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New ortho-twisted asymmetric anthracene derivatives have been synthesized and characterized. The
anthracene derivatives show good thermal stability with high glass transition temperatures and a pure
blue emission with a narrow full width at half maximum in a film state (Amax =454 nm with 71 nm for 2-
(2-methylnaphtathalene-1-y1)-9,10-di(naphthalene-2-yl)anthracene and Amax =445 nm with 60 nm for
2-(biphenyl-2-y1)-9,10-di(naphthalene-2-yl)anthracene). A multi-layered device using 2-(2-methyl-
naphtathalene-1-y1)-9,10-di(naphthalene-2-yl)anthracene as an emitting material exhibits a maximum
quantum efficiency of 3.61% (power efficiency of 2.15 Im/W, current efficiency of 3.55 cd/A) and blue
Commission Internationale de I'Eclairage chromaticity coordinates (x = 0.15, y = 0.13). A fabricated device
using 2-(biphenyl-2-yl)-9,10-di(naphthalene-2-yl)anthracene as an emitting material exhibits
a maximum quantum efficiency of 3.7% (power efficiency of 2.11 Im/W, current efficiency of 3.55 cd/A)
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and a blue Commission Internationale de I'Eclairage chromaticity coordinates (x =0.15, y =0.12).
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1. Introduction

Since the first demonstration of electroluminescence from
organic fluorescent materials in 1987, organic light-emitting diodes
(OLEDs) have been extensively researched because of their poten-
tial application to full-color flat-pannel displays [1,2]. Significant
progress in material synthesis and device construction have led to
the realization of full color as well as white OLEDs with improved
efficiencies and lifetimes. Great effort has been made to develop
high performance materials with desirable properties and devices
with optimized architecture to develop marketable OLEDs [3,4].
While nuerous red [5—7] and green [8—10] materials have been
designed, stable, highly efficient, blue-emitting materials have
proved more challenging [11—13]. Accordingly, the development of
high-performance blue light emitting materials has received
attention and many blue materials such as anthracene [14—19],
fluorene [12,20], di(styryl)arylene [21,22], tetra(phenyl)pyrene
[23—25], tetra(phenyl)silyl [13,16] derivatives have been designed.
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Anthracene derivatives have been extensively studied and
developed as light-emitting materials in OLEDs owing to their
interesting photoluminescence (PL) and electroluminescence (EL)
properties [16]. By introducing bulky substituents at the 9,10-
positions of anthracene, the molecule becomes highly non-planar
due to steric interactions between the substituents and the
anthracene core. The fluorescent-quenching interactions caused by
intermolecular interactions can thus be suppressed and the non-
radiative energy decay can be reduced [26—28].

Recently, our group reported that 2,6,9,10-tetra-substituted
anthracene derivatives showed high quantum efficiency and good
thermal stability. The introduced substituents at 2,6-positions of
anthracene slightly increased the conjugation length, leading to
deteriorated color purity, although the efficiency was increased
[27].

In this study, we designed new blue emitting materials,
composed of 9,10-di(2-naphthyl)anthracene and highly twisted
ortho-methylated naphthyl or ortho-phenylated phenyl groups on
the 2-position of anthracene. 9,10-Di(2-naphthyl)anthracene (ADN)
is one of the best blue host materials, exhibiting a stable and
smooth thin film with bright blue emission and efficiency. For
improvement of color purity and efficiency, either an ortho-meth-
ylated naphthyl or an ortho-phenylated phenyl group was


mailto:ykim@gnu.ac.kr
mailto:skwon@gnu.ac.kr
www.sciencedirect.com/science/journal/01437208
http://www.elsevier.com/locate/dyepig
http://dx.doi.org/10.1016/j.dyepig.2011.03.002
http://dx.doi.org/10.1016/j.dyepig.2011.03.002
http://dx.doi.org/10.1016/j.dyepig.2011.03.002

1076 M.-G. Shin et al. / Dyes and Pigments 92 (2012) 1075—1082

introduced at the 2-position of anthracene. The introduction of
ortho-substituents leads to a non-coplanar structure and
suppression of the intermolecular interactions. It is anticipated that
these new anthracenes will show high efficiency and color purity
for blue light emitting materials.

