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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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71&9] perylene f=AlE2 @ 4 g 54,
g, Weteld, A4t olg= 5 et 542 2
o] W2 A+t Jigol Aol ot [6-8]. SHAIRE
hybrid LED& A R7|gPA 2 Atgstrlo] 24 <t
7ol Wi, g apgielo] A, &sle 5740l £
Al oot [9], AA fr1gEA = g AV e A
oz Bugo] 9t} [4-7]. ot FAIEE HYs}]
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T USE swallow-tail terrylene bisimide
terrylene bisimide -S=A|9] &3
d @ B3 EME =A5to] hybrid LED&
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2.1 Al L EAT(7]

Perylene-3,4,9,10-tetracarboxylic  dianhydride,
methyl iodide, ethanolamine, PMMA (polymethyl
methacrylate, Mw~350,000)= Sigma-AldrichAto|A] -
Asto] AFE3S1I AL, 4-bromo-1,8-napthalic anhydride,
IO—nonadecanamlne, 3-picoline, Pdcly(dppf) « CH,Cly,
Pd(PPH3)s= Tokyo Chemical IndustryAfoflA] SLQlsto]
ARESIY 11, n-dodecane, 1-bromodecane, aliquat®336,
copper powder, bis (pinacolato)diboron, 1,8-Diazabicyclo

(5.4.0)un dec-7-ene, sodium cyanoborohydride,
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phenol= Alfa AesarAtoflA] 1U35t0] ARSI 11,
p-TsOHE= Acros OrganicsAtolA] GLlsto] AF-5HY
t}. FT-IR spectrum &AL 2|5t 7]7]= Perkin-
ElmerAte] spectrum X5 ARESISIL, UV/Vis absorption
& PL spectra &L Shimadzuil?] UV-2450S A}
25tk 'H-NMR spectrum A2 JEOLARS] JNM
ECP-400717]& At&stil, 5% =A(TGA)S ¢t

717]%= Perkin-ElmerAte] TGA 7& AREstch PL

spectrum-2 PSIAFe] DARSA PRO 52002 AR&35ho
ZA5tg 1, MAF 242 Konica MinoltaAte] CS-100A

2 Argstoct.

2.2 Swallow-tail terrylene bisimide
gazHiel 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 ZejAdo] @1 AaRe7|2 AHeolA 14]
7t 308 =9oF wuIStal sodium cyanoborohydride
(0.21 g, 3.2 mmol)g F1 AF20oA 56A]7F &0t 1
gteiict. k5ol ¥ae < HCl 1 mLZ& 21 2AKF
At &, d5Y7|E 0|85l methanolz A7 s}

m\m

o =2

gl VAE Lot 22]a ZefAFo] & 45 mLE
U3 KOHZ o]85to] pHE 1052 UEo] & 3

2RSS )
magnessium surfates o]8s] =2 AAHS & o2,
RSY7IE o8l FR2RES ¢S] A st A

QA MME(1.14 g, 4.0 mmol)2 AT} [yield: 75%].
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 Z2tA3F0] &
a1, 80°CoflA 16A1F SHFRAIA ¥he5 ZAledgict. vk

dror YA H, FRSE 7‘47}0}01
d=22 AEAZIL, BYE A2 &

MASH T8 AxA|7A AAE(0.88 g, 2.7
it} [13] [yied: 50%, 'H-NMR (CDCls): &
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(PPhs)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-yI) -
napthalene (2B)

B (0.88 g, 2.7 mmol), potassium acetate (0.55
Bis(pinacolato)diboron (1.39 g, 5.5
CH,Cl, (67 mg, 0.09 mmol),

21, ALEH

g, 5.5 mmol),
mmol), [PdCly(dppf)] -
toluene 50 mlg 250 ml Z2tA 30 4

7104 2e AR £ 80°CollA] 16A1RF BHSAIZAC
HlQo| ¢gE T Areoz WzHAZl H, DCM: EA
(9:1) EFE0= o8 Ad=l7H2 # S =opE=Hm
2 Fejetel eaeh 24(0.57 g, 1.5 mmol)s AUt
[yield: 57%. 'H-NMR (CDCls): & 8.97 (dd, 1 H),
8.11 (d, 1 H), 8.00 (dg, 2 H), 7.56~7.60 (m, 1 H),

