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Hybrid LEDE 77| &AMZA9
Swallow-Tail Perylene Bisimide XM= 3 4 ¢4
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Abstract: Although perylene bisimide derivatives have advantages such as excellent thermal stability and high luminance

efficiency, they have poor solubility characteristics in organic solvents. In this research, in order to improve the solubility

characteristics, we prepared perylene bisimide derivatives (1C) and (2C) with swallow-tail substituted imide, which is

known to lead to excellent solubility. The structures and properties of swallow-tail perylene bisimide (1C) and (2C) were

analyzed by 'H-NMR, FT-IR, UV/Vis spectroscopy, and thermogravimetric analysis (TGA). The maximum absorption

wavelengths of (1C) and (2C) in the UV/Vis spectrum were 558 nm and 556 nm, respectively, and the maximum emission

wavelengths were 602 nm and 600 nm, respectively. In the TGA, (1C) demonstrated good thermal stability with less than
5 wt% weight loss up to 242°C. In the solubility test, (1C) and (2C) exhibited solubilities of more than 5 wt% in

chloroform, ethyl acetate, and dimethylformamide, but not in methanol. When the compounds (1C) and (2C) were mixed

with PMMA (polymethyl methacrylate), thin films showed peaks at 679 nm and 677 nm,

photoluminescence spectra. (1C) was found to be a possibl
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e candidate as red organic phosphor for hybrid LEDs.

erylene bisimide, Solubility characteristics, PMMA film

respectively, in the

Ansty 2Hc
Kﬂ

Ao|c}, ﬂaw

4 Yeon Tae Jeong; ytjeong@pknu.ac.kr

Copyright ©2019 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution  Non-Commercial ~ License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.



A7 1A =8t e]=wAl, Al32d AllS pp. 86-92, 2019 14:

o
my
o)
S
>
o
ol
o
rd
o o o 10

_EFE
rmTo
' fu

%

g 1o
Ci
o
cE N
=
my
o

r[I,
)
lo
fu
ol
old
, 2
o
,_<
>
@
!‘L
ofo

p

o
o ofo
o
—

o

_O'll‘
E
e piodg 2 R

o]
wgol shsetol wlg, A
Gyl Blsl gelstck. shalat
1 2519 9ei7t 9lof 1= Qg 4
Stk o] Qo A LEDo]

Stt}. Perylene
bisimide %Exﬂ%% ot =74, W8,
ygjety So] E SaSHARE Eolle 5740l £4]
otot, A} KHEE Ago stAZE e Zlor B
o] 9t} [4-7]. Perylene bisimideo] 7] 34A|2A
Lot B4 5 gls £ FHAII7] Ysto
imide?]o]] 83sl= &A1 EXo] Hojd swallow-tail”]
[7.8]5 &=<%dstil, bay 9X|o] phenoxy’]E =3t
swallow-tail perylene bisimideS 3H/dsta, A
perylene bisimide §= 9] &3]z, & O}Ké’ﬂ E
& 5745 3745t hybrid LED& &AM {71 %
24 A4S ZASEAH.

ol

2.1 A 2 ENTITI

1,6,7,12-Tetrachloroperylene-3,4,9, 10-tetracarboxylic
dianhydride= AlibabaAlo|A] +Usto] ARESHSI L, 7-
tridecanone, 10-nonadecanone2 Tokyo Chemical Industry
Atofl A FLUsEe] AR5 1, sodium cyanoborohydride,
phenol2 Alfa AesarAtofA] LUsto] ARRSHY AL, PMMA

AANE =
S ©

87

o o

(polymethyl methacrylate, Mw ~ 350,000)= Sigma-
AldrichAtol Al 35t%ich 'H-NMR &74-2 JEOLAIY]
JNM ECP-40071715 AR5t 1L, FT-IR spectrum &
A2 st 7171 PERKIN-ELMERALC] Spectrum X&
AgsteiTt. o % BAHS 93t 7|71 PERKIN-
ELMERAS] TGA 78 AR5 1L, UV/Vis absorption &
PL emission 42 ShimadzuAte] UV-2450S ARE5H
t}. PL excitation & exmission spectrum-2 HITACHI
Al F-45007171& AR5, MR B2 Konica

MinoltaAte] CS-100AS AHEstTt
2.2 Swallow-tail perylene bisimide &zZti|2]
(2§82
Ri. Ry o Ry. Ry 1: R,=CeHjs
e NH2 2: Ry=CgHyp
cl (4
(i) o cl ClI o
1 + o QQO I RB—N 0.0 N—{R1
NH2 o O Q Ry P Q Q 3 R,
cl Cl Cl Cl