2. Experimental
2.1. Materials

All starting materials were purchased from Aldrich and Strem
and were used without further purification.

2.2. Instrument

TH NMR spectra were recorded using a Bruker Avance-
300 MHz FT-NMR spectrometer, and chemical shifts were repor-
ted in ppm units with tetramethylsilane as internal standard. FT-IR
spectra were recorded using a Bruker IFS66 spectrometer. Ther-
mogravimetric analysis (TGA) was performed under nitrogen
using a TA instruments 2050 thermogravimetric analyzer. Differ-
ential scanning calorimeter (DSC) was conducted under nitrogen
using a TA instrument DSC Q10. The both samples were heated at
a rate of 10 °C/min. UV-visible spectra and photoluminescence
(PL) spectra were measured by Shimadsu UV-1065PC UV-visible
spectrophotometer and Perkin Elmer LS50B fluorescence spec-
trophotometer, respectively. The electrochemical properties of the
materials were measured by cyclic voltammetry using an Epsilon
C3 in a 0.1 M solution of tetrabutyl ammonium perchlorate in
acetonitrile. The organic electroluminescence (EL) devices were
fabricated using successive vacuum-deposition of N,N'-diphen]yl-
N,N’-bis-[4-(phenyl-m-tolylamino)phenyl]biphenyl-4,4’-diamine
(DNTPD, 700 A), N,N'-diphenyl-N,N'-di(1-naphthyl)-1,1’-biphenyl-
4.4'-diamine (NPD, 300 A), 9.10-di(naphthalene-2-yl)anthracene
(ADN):MNAn or BIPAn (3%), tris(8-hydroxyquinoline)aluminum
(Algs, 400 A), LiF (5 A), and Al electrode on top of the ITO glass
substrate. The ITO glass with a sheet resistance of about 10 Q was
etched for the anode electrode pattern and cleaned in ultrasonic
baths of isopropyl alcohol and acetone. The overlap area of Al and
ITO electrodes is about 4 mm? A UV zone cleaner (Jeilight
Company) was used for further cleaning before vacuum deposition
of the organic materials. Vacuum deposition of the organic mate-
rials was carried out under a pressure of 2 x 10~/ torr. The depo-
sition rate for organic materials was about 0.1 nm/s. The
evaporation rate and the thickness of the film were measured with
a quartz oscillator. OLED performance was studied by measuring
the current—voltage—luminescence (I-V—L) characteristics, EL,
and PL spectra at room temperature. [-V—L characteristics and CIE
color coordinates were measured with a Keithley SMU238 and
Spectrascan PR650. EL spectra of the devices were measured
utilizing a diode array rapid analyzer system (Professional Scien-
tific Instrument Corp.) Fluorescence spectra of the solutions in
chloroform were measured using a spectrofluorimeter (Shimadzu
Corp.).

2.2.1. 2-Methyl-1-naphthaleneboronic acid (1)

2.5 M n-butyllithium (19.9 mL, 50.0 mmol) was slowly added to
1-bromo-2-methyl naphthalene (10 g, 45.0 mmol) in anhydrous
tetrahydrofuran (THF) (100 mL) at —78 °C. The mixture was stirred
for 30 min at —40°C. Triethyl borate (19.8 g, 140.0 mmol) was
slowly dropped into the mixture and stirred at room temperature.
After 12 h, the reaction was terminated by the addition of HCI (2 N,
100 mL) and extracted with ethyl acetate (300 mL). The crude
product was purified by recrystallization with hexane. The white
solid product was obtained by purification. Yield: 5.76 g (68.5%);

m.p.126.8 °C, TH NMR (300 MHz, CDCls, ppm): 6 = 2.57 (s, 3H). 5.06
(s, 2H), 7.31 (d, J = 8.40 Hz, 1H), 7.50 ~7.40 (m, 2H), 7.84~7.75 (m,
3H). FTI-IR (KBr) (cm™): 3400 (O—H), 3045 (aromatic C—H), 2990
(aliphatic C—H).

