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Abstract: Perylene bisimide derivatives are developed for red organic phosphor because of their advantages, such as

excellent luminous efficiency and high thermal

stability.

Despite these advantages, they have poor solubility

characteristics in organic solvents and short emission wavelength as red organic phosphor for hybrid light-emitting diodes

(LEDs). In this study, we prepared terrylene bisimide using a coupling reaction and swallow-tail imide group, which has

excellent solubility. The structures and properties of swallow-tail terrylene bisimide (9C) were analyzed using 'H-nuclear

magnetic resonance ('H-NMR), Fourier-transform infrared (FT-IR), UV/Vis spectroscopy, and thermal gravimetric analysis

(TGA). The maximum absorption wavelength of (9C) in the UV/Vis spectrum was 647 nm, and the maximum emission
wavelength was 676 nm. In the TGA, (9C) demonstrated good thermal stability with less than 5 wt% weight loss up to
415°C. In the solubility test, (9C) has a good solubility of more than 5 wt% in chloroform and dichloromethane. When
the compounds (9C) were mixed with PMMA (polymethly methacrylate), the films showed peaks at 680 nm in the PL

spectra. The results verify the suitability of (9C) as a red organic phosphor for hybrid LEDs.
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Perylene-3,4,9,10-tetracarboxylic  dianhydride,
methyl iodide, ethanolamine, PMMA (polymethyl
methacrylate, Mw~350,000)= Sigma-AldrichAtofA]
A5ty AR89, 4-bromo-1,8-napthalic anhydride,
10-nonadecanam1ne, 3-picoline, Pdcly(dppf) « CH,Cly,
Pd(PPH3)s= Tokyo Chemical IndustryAlollA] 1Qlstod
ARESE¥ 11, n-dodecane, 1-bromodecane, aliquat®336,
copper powder, bis (pinacolato)diboron, 1,8-Diazabicyclo

(5.4.0)un dec-7-ene, sodium cyanoborohydride,

e s 195

phenol= Alfa AesarAtolA] LUs5t] A5t Al
p-TsOHE= Acros OrganicsAtolA] Ldsto] AFL-5HY
t}. FT-IR spectrum &AL 2|5t 7|7]= Perkin-
ElmerAte] spectrum X= ARSI, UV/Vis absorption
& PL spectra &AL Shimadzuil?] UV-2450S A}
25tk 'H-NMR spectrum &A-2 JEOLARS] JNM
ECP-400717]& At&stal, 5% A(TGA)S ¢t
717]1%= Perkin-ElmerAte] TGA 7 A&3sHYCH PL

E S Kel

spectrum-2 PSIAFS] DARSA PRO 52008 A}-g-5}of
EA5tg 1, MAF 242 Konica MinoltaAte] CS-100A

2 Argstoct.

2.2 Swallow-tail terrylene bisimide
gzyie g

2.2.1 10-nonadecanamine (1A)

10-nonadecanone (1.50 g, 5.4 mmol), ammonium
acetate (3.62 g, 46.8 mmol), methanol (40 ml)&
100 mL Z2tA30] 91 A4R972 oA 14]
7t 308 =9oF wulStal sodium cyanoborohydride
(0.21 g, 3.2 mmol)& il Ao 56AI7F =9 W
gtsteict. §heo] ¢h&2e § HCl 1 mLg 21 24t

o] XY &, 3|A=87|= 0] 835 methanolS A7 3}
13 1AE AUt 2 Fepa3o] B 45 mLe

21l KOHE o]&5te pHE 10.52 T50l & &, 2
22Rg5 ol W0 AN /IS5 2YE st
magnessium surfates o]8s] =2 AAHSl & e,
BT E o|8e) Fr2RLES S| A5t &M

QA MME(1.14 g, 4.0 mmol)2 AT} [yield: 75%].