0
R1 (ii1) =B
—_— )—N

clCl

Fig. 1. Synthetic pathway to N,N'-Bis(swallow-tail)-1,6,7,12-
tetraphenoxyperylene-3,4,9,10-tetracarboxylic diimide; (1) ammonium
acetate, sodium cyanoborohydride, metanol, 56 h, (ii) zinc acetate,
imidazole, 160°C, 5 h, and (iii) phenol, potassium carbonate,

DMF, 90°C, 24 h.

2.3 7-tridecanamine (1A)

10.08 mmol), ammonium
acetate (6.85 g, 89 mmol), methanol (50 ml)&
100 mL ZetA30] 23 Ax B2 204 14]
ZF 308 =9oF wulstl sodium cyanoborohydride
(0.38 g, 6.08 mmol)& il Ar20A 56AIZF 9o

avrsloick. ‘?JOOI gag 3 A% G4 mL)g 4
of eJ@EL7|E ol&dll methanolE A
A 2|3 FefA30] 2 60 mL&

P S 7 = O
& 2, 2REIES

7-tridecanone (2 g,
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ol&sfl 3¥o AX {7152 2|5t 1, magnessium
surfateg o] &dl == Al sl T, gddEet g
AL olgdll FREERXES YXs] AAstl »
2 0 MAE(1.27 g, 6.35 mmol)S A} (yield:
63%).

=
JLe

2.4 10-nonadecanamine (2A)

10-nonadecanone (2 g, 7.16 mmol), ammonium
acetate (4.81 g, 62.43 mmol), methanol (50 ml)<
100 mL Zatado] Ya Aa 272 Aeold 14]
7F 308 =9F wylsti sodium cyanoborohydride
(0.27 g, 4.27 mmol)S il Ar2ofA 56AIZF 9 W
sisloict. whgol 2z © &
247t o] SHEWI|E o] &3

al

ol

g UAlE AT 293 EetA30] & 60 mLS 22
KOHZ pHEZ 10.58 §t5o] & &, Z22RES 0|8
sff 39o] AAM 715 #2E ShYal, magnessium

2.5 N,N'-Bis(7-tridecyl)-1,6,7,12-
tetrachloroperylene-3,4,9,10-
tetracarboxylic diimide (1B)

1,6,7,12-Tetrachloroperylene tetracarboxylic acid
dianhydride (1.38 g, 2.6 mmol), 7-tridecanamine
(1.27 g, 6.35 mmol), Imidazole (5.03 g), zinc acetate
(0.36 g, 1.95 mmol)S 100 mL Z2tA 30| Y1 160°C
oAl SAIRE ¥EE-2 Alsgsict. ¥hgo] ¥ad $ H2o
2 Y2 §, FEERE02 835lA]7|1L hexane:
ethyl acetate (9:1) 2% &Ui& ol&sll A27P2 &
JROtEagmz Zst &ash €2 AM BHE
(0.68 g, 0.76 mmol)S VATt (yield: 29%).

2.6 N,N'-Bis(10-nonadecyl)-1,6,7,12-
tetrachloroperylene-3,4,9,10-
tetracarboxylic diimide (2B)

1,6,7,12-Tetrachloroperylene tetracarboxylic acid
dianhydride (1.13 g, 2.14 mmol), 10-nonadecanamine
(1.48 g, 5.22 mmol), Imidazole (4.14 g), zinc acetate
(0.3 g, 1.6 mmol)g 100 mL ZtA 3o Y1 160°C

oAl bAIZt ¥hg-Z A3t ¥hgo] ehaH
2 P73 H,
ethyl acetate (9:1) &% &uUjS o]&3f A
azoiElAmE Roale] ¢id 2L R
(1.02 g, 0.96 mmol)2 VIt (yield: 45%).