2.2.2. 2-Bromobiphenyl (2)

1,2-Dibromobenzene (19.34 g, 82.0 mmol) and phenylboronic
acid (5 g, 0.4 mmol) were mixed in THF (50 mL). K;CO3 (2 M, 20 mL)
was added to the mixture. The mixture was then left under
a nitrogen stream for 15 min. Tetrakis(triphenylphosphine)palla-
dium (Pd(PPhs)4) (0.5g, 0.4 mmol) was added and the result
solution was refluxed for 24 h at 110 °C. Once the reaction was
completed, the crude product was quenched with HCl (2 N, 100 mL)
aqueous solution. The product was extracted with dichloro-
methane (300 mL). The crude product was purified by column
chromatography with hexane. Colorless oily compound was
obtained by purification. EI-MS: m/z 231 Yield: 4 g (41.8%); '"H NMR
(300 MHz, CDCl3, ppm) 6 =7.27—7.21 (m, 1H), 7.41-7.36 (m, 2H),
7.47—7.43 (m, 5H), 7.72 (d, ] = 7.96 Hz, 1H). FT-IR (KBr) (cm~1): 3030
(aromatic C—H), 2980 (aliphatic C—H), 1419.

2.2.3. 2-(Biphenyl-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3)

2.5 M n-butyllithium (16.47 mL, 41 mmol) was slowly added to
2-bromo-biphenyl (8.00 g, 34 mmol) in THF (100 mL) at —78 °C.
The mixture was stirred for 30 min at —40°C. 2-Isopropoxy-
4,455 -tetramethyl-[1, 3, 2] dioxaborolane (7.66 g, 41 mmol) was
slowly dropped into the mixture and stirred at room temperature.
After 12 h, the reaction was terminated by the addition of HCI (2 N,
100 mL) and extracted with ethyl acetate (300 mL). The crude
product was purified by recrystallization with hexane. The white
solid product was obtained by purification. Yield: 6.5 g (60.1%); 'H
NMR (300 MHz, CDCl3, ppm) 6 = 1.25 (s, 12H), 7.52—7.35 (m, 8H),
7.77 (d,] = 7.34, TH). FT-IR (KBr) (cm~1): 3020 (aromatic C—H), 2985
(aliphatic C—H).

2.24. 2-Bromoanthraquinone (4)

2-Aminoanthraquinone (15.00g, 672 mmol) and cupric
bromide (33.77 g, 151, 19 mmol) were mixed in CH3CN (250 mL).
Tert-butyl nitrite (33.77 g, 151.19 mmol) was added to the mixture
and stirred for 2 h. After the reaction was quenched with water
(200 mL), the crude product was filtered and washed with CH3CN.
The crude product was purified by column chromatography with
hexane/methylene dichloride (1/1). Yellowish compound was
obtained by purification. EI-MS: m/z 285 m.p. 206 °C, Yield: 13.35 g
(69.2%); 'H NMR (300 MHz, CDCls, ppm) 6 = 7.80~7.86 (m, 2H),
7.93(dd,J=8.302.12 Hz, 1H), 8.18 (d, ] = 8.3 Hz, 1H), 8.28 ~8.33 (m,
2H), 8.43 (d, J=1.98 Hz, 1H). FT-IR (KBr) (cm~!): 3075 (aromatic
C—H), 1681 (C=0), 2980 (aliphatic C—H).

