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Abstract: 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

derivatives applicable to hybrid LEDs. The solubility,

characteristics of organic fluorophores for use in hybrid LEDs.

of a red organic fluorophore, employing perylene bisimide
thermal stability, and luminous efficiency are important

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.
spectrum. We also documented favorable solubility and

Compounds 1A and 1B showed absorpt

in our work. Perylene fluorophore 1,

stability and solubility in organic solvents.

Keywords: Perylene bisimide, Oganic fluorescent, Hybrid
(PL) & Absorption, PMMA film

ion and emission at 570 nm and 604 nm in the UV/Vis

thermal stability characteristics of the perylene fluorophores

with the 4-bromophenol substituent 1A, exhibited particularly good thermal

LED, PL quenching, Thermal stability, Photoluminecence
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GaN (gallium nitride) A29] blue LED2} YAG:CE
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FHRIL Qlol EjeEAlL,
97] ArjEE 28
 AFHAME olHF Ede perylene
bisimide F-=A9] XS HAAISHL &dsto] {71800
e galee BN SUY B4 % 94Y BYEHS
7= 771 AR 7Y AFE ZIREsko] Sty (8,9].
o9} Z2 A+ F¥E HIF 2= hybrid LED& &
718LA| =2 AF80] 71538t perylene bisimide S =
of thst A2 2385t0], imide 9X|o] YA}gFo] =
201 HAS =]dsto] E PGS SN AE
Buskict [10].
= ﬂ o= O Uol7tA perylene bisimide 7%
A bay Ao Qe WAl nejof] YRpFo] F ofole
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d, 2201 YX}2 7IX]1 9= phenoxy XS =
Aot A R71GEA(LA, 1B)E &5t &slle 574,
oA EAl W whFEAS 1015t hybrid LED] A
83 Q7@ LR =M AL glst A} slgt
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2. M3
2.1 Algt & EM17]

1, 6, 7, 12 - Tetrachloroperylene - 3, 4, 9, 10 -
tetracarboxylic dianhydride® AlibabaAlofA <

sto] ARSI AL, tetra-n-butylammonium tribromide,
4-bromophenol, 4—10dophenolg Alfa AesarAtoj| A
SIsto] AR5 T, PMMA (polymethyl methacrylate)
= Slgma—Aldrlch/\}Oﬂl\1 A5t FT-IR spectrum
E£X8 95t 7171%= Pekin-Elmer (U.S.A)AFR] Spectrum

S AFESISI L, UV/ Vis absorption & PL spectra
A2 ShimadzuAle] UV-2450& AFE35HICH L&
2S935 JEOLAI] JNM ECP-4007]712 Ah&5}Ho]
H-NMR spectrum &X5t9 1, &5 EM(TGA)S
3t 7]7]= PERKIN-ELMERAIS] TGA 72 A}3}Y
T}. PL emission & excitation spectrum-& HITACHI
xte] B-45007171% AHgstel S4steict

Mo e

—
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2.2 Halophenoxy perylene &Ztx|o| &M

Halophenoxy perylene S-71d%4A] (1A,1B)9] gHd

Be a3 1o] epfglct

Br

e
% N

- _,{% QO 3}

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

\H _/J 0

W/QY +
NH;

.
Y@Y

+

Fig. 1. Synthesis of 1A,1B; (i) CuCo, CH,0H, 25°C, 12 h, (ii)
propionic acid, 120°C, 48 h, and (iii) &,C0,, DMF, HCl, 70°C, 24 h.

2.2.1 4-Bromo-2,6-diisopropylaniline2| gt

Tetra-n-butylammonium tribromide (4.83 g, 10
2,6-diisopropylaniline (1.77 g, 10 mmol)
2 ©o]&sto] oo & AN Hust e A
g Esto] Al&sCE [10],

yield: 62% (1.62 g).

mmol),
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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)Z} propionic
acid (60 mL)S 125 mL ZctA 30 A7}t argon
=471 stollA 120°C2 48AI1F ¥EAIZTH [11]. §HS
e oz WA AT 1A AMA2S 1

4-bromo-2,

sgze
B siitt. e IA8EEE =/MH=(1:3) e
goj2 Astel AxG the WAs] Axste] i
M= (1.10 g, 1.1 mmol)S Lt

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

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~ 30 o710 Lujz 20 mL9]
DMFE #A7}sta, argon E¢7]= 7O°C0ﬂ/\1 24X]7F
= Zle¥stait [10]. H*QOI Q*E
R PO I AP EA WA Ur—,

2N hydrochloric
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DCM/Acetone &3r&0jE o] &
Seni e Rejslel wel v

st A E(0.37 g, 0.57 mmol)S Oésdt}.

yield: 80%, m.p: 180~183°C, 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

(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).

A A9 pp. 577-582, 2017 9Y: 0|50 & 579

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)& 1A9] 7 S &5t ARt

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).