2.7 N,N'-Bis(7-tridecyl)-1,6,7,12-
tetraphenoxyperylene-3,4,9,10-
tetracarboxylic diimide (1C)

N,N'-Bis(7-tridecyl)-1,6,7,12-tetrachloroperylene-
3,4,9,10-tetracarboxylic diimide (0.8 g, 0.9 mmol),
phenol (0.9 g, 9.6 mmol), potassium carbonate (0.62
g, 4.5 mmol)S 100 mL ZtAFof] i of7]of gF
< &Ui= DMF (40 mL)E A7IsH S0 A4 971
&2 90°CollA] 24A17F §HE-2 AlI88stQict. §h3o] &
= o Aoz W7 5] 400 mL 2N hydrochloric
acidof] 2o} 2ollA 241t B¢t wyltsto] AREZ Al
AR LUEHE ol&sto] Falshal, #a2leh W=
A3] 7AXRA)Z|AL hexane:ethyl acetate (9.5:0.5) &
U5 olgsll A=2j7Hd ¥ F=20tE7onze Z25
= eF A AB/dE(0.48 g, 0.43 mmol)& A3
} [yield: 48%, FT-IR: 2,923 (C-H, alkanes), 1,698
(C=0), 1,659 (C=0), 1,280 (C-N), 1,219 (C-0) cm™ ',
"H-NMR (CDCl;): 6 8.54~8.64 (m, 2 H), 8.19 (dd, J =
28.71, 14.47 Hz, 4 H), 7.43~7.46 (m, 4 H), 7.20~
7.28 (m, 8 H), 7.10 (q, J]=6.54 Hz, 2 H) 6.92 (dd, J =
12.58, 8.24 Hz, 4 H), 5.05~5.16 (m, 2 H) 2.09~2.24
(m, 4 H), 1.71~1.82 (m, 4 H), 1.10~1.37 (m, 32 H),
0.79~0.90 (m, 12 H)].

> oo e
rob mj ot o

2 o
o)

5

2.8 N,N'-Bis(10-nonadecyl)-1,6,7,12-
tetraphenoxyperylene-3,4,9,10-
tetracarboxylic diimide (2C)

N,N'-Bis(10-nonadecyl)-1,6,7,12-tetrachloroper
ylene-3,4,9,10-tetracarboxylic diimide (0.318 g, 0.3
mmol), phenol (0.282 g, 3 mmol), potassium carbonate
(0.207 g, 1.5 mmol)S 100 mL Z2}AF0] @i of7]
of ¥tg- &uj2 DMF (30 mL)E A7Ist S0 Ax &
712 90°CollA] 24A17t ®Hg-S XIsstoict. whgo] ¢
g2 3 A0z W7t 50 400 mL 2N hydrochloric
acidof] Ho] 420l 24135 wutste] AR =2

AR 2, ddEEHE o]gsto] Zestal, Za2st
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MAMES AX3] 7AZXA|7]1 hexane:ethyl acetate
95:5) 23 &UjE o|&al A7A & F=2UfE )

(
mz F2fsto] =4t At AA A4=2(0.25 g, 0.13

mmol)2 AAC}H [yield: 64%, FT-IR: 2,920 (C-H,
alkanes), 1,698 (C=0), 1,659 (C=0), 1,280 (C-N),

1,217 (C-0) em™ !, 'H-NMR (CDCl;): & 8.53~8.60
(m, 2 H), 8.12~8.24 (m, 4 H), 7.38~7.53 (m, 4 H),
7.19~7.27 (m, 8 H), 7.07~7.10 (m, 2 H), 6.87~6.94
(m, 4 H), 5.03~5.12 (m, 2 H), 2.32~2.34 (m, 4 H),
1.74~1.81 (m, 4 H), 1.06~1.36 (m, 56 H), 0.79~1.00
(m, 13 H)].

3. Zdn ¥ nEt
3.1 Swallow-tail perylene bisimide &Zt|Q]
SHE 54

Hybrid LED 9AolA §7] @Al7l Sejag st
Abtto] =xwo] ARgEO 2 J7] Zofof tigh &l
Exo] Zolop sttt I2fjA Swallow-tail perylene
bisimde FEAIE QuAY §7] B Z2eEE, o)
&2, odotAHo|E, u"xFotutoltof Ojgt &
= 574 AxE & 1o YE

B 1oj|A swallow-tail perylene bisimide 1C2} 2C
o] 3%, HEZ= A /7] &ujol 5 wt% olg9
Hold 8= =42 =elstAck. 71E9] perylene
bisimidet HHY HE5PEZ 27 theo] A Aol
of &uj7t AFst7] o2y, &l S/do] £A] %Al
o, 1CeF 2C9] 4% imide”|9] swallow-tail &7}

W
=

o T

perylene P FH Ato] 5 Hele A ALg sho,
perylene AE7E &olsto] eapet

B Atolo] gy
|

o
8% E4S Uepde sHlstoic)

Table 1. Solubility of swallow-tail perylene bisimide in organic solvents.