2.2.5. 2-Bromo-9,10-di(naphthalene-2-yl)anthracene (5)
N-butyllithium (35.25 mL, 88 mmol) was dropped into 2-bro-
monaphthalene (16.59 g, 35 mmol) in THF (100 mL) at —78 °C. After
1 h stirring, 2-bromoanthraquinone (10 g, 35 mmol) was added to
the mixture at —40 °C and the mixture was stirred for 12 h aqueous
ammonium chloride (2 M, 200 mL) was slowly added to the mixture
and extracted with diethyl ether (300 mL). After recrystallization
with diethyl ether, the recrystallized solid was added in the mixture
of acetic acid (100 mL), potassium iodide (17.4 g, 0.105 mol) and
hypophosphite soda (22.23 g, 0.210 mol). After the mixture was
stirred for 6 h at 120 °C, the crude product was filtered and washed
with water and ethanol. The crude product was purified by column
chromatography with hexane. Yellowish compound was obtained
by purification. EI-MS: m/z 508 Yield: 14g (78.9%); 'H NMR
(300 MHz, CDCl3, ppm) 6 = 7.38 ~7.34 (m, 3H), 7.69~7.61 (m, 7H),
7.76~7.71 (m, 2H), 791 (d, J=3.15, 1H), 8.01~7.94 (m, 4H),
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Scheme 1. Synthetic route to MNAn and BIPAn.

8.09~8.05 (m, 2H), 8.14~8.10 (m, 2H). FT-IR (KBr) (cm~!): 3043

(aromatic C—H), 2980 (aliphatic C—H), 1572 (C=C).

2.2.6. 2-(2-Methylnaphtathalene-1-yl)-9,10-di(naphthalene-2-yl)
anthracene (MNAn)

The product was obtained by the procedure used for the prep-
aration of 2-bromobiphenyl and purified by column chromatog-
raphy with hexane. The yellowish compound was obtained by
sublimation purification. HRMS: calcd. for C45H30: 570.2347, found:
570.2353.Yield: 1.96 g (29.17%); 'H NMR (300 MHz, CDCl3, ppm)
0=2.25 (d, J=2.77, 3H), 7.30~7.26 (m, 2H), 7.38~7.31 (m, 4H),
757~747 (m, 3H), 7.67~7.62 (m, 3H), 7.71~7.70 (m, 1H),
784~7.73 (m, 5H), 8.02~7.88 (m, 6H), 8.09~8.05 (m, 1H),
817 ~8.12 (m, 2H). FT-IR (KBr) (cm~!): 3030 (aromatic C—H), 2990
(aliphatic C—H).

2.2.7. 2-(Biphenyl-2-yl)-9,10-di(naphthalene-2-yl)anthracene
(BIPAn)

2-Bromo-9,10-di(naphthalene-2-yl)anthracene (6g, 12 mmol)
and of 2-(biphenyl-2-yl)-4,5,5-tetramethyl-1,3,2-dioxaborolane
(4.3 g, 15 mmol) was added in the solution of toluene (80 mL),

K>CO3 (2 M, 40 mL), THF (25 mL) and tetrakis(triphneylphosphine)
palladium (0) (0.27 g, 2 mol%). The solution was stirred in N; for
24 h at 110 °C. After reaction, the mixture was quenched with HCI
(2N, 100 mL). The crude product was extracted with ethyl ether
(300 mL), and the ethyl ether was evaporated. The purification of
crude product was carried out by column chromatography with
hexane. The yellowish compound was obtained by sublimation
purification. HRMS: calcd. for C46Hs0: 582.2347, found: 582.2354.
Yield: 5.15 g (75.1%); "H NMR (300 MHz, CDCl, ppm) 6 = 7.03 ~7.01
(m, 2H), 715~7.10 (t, 2H), 7.23~7.18 (m, 2H), 7.74 (d, ] =8.26 Hz,
2H), 7.30~7.26 (m, 3H), 7.36 ~7.34 (m, 3H), 742 ~7.39 (m, 1H), 7.50
(d, J=141Hz, 1H), 7.69~7.60 (m, 7H), 7.76~7.72 (m, 2H),
7.91~7.88 (m, 1H), 8.06 ~8.00 (m, 3H), 8.10 (d, ] = 8.34 Hz, 1H). FT-
IR (KBr) (cm~1): 3050 (aromatic C—H).