5

2.2.2 1,8-Dimethoxycarbonyl-4-bromonap
thalene (1B)

4-bromo-1,8-napthalic anhydride (1.50 g, 5.4

mmol), DBU (2.4 ml, 16.2 mmol), Mel (1.0 ml,
16.2 mmol), MeOH 15 ml& 100 ml Z2}A 3o ¥
1, 80°Co|A] 16A]17F 3H2A|7 dvle.o xoﬁoﬁq uho

of ga® F Loz Y .

o RS A0, AYE ARES He o 2
ol-gsto] AASH thg HURAIA A/d=2(0.88 g, 2.
mmol)S At [13] [yied: 50%, 'H-NMR (CDCls):
8.48~8.51 (m, 1 H), 8.04 (dd, 1 H), 7.81~7.87 (m

H), 7.63 (dd, 1 H), 3.89 (dd, 6 H)].
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Fig. 1. The synthetic procedure and structure of swallow-tail terrylene bisimide; (i) ammonium acetate, sodium cyanoborohydride, MeOH, 56
h, (i) MeOH, DBU, Mel, 80°C 16 h, (iii) potassium acetate, Bpin, PdCly(dppf) - CH,Cl, toluene, 80°C, 16h, (iv) KOH, aliquat®336, KI,
1-bromodecane 100°C, 12 h, (V) n-dodecane, toluene, p-TsOH, 95°C, 5 h, (vi) copper powder, 3-picoline, 160°C, 24 h, (vi) p-TsOH,
toluene, 100°C, 2 h, (vii) 10-nonadecanamine, zinc acetate, imidazole, 160°C, 4 h, (ix) CHCL;/CH;COOH, I, Br, 2 h, (x) toluene, MeOH,
Na,CO;, Pd(PPh;)s, 80°C, 16 h, (xi) 10-nonadecanamine, zinc acetate, imidazole, 160°C, 16 h, and (xil) K,CO;s, ethanolamine, 160°C, 3 h.

2.2.3 1,8-Dimethoxycarbonyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxoborolane-2-yl) -
napthalene (2B)

B (0.88 g, 2.7 mmol), potassium acetate (0.55
g, 5.5 mmol), Bis(pinacolato)diboron (1.39 g, 5.5
mmol), [PdCly,(dppf)] - CH,Cl, (67 mg, 0.09 mmol),
toluene 50 ml2 250 ml Z2tA 30 1, AALEQ]
71014 "W RS & 80°Cof|A] 16417 ¥h-SA|H Lt
dreo] ofg S Aeog W77l T, DCM : EA
(9: 1) EFLoRE olgal Aol & 2ok 1eq
274(0.57 g, 1.5 mmol)3 LAt
'H-NMR (CDClL): & 8.97 (dd, 1 H),
8.00 (dg, 2 H), 7.56~7.60 (m, 1 H),
1.40 (s, 12 h)].

Olﬂo rﬂ

[yield: 57%,
8.11 (d, 1 H),
3.89~3.90 (d, 6 H),

2.2.4 3,4,9,10-Tertra(decyloxycarbonyl) peryle ne (1C)

PTCDA (2.00 g, 5.0 mmol), KOH (1.54 g, 27.5
mmol), 60 ml DI waterE 250 ml Z2tA 30 Y1
T0°ColA] 302 WSS APAIZL B, ALolA] A
Aok 3 o] WL ouhlzl ¥ ol 2Ag
10% HCIE ©o]gsl pH [89]= ZHH Fof. 1 &
aliquat®336 (0.9 ml, 1.8 mmol), 2

mmol)Z 21 A=olA 16& &St H}%%

e
oL,
—
o
Q
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1-bromodecane (6.42 ml, 30.6 mmol)
A 12A1KF &<t YESARIT) §hgo] e
WA 7)1, 2R2Rs 20 me 9 &5jA)7 &
powder& ©|8&sto] 22| & ZERRIAFZ o|8sto] Al
MBI 15% NaCl 58912 o] gsjo] ofzigl goig
AR & Belazic 2ejsl goig

rbl
o %
ox
o
=
.
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=

8 MgSOs5 ©]-&35}oq
=2 A7stil, MeOHE o]&sto] FA=2 AFEAIA
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%, Belsto] YHs] AR TS 24 A YA
2(4.17 g, 4.2 mmol)& A9t [yield: 84%, 'H-NMR
(CDClg): 6 8.22 (d, 4 H), 8.00 (m, 4 H), 4.32 (t, 8
H), 1.79 (q, 8 H), 1.43~1.48 (m, 8 H), 1.27~1.38
(m, 48 H), 0.88 (q, 12 H)].