AANE =
S ©

Chloroform  Methanol EA DMF
1B O] X A A
2B O] X A A
1C ® N ® ®
2C ® A ® ®

®: =5 wt%, O: 3~5 wt%, A: 1~3 wt%, X: <l wt%

89

o o

3.2 Swallow-tail perylene bisimide &zi|2|
oz 54
2=7t . FEAY BARO] ol
st719h Aol g 4 9l
ML HAIRE AHEE = AR of
. Swallow-tail perylene bisimide
E£73517] Hstol 2 SFRA(TCA)S

20] LpERQICE 13

225 E 363°C7IR], 1C= 242°C7HA] ©F 5 wt%
o] FF HAZF dojfon], 1 o]Fo= 393°C7HA]
Aol 5% WAk g AS HAT

Abz9] Zol7t 137§(10)2F 197(20) Atololle €71 &
ojoll g fSlme 2 Alolst gAY o QAL
BATS FAT 5 9t

120

—] B

ic

—— ., 2B

2C

100

B0
60
40 T ——
20

o
50 100 1500 200 250 300 350 400 450 500 550 600

Fig. 2. TGA thermograms of swallow-tail perylene bisimide.

3.3 Swallow-tail perylene bisimide EZH|2]

23 5y

Swallow-tail bisimide 1B} 2B9]
UV/Vis  spectrum& I3 30| UERHAL,
swallow-tail perylene bisimide 1C%} 2C9] UV/Vis
spectrumZ 13 40] YEIch. 2% 3, 404 1B
9} 2B, 1Ce} 2C Afolofl= Ft F4mato] 2 Atol7}

perylene

A= st ony, o] A2 HE swallow-tail”] 9]
EtA AFE9l Zoj= AY F4ugo 2 IS FA
e S AT 2 Ak 1B 2B bay A0
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Fig. 3. UV/Vis absorptions and PL spectra of 1B and 2B in
chloroform.

35 —PL(1C) 12
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Fig. 4. UV/Vis absorptions and PL spectra of 1C and 2C in
chloroform.

L diA=
L

A4S phenoxy?|2 A|gA|7]H °F 20 nmo]
4 ol UERfol, 19t 2Co] Ay watol
602 nm, 600 nmof] YEtL}, AA ST FFA=A A
et E 542 UEUSIY. olzigt HAE=RRH
perylene bisimideE AA 97 FLA =2 WHE7] ¢
A= perylene bisimide®] bay $]X]9] phenoxy”]
S =YslloF SFXITE, phenoxy”|2] =<2 perylene
bisimide®] & M2 TAALS U9 & A
A0 AutzHE 4 2 itk

o2l 39

3.4 Swallow-tail perylene bisimide &zZHx|2|
E NE ¥ 54 24

Hybrid LED ®Alo]d ©7] A= 943t
4 ZHe PMMAS SIS Agstol Sl §
Fej2 =xsto] AgETH (10,11,

LR
ARIS Q. EF S4B ofjzh PMMA

0.

o 1o ol
od 2 o

2 g Jm
ulm

(a) —10ut% (b) —10%

1200 —wth gy
1wt 60 Luth

1000
800 500
400

600
300

200
200 100

5 Wit

400

0 0
650 660 670 680 G%0 YOO 650 660 670 68D GO0 70D

Fig. 5. PL spectra of (a) 1C and (b) 2C in blended thin films
with PMMA.

s UelMe & e, 28 54 £ FasiH

st 1C == 2C < PMMAY] 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)E 9.9 g2 oZotAEo|E &ufjo] =of 1 wt% &
Aoz AMzstut. Axst &AHS AAH silicon
wafer $9] drop-casting ®/A10 2 FEHSH 5 guj&
5] AAst?] skl 100°C hot plate 2]oflA] 15
F AEAIZY. oA Alxst HEE9 28 &
=A517] ¢J5te] Hitachirle] F-4500 7|71 9]
05}01 1:11-;1} )\TH]EE-]O xﬂo} 1, 1 A= o
50f ettt 1™ 50A PMMA Z& WolAY &
7] ¥IA9] =% 7t 10 wt%, 5 wt%, 1 wt% &0 =2
4 A7 dastes Ae st /7] FEAl
1Cet 2CE A7ist PMMA Z&9] 2o Hgupigol
679 nm, 677 nmojA Uephds sttt o= Al
of ¥3®3t bromoaniline perylene bisimide®] ZAy}t
[9]9} Y|w3}o] swallow-tail perylene bisimide”}
PMMA ZEoAq 60 nm A= ¢ Fupgoz A|nEF
718 sholstgdct. o]Z1 & swallow-taile] AtS &7}
bromoaniline®] Al LAxHWCH PMMAS] AtS X9}
o & HEA g Beel Zoe FRC

