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Abdtract: The white light of a hybrid LED is obtained by using red and green organic fluorescent layers made of
polymethylmethacrylate (PMMA) films, which function as color down-conversion layers of blue light-emitting diodes.
In this research, we studied the fluorescence properties of a red organic fluorophore, employing perylene bisimide
derivatives applicable to hybrid LEDs. The solubility, therma stability, and luminous efficiency are important
characteristics of organic fluorophores for use in hybrid LEDs. The perylene fluorescent compounds (1A and 1B)
were prepared by the reaction of 4-bromophenol and 4-iodophenol with N,N’-bis(4-bromo-2,6-diisopropylphenyl)-1,
6,7,12-tetrachloroperylene-3,4,9,10-tetracarboxyl diimide (1) in the presence of dimethyl formaldehyde (DMF) at 70°C.
The synthesized derivatives were characterized by using 'H-NMR, FT-IR, UV/Vis absorption and PL spectra, and
TGA analysis. Compounds 1A and 1B showed absorption and emission a 570 nm and 604 nm in the UV/Vis
spectrum. We also documented favorable solubility and thermal stability characteristics of the perylene fluorophores
in our work. Perylene fluorophore 1, with the 4-bromophenol substituent 1A, exhibited particularly good thermal

stability and solubility in organic solvents.
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o, HAES sh] fst 2 O] W S shudl
GaN (gallium nitride) A29] blue LED2} YAG:CE
Al =M 27| FA|E AHESh= hybrid LEDE ©]
83t} down-conversion o2 HRAIES. 135}

ubxlo] oltt [2]. ©]2]sF hybrid LED ®lAlofA]
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Perylene bisimide S%A= Chs HiA 1] =]

=2 39 A oURE 2= FULE FH
2 55t F Mg, 2EEA, g ¥ Wekeld
545 7KL o] HYAA], ¢ta, da H y

< w71 A e R S8&EA QT [6,7].
= A ol %*é% 7= perylene
bisimide S-TA9] xS A5t S71e0fo
Ojst 85zt IA - gletA EX 4l QAsH BILEAO
7= 571 ARHE i At 3&‘3}01 St [8.9].

ojet 2 AL HFHEZ H} 2 hybrid LED& &
7198 = ARgo] 7hsst perylene bisimide S %A
of tight A5 48519, imide 9RO dAIFo] 2
B2l dxE =Yste 2 s SAAR AnE
X O3stct [10].

2 Ao)AEe g YUolstA perylene bisimide X
oAl bay Y&|ol U= WAl 12jof] YARFo] Z ofole
d, 529 %W% 7HX]al Q= phenoxy R|H7|E =

JYA(A, 1B)E Tyslel o= =4,

staict.

2.1 AlgF H B

1, 6, 7, 12 - Tetrachloroperylene - 3, 4, 9, 10 -
tetracarboxylic dianhydridex= AlibabaAtoA] ¢!

St ARESHE AL, tetra-n-butylammonium tribromide,
4-bromophenol, 4—iodophen013 Alfa AesarAtofA
TAsto] ARESEE 1L, PMMA (polymethyl methacrylate)
Slgma—AldnCh/\}Oﬂ/\i FAstY Tt FT-IR spectrum
e 95t 7]7]5 Pekin-Elmer (U.S.A)AFR] Spectrum
AF85tg 1, UV/ Vis absorption & PL spectra
£ Shimadzuil?] UV-2450S Ap&sH9TH Lx
S 9J5l JEOLAIS] JNM ECP-4007]7]2 Ap&5to]
-NMR spectrum Z£75t%11, 5% EX(TGA)S
st 717]+= PERKIN-ELMERAFS] TGA 7& AFE35IY
T}. PL emission & excitation spectrum-2 HITACHI
Ate] F-4500717]18 Abgato] EAstgirt.
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2.2 Halophenoxy perylene &Ztx|o| &M

Halophenoxy perylene &-7|&34A (1A,1B)9] &4
s I 1o YERfRICE

B

R A= R

Y@it%i

+ HO—R _

{Em P
=3

(1A) : R = 4 - bromophenyl
(1B) : R = 4 - iodophenyl

Fig. 1L Synthess of 1A1B; () CuCo, CH,0H, 25C, 12 h, (ii)
propionic acid, 120°C, 48 h, and (jii) x,c0,;, DMF, Hd, 70°C, 24 h.