2.2.5 9,10-Di-(decyloxycarbonyl)-
perylene-3, 4-anhydride (2C)

1C (4.00 g, 4.0 mmol),
48.4 mmol),

n-dodecane (11.0 ml,
toluene (2.2 ml)2 100 ml Z2}A 30
P 95°C7HA] 71Est 5, p-TsOH (0.66 g, 4.0 mmol)
S wm 95COlA] SN WS AWAAC vSol
g2® § ALoA W2AZl Fl, MeOHS ol &5to]
AR YA welstel YAs| ARAT 2 &
2ol A AMAE(2.12 g, 3.1 mmol)S ATt [yield:
76%, 'H-NMR (CDCls): 6 8.59 (d, 2 H), 8.43 (m, 4
H), 8.10 (d, 2 H), 4.31~4.38 (m, 4 H), 1.81 (q, 4 H),
1.44~1.49 (m, 4 H), 1.34~1.41 (dd, 24 H), 0.83~0.91
(m, 6 H)].
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2.2.6 3,4-Di-(decyloxycarbonyl)-perylene (3C)

2C (2.80 g, 4.0 mmol), copper powder (2.57 g,

41.5 mmol), 3-picoline (70 ml)& 250 ml =2t~
of i1 160°ColA 24Xt &FAIA ¥He= J“*lﬁ
o} vigo] ¢rE & AFLdA 37 2 M
HCIZ olgsto] 352e AHAZ §
2

g ore 7

8.23 (dd, 4 H), 8.00 (d, 2 H), 7.76 (d, 2 H), 7.52
(t, 2 H), 430 (t, 4 H), 1.78 (dt, 4 H), 1.40~1.46
(m, 4 H), 1.26~1.35 (m, 24 H), 0.86~0.89 (t, 6 H)|.

2.2.7 Perylene-3,4-anhydride (4C)
3C (1.06 g, 1.7 mmol), toluene 15 mlS 100 ml

ZetA 30 Y1 100°C7HA] 71Est &, p-TsOH (3.24
g, 17.1 mmol)& Y1 100°CoA 2A|7t ¥H-g-& %13Y

LI O
Al Whgo] Bd 2 Aol WAAId. HEEe
olgsta] FH=S YA F AYTEE o]&5to
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It [yield: 96%].

ofnt & &

g, 1.6 mmol)& &
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2.2.8 N-(10-nonadecyl)perylene-3,4-
dicarbox imide (5C)

4C (0.5 g, 1.6 mmol), 1-1 (0.65 g, 2.2 mmol),
zinc acetate (0.31 g, 1.4 mmol), imidazole 5.00 g
< 100 ml ‘*Ejr’“:’oﬂ 160°C°ﬂ/\1 4AANZE ERA

S5 AAR <(0.79 g, 1.34 mmol)&
[yield: 86%, 'H-NMR (CDCls): & 8.45 (dd, 2
23 (dd, 4 H), 7.79 (d, 2 H), 7.52 (t, 2 H),
5.17~5.23 (m, 1 H), 2.26 (dtd, 2 H), 1.87 (ddt, 2
H), 1.20~1.36 (m, 28 H), 0.81~0.86 (m, 6 H)].

—

2
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2.2.9 N-(10-nonadecyl)-9-bromoperylene-
3,4-dicarboximide (6C)

5C (0.78 g, 1.3 mmol), CHCls/CHsCOOH 100 ml
(2:3)& 250 ml ZefAFo] Y1 308 ¥H3-S %13
AlZ1 H, iodine (13 mg, 0.063 mmol), bromine
L AR WS
/\]9:11:]- H]—OO] 2]—5!3—4_
S| A7 22 S ¢
3] 74—75—/\]74 S5t A AMAA2(0.61 g, 0.9 mmol)
[yield: 68%, 'H-NMR (CDCls): & 8.51 (t,
.30 (dd, 2 H), 8.18~8.24 (m, 2 H), 8.06 (d. 1
H) 7.79 (d, 1 H), 7.61 (t, 1 H), 5.19 (ddd, 1 H),
2.25 (qd, 2 H), 1.86 (td, 2 H), 1.20~1.31 (m, 28

H), 0.82 (t, 6 H)I.
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E
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2.2.10 N-(10-nonadecyl)-9-[4-(1,8-dimethox
ycarbonyl)lnapthalene)perylene-3,4-
dicarboximide (7C)