3.89~3.90 (d, 6 H), 1.40 (s, 12 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 waterS 250 ml Z2tA 3o 11
70°CollA 30+ ¥he2 AISBAIZ] &, AF=olA YA
Aok 3 o] AHEL olwAlzl § ojmy 222
10% HCIE ©o]&sl pH [89]= ZHH Fof. 1 3
aliquat®336 (0.9 ml, 1.8 mmol), KI (0.46 g, 2.
mmol)}& Zi oA 158 ot v A3
1-bromodecane (6.42 ml, 30.6 mmol)2 21 100°Co]|
A 12AKE &9t YESARRI BhEo] el § AFRofA
W7 711, 2222 E 20 mlS E911

v 8oAIZ] 2, celite
o|gsto] 2] & FRERFZ 0|85t Al
15% NaCl 281

1=}

o =

fo

powder<
Azl g2 olgstol ojviel A
AR 2 welaicy wele gotg = o] gslo]
=2 A7AstL, MeOHE o] &sto Ad=< AAHAIRI
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S, Felsto &As] dx
2(4.17 g, 4.2 mmol)2 AU} [yield: 84%, 'H-NMR
(CDCLy): & 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 (g, 12 H).

AR g f4d A R

RLN

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

1C (4.00 g, 4.0 mmol),
48.4 mmol), toluene (2.2 ml)&
P 95°C7HA] 71Est 5, p-TsOH (0.66 g, 4.0 mmol)
90 95CoIA] BAZE WSS AWAAT. yrgo]
29 $ Aeold YA F, MeOHE o] &sto]
H2g WA 5 Belstel Esl ARA F 2
st AAR AMAME(2.12 g, 3.1 mmol)S& AT} [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)].

n-dodecane (11.0 ml,
100 ml Ze2fA30j

o
=

—|> n>j o nlo

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 Z2tA3
of Y1 160°CollA 24A17F SFAIA ¥ TSPAIZ
t}. yhgol WA B 2 M
HCIE ol §3tol W%% A A sto] A
& og 7 o83} Uel7ba
JRotE 22 %340}01 o0t 2
1.7 mmol)& AU} [yield: 42%, 'H-NMR (CDCls): &
8.23 (dd, 4 H), 8.00 (d, 2 H), 7.76 (d, 2 H), 7.52
(t, 2 H), 4.30 (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 ml2 100 ml

ZetA 30 Y3l 100°C7HA] 7188t &, p-TsOH (3.24
g, 17.1 mmol)Z Y1 100°CoA 247t ¥r-g-& %13Y

LI O
AlZE Whgo] B 2 Ao JAAId. HEEe
olgsta] FHeS YA F AYTEE o]&5to
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12 o a4 A} 88 2(0.53

Tt [yield: 96%].

H

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 ZetAdo] Y1 160°CollA 4A17F ShRA|
uhgol B 3 e Wy
oj&sto] AX=Z

S5t 751*—. =2%4(0.79 g, 1.34 mmol)=
[yield: 86%, 'H-NMR (CDCls): & 8.45 (dd, 2

23 (dd, 4 H), 9 (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)].

.OOJTL

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

5C (0.78 g, 1.3 mmol), CHCl3/CH3COOH 100 ml
(2:3)2 250 ml Z2tA230] 1 30% W2 %188
A7,
g, 10.6 mmol)g 211,
T 2AI3 ugg

al
A

iodine (13 mg, 0.063 mmol), bromine
211, AAE7|oA Y-S
RISYAIZiT). §hE0] 9}5%
=22 A7 22 & ¢
5] ARAA a5t A ABG2(0.61 g, 0.9 mmol)
Aeict [yield: 68%, 'H-NMR (CDCls): & 8.51 (t,
.30 (dd, 2 H), 8.18~8.24 (m, 2 H), 8.06 (d,
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)].
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2.2.10 N-(10-nonadecyl)-9-[4-(1,8-dimethox
ycarbonyl)]napthalene)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; 58098 12
mlZ 100 ml Z2fA30] @1 85AIZ1 & [Pd(PPhs)4]



198

—_

50 mg, 0.04 mmol)&
gh & 80°CoflAl 16A]7t
712 o]835lo LojE = , hexane : ethyl
acetate (9:1) &3r20E o]&350] Ag71A ¥ 32
OhE ejm R Helsto] 245 QAN AYR031 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 (dq, 2 H), 1.86 (ddd, 2 H), 1.19~1.32 (m, 28
H), 0.80~0.83 (m, 6 H)].

T AL 2 AT

YAZT HEY

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 Ze2fA 30 Y11 160°CoA] 16A]7F SERA]AH
Uhe-2 AASILE Whol B B ARRoA WA
%, DCMCo g 8314]7]1. DCM &UjES o]8&slo] Ale]
1A B azuedme Bestol «

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)].