2.2.1 4-Bromo-2,6-diisopropylaniline2| &M

Tetra-n-butylammonium tribromide (4.83 g, 10
mmol), 2,6-diisopropylaniline (1.77 g, 10 mmol)
2 ogsto] ojdo] B ATMoIN But TH W7
S Esto] AlxstAt [10].
yield: 62% (1.62 g).
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2.2.2 N,N" -bis(4-bromo-2,6-diisopropylphenyl)
-1, 6,7, 12-tetrachloroperylene-3, 4, 9,
10-tetracarboxylic diimide (1)2] &M

1,6,7,12-Tetrachloroperylene tetracarboxylic
dianhydride (1.01 g, 2 mmol),
6-diisopropylaniline (2.56 g, 10 mmol)1} propionic
acid (60 mL)S 125 mL Z¢tA 30 A7}stal argon
=471 stollA 120°C2 48AI1F WFAIZITH [11]. 8HS
BUEL Loz WA AAY 1A AMES =
B stoict Weldh nAMHES B/0Re(l:
gujz Adsto] HAIS che YA
42 (1.10 g, 1.1 mmol)E AJUCH

yield: 55% 'H-NMR (CDCl;): & 1.15 (d, 24H)
2.63 (heptet, 4H), 7.4 (s, 4H), 8.7 (s, 4H).

4-bromo-2,

2.2.3 N,N" -bis(4-bromo-2,6-diisopropylphenyl)-
1, 6, 7, 12-tetra[4-bromophenoxylperylene-
3, 4,9, 10-tetracarboxylic diimide (1A)2]
2]

N,N*-bis(4-bromo-2,6-diisopropylphenyl)-1, 6,
7, 12-tetrachloroperylene-3, 4, 9, 10-tetracarboxylic
diimide (0.30 g, 0.3 mmol), 4-bromophenol (0.50 g,
3 mmol), potassium carbonate (0.20 g, 1.5 mmol)&
100 mL =gt~ 309 o710 Lujz 20 mL9]
DMFE& A7}stal, argon S¢7]=2 70°CofA] 24A]7F
= Zle¥stait [10]. H}Eol Q*E CI
2ol BZAZ|AL oS, b b
2N hydrochloric acidoﬂ HC}JUf.
2885t0] AR 2L
ALEE o]83sto] 23Tt o]FEA
=2 Aojri GRS ARAIZ.

=& DCM/Acetone &3 &0jE o] &
J2utE o2 Fejsto] WetAl o
st A E(0.37 g, 0.57 mmol)S ¥gict.
yield: 80%, m.p: 180~183°C, FT-IR: 2964 (C-H,
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aromatic), 1706, 1671 (C=0, amide), 1580 (C=C,
aromatic), 1480, 1407 (C-C, aromatic), 1338, 1211
(C-N, aromatic amines), 958, 874, 741

(trisubstituted benzene ring), 822 (para-substituted
ring) cm’', 'H-NMR (CDCly): & 1.1 (d. 24H), 2.63
(heptet, 4H), 6.82 (d, 8H), 7.4 (d, 8H), 7.42 (s, 4H).

2.2.4 N,N" -bis(4-bromo-2,6-diisopropylp
henyl)-1, 6, 7, 12-tetra[4-lodophenoxy]
perylene-3, 4,9, 10-tetracarboxylic
diimide (1B)2| &4

N,N"-bis(4-bromo-2,6-diisopropylphenyl)-1,6,7,
12-tetrachloroperylene-3,4,9,10-tetracarboxylic
diimide (0.51 g, 0.5 mmol), 4-iodophenol (0.47 g,
5 mmol)E 1A9] /g S &5t AzsHA.

yield: 78% (0.68 g), m.p: 180~183°C, FT-IR: 2963

(C-H, aromatic), 1708, 1670 (C=0O, amide), 1583
(C=C, aromatic), 1475, 1403 (C-C, aromatic),
1334, 1277 (C-N, aromatic amines), 951, 870, 746

(trisubstituted benzene ring), 825 (para-substituted
ring) cm™', 'H-NMR (CDCl;): & 1.1 (d, 24H), 2.62
(heptet, 4H), 6.7 (d, 8H), 7.38 (d, 8H), 7.6 (s, 4H).
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3. dut &

3.1 Halophenoxy perylene &zl 2si=
EM

halophenoxy perylene $7]&3%4A|(1A,1B)
|A JHoM = =2 ddesS HEIYATE 1A
X 27(151 /\]»oﬂ,q HP}\H % Hx]-)']—_q /\§_K}
g07 010H PL quenchingo| ®Asto] v|eh-gdAtej7t
UERt ol2ist §4do=z <ls hybrld LED ®A]0]
2 57188 AeE Fa 5780l 45t viRIY
Ee|AEpoldls R7]EO0] =9
g &t 53.50}01 AHE "ot [5]. ol2gt &
A, 1B7} oln o] 97]gu)
%5115% 7%401[ ghoh. ARHARl [Rrl8uel 2=
= W [ZotAE|o E, HuE x-Fotuto] =0
A 189 831 5% Ao2 & 1] Yenjr.
E 104 N,N'-bis(4-bromo-2,6-diisopropylphenyl)-
1,6,7,12-tetrachloroperylene-3, 4, 9
10-tetracarboxylic diimide (1) ¥t} A ©7]3
A (1A, 1B)o] &3h=st 9430 2 4 9ok 2 01
+ bay $Ixlo] 9l Cl Yol Yxfego] 2 ofolo
B20 AXE 7K1 Q= Bujy} & phenoxy 7<]
7o) Eow WHRsE F/pdoR 37 sto] Lo
A7t BolshA Ho] §aiErt FRE: o= Az
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Table 1. The solubility of halophenoxy perylene fluorescent in
organic solvents.