6C (0.61 g, 0.9 mmol), 2-2 (0.401 g, 1.1 mmol),
toluene 24 ml, MeOH 2 ml, 1 M Na;CO; 4808 12
mlg 100 ml Z2fA30] @1 85AIZ1 £ [Pd(PPhs)d]
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50 mg, 0.04 mmol)&

gt & 80°CoflAl 16A1ZE ‘ﬂ%e QR
715 o]8&3te Qujs = hexane : ethyl
acetate (9:1) Eg8U|= o] 83lo] A7 I A=
ohEIemE Belste] #ad oA M (031 g,
0.4 mmol)S AU} [yield: 40%, 'H-NMR (CDCls): &
8.48~8.59 (m, 3 H), 8.36~8.43 (m, 3 H), 8.17 (t, 1
H), 8.01~8.04 (m, 1 H), 7.56~7.63 (m, 3 H), 7.32~
7.43 (m, 3 H), 5.19 (ddd, 1 H), 3.97 (d, 6 H),
2.25 (dg, 2 H), 1.86 (ddd, 2 H), 1.19~1.32 (m, 28
H), 0.80~0.83 (m, 6 H)].

S Rk
.

2.2.11 N-(10-nonadecyl)-9-[4-N" -(10-nonad
ecyl)napthalene-1,8-dicarboximide]
perylene-3,4-dicarboximide (8C)

7C (0.45 g, 0.5 mmol), 1-1 (0.24 g, 0.8 mmol),
zinc acetate (0.073 g, 0.3 mmol), imidazole 5 g&
100 ml ZefA 30 Y1 160°ColA] 16A]7F SERA]A
Bhe-2 AASIILE ¥hol B B AN WA
%, DCMO.2 88}A17]3 DCM 805 olgsto] Ale]
ZHA 3 3 2ot o2 Balsto] &45F A ARA

2(0.34 g, 0.3 mmol)S A} [yield: 59%, 'H-NMR
(CDCl3): 6 8.47~8.66 (m, 7 H), 8.19~8.21 (m, 2 H),
7.73~7.86 (m, 3 H), 7.41~7.66 (m, 2 H), 5.19 (tdd,
2 H), 2.17~2.30 (m, 4 H), 1.79~1.89 (m, 4 H),
1.19~1.33 (m, 56 H), 0.82~0.87 (m, 12 H)].

2.2.12 N,N° -Di(10-nonadecyl)terrylene-
3,4:11,12-tetracarboxidiimide (9C)

8C (0.34 g, 0.3 mmol), K,COs3 (0.46 g, 3.2 mmol),
ethanolamine 80 mlg 250 ml Z2tA3Foj] Y1 160°C
oAl 3AIRt ¥tg-S RSttt ¥rgo]l 2d & g2
oAl FWZAIZ H, 2 M HCl &8 o] &sto A&
= A7 22 & ¢A5] ARAIZ] F hexane :
ethyl acetate (9.5:0.5) &30S o]&35to Alg|7}
A @ azote ez Bejstel 2ad A WYL
(0.15 g, 0.1 mmol)S AAUT} [yield: 44%, FT-IR:
2,921 (C-H, alkanes), 2,850 (C-H, alkanes), 1,691
(C=0), 1,690 (C=0), 1,584 (C-C), 1,350 (C-N) cm!

'H-NMR (CDCl3): & 8.34 (s, 4 H), 7.95 (d, 4 H),

7.85 (s, 4 H), 5.18~5.22 (m, 2 H), 2.24~2.32 (m, 4
H), 1.95 (dq, 4 H), 1.24~1.39 (m, 56 H), 0.83 (t, ] =
6.9 Hz, 12 H)].

3.1 Swallow-tail terrylene bisimide
sztilel B 54

Hybrid LED& dAl= S2tAE %.“?J o]
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7}K10F eIt gt w71 &0 EEEE%, Dﬂ
ofZolAElolE, HugmEotutol =] Hig 9Ce]
OHE 57 2= & 1o YEHAS 7]1E9] rylene
bisimidex= #lMv2]o] ZAjtoz QIgh HH LIRS 7t
7] W0l &ui7t AFst] ol Esli= E40] £
A QkA]QE, 9CO 742 imide”]9] swallow-tail FL&7}
terrylene HHy} W Ajo]2 Ha]l:= A A2 5}
of, ¥H Atolof] gulj HE7I &olstd =
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Table 1. Solubility of swallow-tail terrylene bisimide in organic solvents.