=k

3. dut &

3.1 Halophenoxy perylene &ZFel 2si=
EM

halophenoxy perylene 87]334%](1A,1B)
= 8 JHM e =2 TdaeS UEUWAT ii]
/E)}Eﬂoﬂ}elg 27(151 }\}01]/\.1 HH\H = Hx].ﬂ—_q 1\§7<P
o g Qs PL quenchingo] w5t v|ehdAtej7t
. o]gjst EM o=z Qlsj hybrld LED 4}Aloj
S RIIFEAL B 540l 45t vielH
Ze|AEpoldllE {71800 =9
ghibo]| Eio}oﬁ AHg "ot [5]. ol2gt &

A, 1B7} o= A&=9] {7]8uf
%OHE% 7%401[ Srt. ARl J7]&O[Ql 22
|ZotAEol E, HuE x-Fotuto] =0
1A, 1B4 Bole =4 A & 1o Uerolc.
HE 104 N,N'-bis(4-bromo-2,6-diisopropylphenyl)-
1,6,7,12-tetrachloroperylene-3,4,9,
10-tetracarboxylic diimide (1) Btk XA 97|k
Al (1A, 1B)e] GaiE7t 943he 2 & 9tk 1 o] §
+ bay SIxlo] 9= Cl Wxto] Uatego] 2 ofol o,
220 YgxIE 71X Y= Hmr} 2 phenoxy X|§
7o) BQloz Wuss xsbHoz &7 stof Loj
A7t gols| Elo] 8slert AL o g7t

i’;
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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 o O
(® : =5 wt%, O : 3~5 wt%, A : 1~3 wt%, x : <1 wt%)

gt (121 o A @4

719 PA(IA 1B} 2R2EE,

W] £ Sofuto] o]

Holzgln, E3] 1A FTA

£7180100 5 wik ol gafsle ¢
& 10]A4 Sl 4 glck.

9= halophenoxy perylene
o ZotAElolE, o

3.2 Halophenoxy perylene SZi|e| 2= EM

LED =% #AX|7} A= dds AIgto] ZutE]
¥ 100C ojgor 2wr gttt sk
2% §gto] 9Js}o °7l°é3*7<1]94 s
Hobrh dojur| e shet], 2= O WEEA Het
2 z4s}st7] Yol hybrid LEDO] AMRE= S
e =2 o otyAlo] @ =ct M=l halophenoxy

H O w
perylene #7|ZFA(1A1B)ZT9 & Y S4=
FTHTEA(TCA)LZ F7gste] dodl 2ag 1 2
of YepHA

3’4l halophenoxy perylene 87138344 (1A,1B)
ttx WAl pe2]ZAsto] uiskA  Lxolil
imide] o] WA 12| 9xlo Yxio
U3} bay Yol BAlo] 2 Fa2A
A= phenoxy7]E EO‘E}Oq BxreF %7}§ ol5t

M
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Fig. 2. TGA thermograms of halophenoxy perylene fluorescent.

Y

Jm

3.3 Halophenoxy perylene & Zti|e| 22+

st =l halophenoxy perylene -8-7]1333A|(1A,1B)
£ MC (methylene chloride) £0fof 20 ppm =T 2
o] UV/Vis AMEY 9 PL AHMEYS S5t} 3
& 30 YER STt
1A)
1 —_ PL 350
0s — Abs 280
5 06 a0 £
E g
2 o4 uo  E
< z
0.2 70
0 0
350 400 450 500 550 600 650 F00
Wavelength[nm]
1B)
1 —_ PL 350
0s = — Abs 280
.E 0.6 20 5
= H
204 uo £
< -
0.2 70 =
0 0
350 400 450 500 550 600 650 700

Wavelength[nm]

Fig. 3. UV/Vis
methylene chloride.

absorption & PL spectra of 1A, 1B in



A7 VAR & ote]=wAl, AI30

Table 2. The optical properties of halophenoxy perylene fluorescent.

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

1A 570 604

1B 570 604

Jeln @olAl Azkg ® 200 Qofstol Lepfgick
Bay {X]of ZtZF 4-bromophenoxy, 4-iodophenoxy

1B #7188Al= s<LstA 570

oA o) S4ubge Uehyoich Jeja 1A, 1BS
450 nme] & olgefol of7] A1 Lol 604 nim
oM FUs Aok wAuPe Uerdel, £ o A
1BYAE 28 £ AL FAsHY

