm) Max.PL peak (nm)

1B 521 554

1C 576 610

Fa¢ g
perylene bisimide 7]249l

= 20 uergoict

EXS

=stel 1B PRl =

%@%} 3o e} 55 nm AW doloz o5 o

of 576 nmolq Ho| FauAe Uehholch e

(PL)Q 4% 610 nmolAl Hch WIS Uehol
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Hybrid LED ®Alofx {7188AS T8t 570l
e 25t PMMA (polymethyl methacrylate, Mw ~
350,000)5 BRI 2 ALgsto] Zgtag shibmo] =
2Zoto] ARESte}. o] miFo] hybrid LEDE &gAl+=
FEA ALY @ e FQsHAT PMMA ZE
QtolAe] & Mg w3 5S40l Fastth mhatk

TEe Aaled [2.10] def Kﬂ*o“i}
st 1C SFFE(10wt%, 5wt%, 1wt%, 0.01g,
0.005 g, 0.001 g)zt PMMA(0.09 g, 0.095 g, 0.099

g)s EA(ethyl acetate 9.9g) S0fjo]] 1 wt% S&Mo =z

= uj2] #u]3t silicon wafer 9o drop
A5t 100°C hot plate
S, ™Aooz silicon wafer ¢

Y 5y
1tach/\}_4 F-4500& ©]&5t9
FRsto, O ZAats O™ 49
1CE AH7Ist PMMA T E2
e Uerigla, B Ao
A IS AAME A= blue LEDR} AARS A=
AF25H= down-conversion ®M19] hybrid LEDOY|
AHEE =A0]17] fjzo 1CE Ad7Ist PMMA ZE(10,
5, 1 wt%)S blue 9991 450 nm o] Foz o
] A7 SPATEZS o%oﬂq- o 401]}\-] slolsh 4

o

ol
.
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1200 | (1) Excitation ey
(2) Emission (a)
W0 | — (a) 10 wt =
- (b) 5 wt

800
5 S (C) 1wt 600 :
B s00 S
5 s
£ 400 g

400 =

200 200

[1] 0
400 450 500 550 600 650 700 750

‘Wavelength{nm)

Fig. 4. PL emission and Excitation spectra of 1C in blended
thin films with PMMA .

3.4.1 PMMA film LHOIM 1C2| & otH

ol
-

A5t 1C F-HE(10 wt%, 0,01 g)ak PMMA(0.09
EA(ethyl acetate 9.9 g)&0fjof 1 wt% goz
o] drop casting ¥f¥lo g Sza|mo] F®SHCH

PMMA Z&0] 9% {8|HZ 100°C &2 ovend|
| AAAE o] gste] AlZto] THE ARIZHAE) ¥
£7std PMMA ZE YloAd9] 1Co 2 M
Aot o] AeolA d2 ZoE & 30| YEt

x
v

2
ujn

=

L o B o
m uju

ot

271397 1CS 71 PMMA BEe 1-5X1717}
Al ARRgol Al Uehlel S5 @ gye B
GAITE 15412t ol Bol AxIge] Aok 2A| e
e Zlg =l st

Table 3. Color difference values of 1C in PMMA film.

Time (h) X y Y AE
0 0.446 0.346 3.01

1 0.448 0.346 2.99 0.60

3 0.452 0.349 3.00 091

1C 5 0.449 0.349 2.68 1.44

7 0.455 0.345 3.04 1.58

10 0.460 0.350 2.73 1.82

15 0.451 0.344 3.38 2.27

4. & B

9 obgdu EUEAHol 94d oz wug
perylene 7|2 LxQl 1,6, 7, 12-tetrachlorroperylene-

3,4, 9, 10-tetracarboxylic dianhydrideE 4-bromo-
2, 6-diisopropylanilineS BF2-A]7] imide®] HIA 1
2lo] BE29l3 =t 1BS f/dstlar, dst
bay ¢J&]o] phenoxy X|€7]E Tdsto] {7]&ufo] O
gt Bol=E =olil, S 495 Aot or o]EA]
74 hybrid LED& A J7|FFA= 1
t}. FA ST bromo-perylene bisimide 1
7} FT-IRS olgsto] 152 &elslw,
e, WSS RARSHCH

=l

Bromo-perylene bisimide 1C&= YdtAlol &7]&
Ol 22228, HESE, oZotAEclE, HE2E
ofufol =0l 3 with ol 943t S3lE S Lt
Euiditt. E5F2A(TGA)E a5ty dojdl A=
& QMg/do] 1C7F 1Bof| Hlsl <t Fastks FibE
HEAIRE 220°C 7R oF 5 wi%e] B AL ot
9. 430°C 7HA] A9 FF Fast g 4 A o
e YeRJ9itt. 121 UV/Vis spectrum E4S
&5to] imide #+x29] ®IAl v2]o] UxFo] & BF9

o

=902 WwPag FHH A= A T 2 AU

Bromo-perylene bisimide 1C& hybrid@ LED&
A S| AAR AEE & LAl Gohus] 9Ystol
+7188A 1CE A7l PMMA ZE8 Alxste] & ¢F
4 % BYEHL BASUCE 450 nmo| blueFo
2 oj7] A7l 90| Ath Wupgol 616 nmel KA
WS Uehfo] SR 28D 4 AL Aol
ST, SHAIRE PMMA Z& WoflA 1Ce] & oA
b Wolxl: A AU B A1S §
perylene bisimide -&%A|7} hybrid LED& &
A2 AL 7154 Sesigon), go o o

BAAIE APE A4 Lasturt gt

N
oX ofh O ox |

mo ol @ rlo r

o

LAt 2
B ATE AYSARY 25717 SaEY A
1e7NE MEALPPAYTANS ¢ NOO01363, &
M- SFEAE - SYRY LEDGUEY W7 /NY
MEAAPY) o2 AUY AP
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