<o)
0o

=]

v s
o
4e

P

3.4.1 PMMA ZE LH0IM (1C)2t (2C)9o &
ol 2

gt 0.01 g)xt
PMMA (0.09 g)E 9.9 g2] dg0 V\ﬂE]O]E o] =0
& A=l g2]oho]| drop-casting
AHs] AAst] st
A

158 Z9oF 100°C hot plateofA] QJollA] 7AZA|ZC
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Table 2. Color difference values of 1C and 2C in PMMA film.

Time (h) X y Y AFE
0 0.573 0.377 4.60

1 0.572 0.378 4.59 0.33

2 0.572 0.376 4.60 0.37

3 0.574 0.375 4.61 0.55

1C 4 0.573 0.373 4.59 1.10

6 0.573 0.372 4.75 1.45

8 0.578 0.373 4.064 1.46

12 0.578 0.374 4.73 1.67

16 0.580 0.372 4.68 2.04

24 0.574 0.368 4.57 2.46

0 0.489 0.400 4.43

1 0.488 0.399 4.42 0.32

2 0.487 0.401 4.42 0.45

3 0.484 0.399 4.47 0.89

2C 4 0.486 0.400 428 1.00

6 0.482 0.399 4.75 1.16

8 0.481 0.401 4.78 1.37

12 0.479 0.399 4.01 1.59

16 0.480 0.392 4.61 2.27

24 0.472 0.399 4.69 2.75
PMMA 25 WiolA9] 1C% ZCJ Yde st
7] %’45}01, AArer 7] 78S 100C &2 229 =2
WatAA], Ha At o2 *ﬂx}%l( )° Hsts &
gstol 1 AE & 201 YEUAS. ® 2014 /7]

LA 1CoF 2CE F71st PMMA Z&2 100°C &=
Q2 ol BARMER]= AMRIgLe] Wbt Aot
16A]7F o] &ofl= MXIYLe] Wt 3A Uehts ZS
golsttt. TGA Zutets th27] PMMA ZE Ul
A 1CeF 2Co] &E Qe Al Rbolrt ¢l slo]

stoick.

o o
o=

J

4. 4 2
= Ao AX A3t swallow-tail bisimide 1C
9} 2¢=2 'H-NMRi} FT-IRS o] &3] 122 olstyd
©om, hybrid LED& S %7] SR 2 A0 AA W
7He Ysto] @ A, felile B4 BF 54 5
ZASHT

§9e 5 91

o o

1Cet 2C+ tEHES Aot 222 XF, oEorAH|
o|E, fugxZotutol= §7] &Ofof 5 wt% o]At9]
a9t Bl 5448 UEUY. 22l 4 SFEA
o= 1CE 242°C7HA] 5 wt% 0]39Ho] §eol Zra7 o
ojt F, 393°CVR|] el 5 Wt gle 4T &
ot S uERYQITh 18]1 UV/Vis spectrum A
oM 1CeF 2Co At 4ol 558 nm, 556
nmo|™, 1Ce} 2Co] |4} H}i'}ﬁ_}ﬂo] 602 nm, 600
an]o11\1 7(4}\144 H]—J,}E OE ]O]_oﬂq_

Hybird LEDS &4 97] @d2 ALee & 9le
x| ootuz] ojstel §7] @A 1Cet 202 H7NE
PMMA B2 AMzste] ¥ 54 2 o oHgAe &
Asteith. Alzst 1C9F 2Co] PMMA BEL @y A
==l 679 nm. 677 nmel Ale) LA E
EHIQICH. PMMA TE UjojAe] & obgAe aels)
) et AL $AL Eal BAZIIAL AL
#ish} A7 UERRIEE 16417 o] S0l Mxzie] w

st AZe RaCh

ALolA] swallow-tail perylene bisimide 1C7}
Hrl 023t 85w EA o OlRA Bi EX SO
UEtYlo], hybrid LED& AA Q7] JdA|l=Ale] &
2 71542 arelstir),
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