25t A A

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 ml& 250 ml Z2tA3Foj] Wi 160°C
o4 3x17F WrSS MAPstAL. vgo] B § Al
oM W7tAlZl H. 2 M HCl 891
S QYA Be) & %da AEA
ethyl acetate (9.5:0.5) =
A T S20lEdmE welst 24 B WY E
(0.15 g, 0.1 mmol)2 A9} [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 (CDCls): & 8.34 (s, 4 H), 7.95 (d, 4 H),

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 33, No. 3,
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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§ @Al ZetAE it o] Tk
o] AtgEng 071 ool tigt oju AJ=o] golles
7}K40F Cli= 771 801l 2222 E OoE
o otAE|o| E, EADﬂEJiEO}D}OI of tigt 9C9
OBHE 57 Aug & 1o YERIH. 7 %4 rylene
bisimidet= WAl 1L2]o] ZAgfog QIgh %
7] ol &7t AEsH7] o2y J‘loﬂ

Al R 9CO] 742 imide7]2] swallow-tail FL&7}

SR

ferrylene Yelat Bel olg Welt A A o
of. WA Aojo] o] AR} Golste] L4 ol
42 Ueide aelsigct

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

DCM  Methanol EA DMF
9C O] © X X A

Chloroform

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

3.2 Swallow-tail perylene bisimide
e U EM

Swallow-tail terrylene bisimide®] € M AH S =
Jsh7] fste] € FHRAE —’Fégﬁ}(ﬁﬂ, dojdl Axf

§ 29 20 Uehigiel 29 2298, 450 o
5 wi%e] FYUATE Lol é 247k a7} 435°CHHA
FYE 719 WIS SR} 450°C ole] Lo

Fapo] 7hadt 2 AL Ao of
St swallow-tail perylene®] Zx} [12]Q} v]

tel @ Pg/dol IA e Zle =l

w4
o ¥x

A]
al
ks
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Fig. 2. TGA thermograms of swallow-tail terrylene bisimide.

3.3 Swallow-tail perylene bisimide
sHade 22 E4

T2 302 HE M= swllow-tail terrylene bisimide
3-92 DCM &ufof] 20 ppm ==2 UV/Vis AHEH

S 573 A% 647 nmolA &) Y= 2.842 e
Yo & SWA4E AN A7 149,007 L/(mol - cm)
o GE @sla F22LE Bol ol IReE,-
020)% EFICh. B o] % 676 nmol A Ac
e S Uehlol A4 871 YA A8 s
2 shlsfgicy.

25 o —FPL 10

Intensity

05 o 2

L‘M""A’ P\ AV

o o
400 450 500 550 600 650 700 750 800 850 900
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 571834 A|= PMMAE B}Ql
B2 Atgstol WE FEIR Ak 9jo] maste] b
e} [10,12). whetd PR Aslel A oA, 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.

& oMo & g,

st
SErES PMMAOﬂ 10 wt% (1C 0.01 g +
g), 5 wt% (1C 0.005 g + PMMA 0.095
1C 0.001 g + PMMA 0.099 g)& 9.9 g9
I gl 0] 1 wi% SOz Axsted
M= silicon wafer o] drop-
gotoict. Az BESO Wy
gt 33 40 uEpQct 1
404 PMMA ZE oMo R71g8A9 527t 10
wt%, 5 wt%, lwt% $og vl N7|7F 744Aste A
= &elstdar, Ao Egupgol 680 nmofA WERE
& galsgrt

g), 1 wt%
o ZotAE]o
[ S e

O

HU m[o

casting
A E 2
——a=

EI‘JJ

2
[e]
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1
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5
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3.4.1 PMMA ZE LH0IM (1C)2t (2C)2 & okdY

435t 9C 31EE(10 wit%, 0.01 g)rb PMMA (0.09
9.9 go] olotAIEIolE guo] ol 1 wi% &
2 ttSo], A= Sgjmo] drop-casting ¥l o
2 At PMMA -2 Uojae] 9Co] 9 QHA
= 71 #lste, AR /8] 71EE 100°C &
oBo] BESIEA, By A7t whE ARG A E)]
H

A

=]

=
=2
e}

318 2795190k E 2014 PMMA BE2 1042}
T ARz Wapt A Uefdol, 943 & oby

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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43St swallow-tail terrylene bisimide
'H- NMRJ_]' FT-IRS o]&3f F+AxES &Holsta,

@ Y, 8IS 54, BW B4 52 ZASAC,
gtE 9Ce 222X 5 I =2H
ool 94% &slE SHE ol
9718001 e 8alE S4e Uerholc
FARAolq 415CH] 5 wi% ojgre] &
Qo 5, 450°CHA] Aol FF Wb} ¢
3 UV/Vis

A 5 wt%
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