Perylene Chloroform Methanol EA DMF
1 A x A A
1A @® A @® ®
1B @® x @) @)
(® : =5 wto%, O : 3~5 wt%, A : 1~3 wt%, x : <1 wt%)

sttt [12]. 2 ZAdb, 4% halophenoxy perylene
719 EA(1AIB)= 22225, oZoMEclE, ¢
ulgmSototol oA 3 wi% ol 8afsl: SHL
HoyzQu, 53] 1A FGAI= eSS At =&
8718000 5 wi% ol &3l 945 B SA
2 B 104 sl 2 gk,

3.2 Halophenoxy perylene S§Zi|e| 2= EM

LED =% A7} AHgEE o dZ= Aol ZutE]
H 100°C ooz 271 A
2% Hglo] 2fsto %71?3}1]94 E s
et dojur|= skl 2=0] The WdEd ¥st
= FAgshr] sl hybrid LEDOﬂ AHEEE R719E
A =2 & g0l a4, &
perylene 77|gA|(1A,1B)EE 9
BETEATCGA) LR &F7sto] dojxl
of YEr It

3r4 = halophenoxy perylene S-7|34A (1A,1B)
sigde2 oF A vjAge wWd Fxoln
imide7]9] WAl 12] R0 Yx}Fo] 2 B2Ylo] &
Ayt bay YX[o BAGC] & E=2A H4AE VMR
= phenoxy’]S =%stol ARG 7= Qg 4
TS 71ttt 212y o gslE A At
(C-Br, C- I) AA719) Aol7t EA
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Fig. 2. TGA thermograms of haophenoxy perylene fluorescent.

3.3 Halophenoxy perylene S Zti|e| 22 EM

st = halophenoxy perylene §7]33%%(1A,1B)
£ MC (methylene chloride) £0fof 20 ppm =T 2
ol UV/Vis AHES g9l PL AZIEH S ZA5to] 1
o 30 YER It
1A)
1 I 1 PL 350
08 | — Abs 280
5 06 a £
k] g
2 o4 uo E
< z
0.2 70
0 0
350 400 450 500 550 600 650 J00
Wavelength[nm]
1B)
1 T PL 350
os | — Abs 280
.5 0.6 20 5
= H
2 04 uw £
< 3
0.2 70 >
0 0
350 400 450 500 550 600 650 700

Wavelength[nm]

Fig. 3. UV/is absorption & PL spectra of 1A, 1B in
methylene chloride.



A7V RAE R 58] =2 A, 30 Al9F. pp. 577-562, 2017 9

Table 2. The opticd properties of haophenoxy perylene fluorescent.

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

1A 570 604

1B 570 604

# 201 Qofsto] UEI
omophenoxy 4-iodophenoxy
Ag7]E =U3t 1A, 1B f7198A= 55 570
oA At} &5ue Uefoch. J2ln 1A, 1BS
450 nm9| FZ o]&st] of7] A7l 71001] 604 nm

S-S Yehfol, o A
87193z 28T 4 282 At

g

3.4 Halophenoxy perylene ZIE A=

U SHEN

A 9718304 down-conversion ®A19] hybrid
LEDo]| A Z2tAE shibmo] Lasio] ARREZ] w&oll
FYsta 7R of tigt Fabgo] =i, f45t FSE
S 7FX1 PMMA (polymethyl methacrylate, Mw ~
350,000)7F il =2 AR&HTH [13]. ol2fgh Af=
PMMA Z& <to|Al {7]9&Al= hybrid LEDO] A&
st B3 EXo| @ 1EICt A xSt 97 LAt PMMA
A4S AR5k, PMMA HE/JEAS &8
otolw7] 9jstol 97|PYAS st PMMA
Sl
FA st halophenoxy perylene 8-7]33A|(1A,1B)
10, 5, 1wt% £94& 1A, 1B ZUsHA4 0.04g,
0.02 g, 0.004 gz} PMMA(0.36 g, 0.38
EA (ethyl acetate 5 g) £ujjof =
goo] xYe TR HR(SIFYA
w6 A% et o] gog B milelol gt goto
2 W e,
silicon wafero] i%/\]ﬁﬂf
hot plate ¢foflAl AEAIX] i,
2 silicon wafero|A] @ojuigict.