3.4 Halophenoxy perylene SZx|e] ZE M=
Y EMEM

M 0 71Y8A|= down-conversion ¥A19] hybrid
LEDo| A} ZetAd ghibpo] Laxsto] AREE]7] Tjzo]
£Potn ZIAYAG] Che ETgol 1. 943 YoS
S 7FX1 PMMA (polymethyl methacrylate, Mw ~
350,000)7t sieltiz= AREHTH [13]. o]2fsh AR=
PMMA 35 <to|Al {7]9&Al= hybrid LEDO] A&t
P g 5740l a9t Alxst R7]dgAet PMMA
A9l x5 ZA74stl, PMMA ZE4H MY &
otolw7] 9jstol 97PWAS SGst= PMMA
SECT L
St halophenoxy perylene 87]33%]|(1A,1B)
9] 10, 5, 1wt®% 894 1A, 1B ZUstA 0,04 g,
0.02 g, 0.004 g} PMMA(0.36 g, 0.3 40 g)&
EA (ethyl acetate 5 g) |0fjo] =0
gojo] mye nAl HR(S71FUA
wi% & fck o] g4 & wylstel
2 U= k8, spin coaterE o]-&c}hd
silicon waferd] IEA|ZHTH 2]
hot plate ¢4 7AXRAIZl &, F
2 silicon wafero|A] ©ojujgict.

Halophenoxy perylene $7|gZA| 1A, 1BE A7}
¢ PMMA &9 &3 E45 WEsH7] ¢lsto Hitach
AF9] F-4500 fluorescence spectrophotometer2 Af
gotol 54, wyAmEAS SS9t 1 2w @
el 97)18A 1A 1B= 576 nm, 578 nmolA
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4000 (1) Excitation

1) (c)
300 () Emission 2%
3000 1A
- — (a) 10 wt
£ (b) 5 wt
=] 2000
£ —(c) 1 wt
= 1500
1000
500
0
400 450 500 550 600 650 700
Wavelength[nm]
2500 (1) Excitation
_ (b)
_ 2000 (2) Emission
= — (a) 10 wt 1B
S 1500
£ (b) 5 ©
= 1000 () 1 (a
500
0 S
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.

F4ubge Ueteln, ¥ ARdA Auste A
MY LA+ blue LEDS o:m 2o ARgsto] whANaL
5= down-conversion ®HA19] hybrid
LEDO] ARES ZA0]7] oo blue ¥l 450 nm
oge] gog o] AlA R71PEA 1A% 1B+ 610
nm, 612 nm F|of LFupgo] WP AHEH S AT

I 49] (a)= PMMA & Y /7198A 1AY =
=7F 1 winol A 7P 2wy A7l dendn
5 wt%, 10 wt%2 =7} Zold4= §U|guA B
A 2t AA=I7E Ol WOl ofif W 71T Fa
she Zom A7t stct [14] 2 49] (bl £7]%
dA 1B91 B%e 1At Agse(wi®)e ZXl2te
5w 27 g2o duRor FFA Y AHrt
SoluAl WRo] sRElol, EEA 5 winel T 9
AZ717F 7P dskdar, 1Bel H%=7F 10 wthsE w2

ol FEA AT Atolof FAgo] dojut WEAl7]
7t oFsiAl g gelstalrt.

A2
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4.7 E
I QMg BREAol Sastel FHA R che
wore] 97 AAMRZE S8 JFsHe I oz

H 1= perylene bisimide 7|8 11X & 4—brorno—2,
6-diisopropylanilineS =3t bisimide &5 A
ﬂﬁﬂlmwmmzmwm®41myﬁﬂﬂ]éﬂ
ol & B=20l, ofo]ed UXE = phenoxy A%
712 =95t hybrid LED& AA R7]dgA(1A,
1B)E g3ttt §H43st halophenoxy perylene &
SA (1A1B)°] x5 'H-NMR, FT-IRE ©]&3}d]
oot 4 o, BolE. WHSHLS EAHAC,
2 AFAoA o]Fo] ¥ 13t N,N'-bis(4-bromo-2,
6-diisopropylphenyl)-1, 6, 7, 12-tetraphenoxyperylene-
3,4,9, 10-tetracar boxylic diimide®} H| W3} 2 wf
[10], H*“a 1Bo] &olles tha TASIRAX|TE 1A%
ol R718TQl SFERRXE, oEotAE ]
EO}U}OlEoﬂ/\i 5 wt% oo et &
3H£ 542 UEUAH. 18al 4 E S80M =
S7185A 1AZF 170°C 7HA] 9F 5 wt%9] &3 A
7b ot 5, 385°C 7R Aol F% 74zt o] 1B
of wlmste] &2 U MPHS 2= e Hlstuich
T2} bay Alo] YAteo] 2 B2nlat ofoleHlg
7kt phenoxy A1g7]e] EQloe Eateto] Z7lo) e}
A obgidel SRS oA &at ojojsiein,
olzist AwE uvlEFe=z  PH3H  halophenoxy
perylene 971827 (1A,1B)2 A7}5t PMMA T2
Az 5t Qol8mA 1A(
Wt%)2 X715t PMMA W2S nmo] blueog
1 % UEtieH, 3
gS YUEYo] hybrid
ghelstaict.

Shal,
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