Chloroform DCM  Methanol EA DMF
9C O] © X X A

©: =5 wt%, O: 3~5 wt%, A: 1~3 wt%, x: <l wt%

3.2 Swallow-tail perylene bisimide
EHe U EM

Swallow-tail terrylene bisimide®] & <934
dstz] flsted 2 SERAS aedstklal, dojrl
S 33 20] YERRQITE 17 22 9E, 415CoA
5 wt%9] vt dold §, STV 435°CrHA]
Td= 719 LA RIS 450°C o]4fe] 2o
PREERE 7<aﬂto] ZAagh 712 gQlatdct Atz RE o]
Ao HERSE swallow-tail perylene®] ZAit [12]9} H]

Sefol 2 SHol TN R A2 Slstsic

4

o
=2
4

29 B
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Fig. 2. TGA thermograms of swallow-tail terrylene bisimide.

3.3 Swallow-tail perylene bisimide
sHaxel 22 4

T2 30 2HE M= swllow-tail terrylene bisimide
3-92 DCM &ujfof] 20 ppm ==2 UV/Vis AHEH

S 574 27 647 nmollA AT SYE 2845 YUE
U 2 52 ARkt 239 149,007 L/(mol - cm)
o ztg i 8(-

, 2R2Rg BUf Lﬂoﬂfﬂ TR
C i EEY 4% 676 nmofA] A

(@)
S
jo
W
iu)
=
32

S TS Ueie] 4 7] SR A8 1A
2 aolstart.

25 o —FPL 10

Intensity

05 o 2

L‘M""A’ P\ AV
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Wavelength(nm)

Fig. 3. UV/Vis absorption and PL spectra of 9C in dichloromethane.

3.4 Swallow-tail perylene bisimide
gailol LE MZE Y SN BN

Hybrid LED YA A 57183 A= PMMAS B}Ql
B2 Atgstol WE FEIR Ak 9jo] maste] b
e} [10,12). whets PR Aslel A o, B

(a) (a) 10 Wt%
1000 (b) 5 wt%
(c) 1 wt%

Intensity
a
8
8

T T Y T T T T T T ]
630 640 650 660 670 680 €90 700 710 720 730
Wavelength (nm)

Fig. 4. PL spectra of 9C in blended thin films with PMMA.

g oMY & 484,

st
C SI3IES PMMAO] 10 wt% (1C 0.01 g +
PMMA 0.09 g), 5 wt% (1C 0.005 g + PMMA 0.095
g), 1 wt% (1C 0.001 g + PMMA 0.099 g)& 9.9 g9
oZotElo] £ Gufo] ol 1wt §oto A|xst
Ch Axst 888 ANAH silicon wafer £Jo] drop-
casting 1:1]-/\] _,:;__Eéal-oﬂq xﬂxo]- uJE_E_‘] l:l]—_L}
AmES 573 A 13 4o depjolch 13
4014 PMMA BE WolAe] F71gdAe =7t 10
wt%, 5 wt%, lwt% &0z €t M7|7t ZHASH= 7
2 IS, Ao Eadupgo] 680 nmojlA UERE
= skl

r&*' H” o o

3.4.1 PMMA ZE LH0jIM (1C)2t (2C)2] & okdd

435t 9C 3FEE(10 wit%, 0.01 g)rb PMMA (0.09
9.9 go] olotAIEIolE Guljo] ol 1 wit% &
2 hsof, Al §ejwo] drop-casting WE o
2 dch PMMA -2 Uojae] 9Co] 9 HdA
= 7] #fsto, MRS g2 71EE 100C &2
oBo] BESIEA, By A7t whE ARG A E)]
H

A

=]

=
=2
o

a2 z7stect. & 2014 PMMA 5L 10413}
+ AIRIgre] Wgbh A7) Ueidel, S4% & 91

Table 2. Color difference values of 9C in PMMA film.

Time (h) X y Y AFE
0 0.400 0.484 1.27
1 0.398 0.484 1.32 0.56
1C 3 0.403 0.490 1.32 0.62
5 0.427 0.526 1.13 1.02
10 0.402 0.478 1.18 1.42
24 0.401 0.501 1.34 1.60
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IH- NMRL} FT-IRS o8] Fx= =Holst,
o oRA, 83w EA, B EAN =9 xAlstar)

AEE SRE 9Ce ZR2A S 22 2uERI
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