Halophenoxy perylene S7]383%A 1A, 1B2 A7}
gk PMMA Z59] 8 S42 ®a2st7] ¢lsto] Hitach
AFS] F-4500 fluorescence spectrophotometers Af

35to] 52 dratamEeEA S Z=Xstgict 1 A}, §F

el 97198A] 1A% 1BE 576 nm, 578 nmolA

wE Jm B

co o ox X
o o 19

N

1o
Qo_u

o159 5 561

4000 (1) Excitation
3500 (1) (c)

aa (2) Emission 1A
e (a) 10 wt
g 2000 (b) 5 wt
£ —(c) 1 wt
Z 1500
1000
500
0
400 450 500 550 600 650 700
Wavelength[nm]
2500 (1) Excitation
oo | (2)Emission /™ @
-E'Eh . — (a) 10 wt / l~| 1B
1 !
£ (b) 5 ©
Z 1000 (c) lJ‘iTt (a)
- N
0 :-u-f“"f”f ]
450 500 550 600 650 700

Wavelength[nm]

Fig. 4. PL emission and Excitation spectra of 1A and 1B in
blended thin films of PMMA.

s UEUHALL, 2 d7olM ZiEste A
g blue LEDZ of7] #oz xbgeto] uaiz
S E3xF 3= down-conversion ¥WHAQ] hybrid
LEDo| AR&Z =40]7] &0 blue ¥l 450 nm
mpgel goz o] AA [71FEA 1A% 1B 610
nm, 612 nm Hc) L] WyAMEYS A9t
19 49 (a)= PMMA ZF U R718EA 1AY &
T7F 1 wt%oA 7HRF 73sh drat A71= UERQ
5 wt%, 10 wt%2 %7} =oldLE G718TA —E—
AbZF A7 Aot WAol dojut wF AI7IPE dAa
she 202 A7 St (141 33 49) (D)ol 971
GAl 1B FRe 1A% AFsh(win)s E2X2te
2rer Wl g2 Yopnoz YA el Ast
Solua] AAo] AA|Elo], &I} 5 wt%Y o
717} }75) 745k, 1B9) =w7t 10 wi%zg =2
BFol= A —E# b Atolofl 7ol dojit A7
7} oksfR]= 712

g skt

P
rlr _E

FIF o ok
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a7 E
I QMg BRSOl Sastel FHA N che
wolo] 7] MAIEE S8 JhsHe M Aoz

H 1= perylene bisimide 7]& A& 4-bromo-2,
6-diisopropylanilineS =23t bisimide +&2E A
sta, /43t perylene bisimide®] bay $JX]o A}
Fol & B9l ofo]ed AAS Zr= phenoxy A|gt
715 =Yst hybrid LED& &AM R7]ggAI(1A,
1B)S grds5t9tt. $HAdsth halophenoxy perylene &
IA (1A1B)°] x5 'H-NMR, FT-IRE ©] &3}
oot @ oY, BolE. WHSHLS RAIHAC,
2 LAlo)A] o]Fof] ¥ 13t N,N'-bis(4-bromo-2,
6-diisopropylphenyl)-1, 6, 7, 12-tetraphenoxyperylene-
3,4,9, 10-tetracar boxylic diimide®} H| W3} 2 T
[10], &7de 1B &ollew o TASIAX|T 1A9
3% AutAlel {718 ZE=RE, ofZotAlHo]
E, yHyExZotutol=ofA 5 wt% o] g9 4t &
sl 542 eIt 2] & A S80AM+=
L7183 A] 1A7F 170°C 7FX] 9F 5 wt%2]
7F dojdt H, 385°C kA A FF At glo] 1B
o wlwste =2 & M
2y bay YAl A0l 2 BgQlt ofo]eHS
715t phenoxy A[gH7]9] =Qjog FAIFC] 7o wet
d MY BAZ oldstdRIt gatrt o]o]stQitt.
ojgist ZHuz wviFo=z  /dst  halophenoxy
perylene 771984 (1A,1B)& A7Ist PMMA H&E&

AzEstol 2SS wAsAct 9/13WAl 1AQ
wt%)S A7t PMMA =58 450 nm9 bluedoz
o] AlZE T A BEAQ LS Uepfolon], A
o) wugol 610 nme| AALS Ueto] hybrid
LED§ SARUA2 B8 7F54L astgcy.

LAl 2

B ATE AASYAUR 23717 SEEY Ay
712708 MBI PYA (A & NO001363, A
SlFEAE - S| LEDSUEY 47127y A
2P0 AAY ALY
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