3. Results and discussion

The synthetic route for the preparation MNAn and BIPAn is
shown in Scheme 1. 2-Bromo-9,10-dinaphthyl anthracene
was obtained by nucleophilic addition of 2-lithionaphthalene to
2-bromoanthraquinone followed by an oxidation reaction. MNAn
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HOMO

Fig. 1. Calculated stereostructures and the contour plots of HOMO and LUMO energy densities of (a) MNAn and (b) BIPAn.

and BIPAn were synthesized by a Suzuki coupling reaction of 2-
bromo-9,10-dinaphthylanthracene with 2-methyl-1-naphthalene
boronic acid and 2-(biphenyl-2-yl)-4,4,55-tetramethyl-1,3,2-
dioxaborolane, respectively. The structures of MNAn and BIPAn
were confirmed by 'H-NMR, FI-IR and mass spectroscopy. M*
values of the materials were 570.23 m/e and 582.23 m/e, which
correspond with their exact mass. Theoretical calculations using
the PM3 parameterizations in the HyperChem 5.0 program were
carried out to characterize the three dimensional structures and
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(HOMO) and lowest unoccupied molecular orbital (LUMO) states
of each material as shown Fig. 1. Both MNAn and BIPAn are based
on anthracene, and have a naphthyl group on the 9,10-position of
anthracene, which leads to structural twisting of about 75° ~89°.
For MNAnN, the introduced ortho-methylated naphthyl at the 2-
position of anthracene unit was twisted by about 73.14° due to
steric hindrance between the ortho-methyl group of naphthyl
and hydrogen of anthracene. BIPAn with an ortho-phenylated
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Fig. 2. TGA of (a) MNAn and (b) BIPAn, and DSC of (c) MNAn and (d) BIPAn.
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Fig. 3. UV—visible and PL spectrum of (a) MNAn and (b) BIPAn.

Table 1
Electrochemical properties of MNAn and BIPAn.
Oxidation HOMO UV Amax Eg LUMO
Eonset (V) (eV) (nm) (eV) (eV)
MNAnR 1.14 —5.58 416 2.98 —-2.60
BIPAn 1.15 —-5.59 426 291 —2.68

*HOMO-LUMO gap (Eg) measured according to the onset of UV absorption
(Eg =1240/Aonset €V).

HOMO (eV) measured according to the onset of oxidation (HOMO = 4.44 + Eopget:
Ferrocene correction = 4.84 — Eqnse (0xidation of ferrocene) =4.84 — 0.4 = 4.44).

phenyl was also twisted by about 54.73° (ortho-phenyl anthra-
cene) and 88.29° (biphenyl unit), due to steric hindrance between
ortho phenyl and hydrogen of anthracene. The results show that
both MNAn and BIPAn have highly twisted non-coplanar struc-
tures. These structures lead to improved color purity and high
efficiency due to suppressed excimer interaction from intermo-
lecular interaction as well as enhanced morphological stability of
the thin film of the OLED device due to disruption of the inter-
molecular interaction and suppression of the problematic
crystallization.

The thermal properties of MNAn and BIPAn were investigated by
differential scanning calorimetry (DSC) and thermogravimetric
analyses (TGA) (Fig. 2). The decomposition temperatures (Tq4: cor-
responding to 5% weight loss) of MNAn and BIPAn were 382 °C and
386 °C, respectively. BIPAn which contains an ortho-phenylated
phenyl group had the glass transition temperature (Tg) of 132 °C. In
the case of MNAn, T; could not be observed while the melting
transition temperature (Ty,) was observed at 292 °C. As a resul,
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MNAn and BIPAn have good thermal stability despite being rela-
tively low molecular weight organic compounds.

The photophysical properties for MNAn and BIPAn were inves-
tigated by UV and PL spectroscopy. Fig. 3 shows the UV-visible
absorption and photoluminescence (PL) spectra of MNAn and
BIPAn in dilute solution (CHCl3) and in the film. The UV-visible
absorption of MNAn and BIPAn show characteristic vibrational
patterns of an isolated anthracene group (Amax =362, 381 and
402 nm for MNAR, Amax = 364, 385 and 406 nm for BIPAn). The Amax
of the PL spectrum of MNAn in solution was 431 nm while that of
film was 454 nm, constituting a 20 nm red-shift from the solution.
The full width at half maximum (FWHM) was 57 nm in solution and
71 nm in the film. For BIPAn, the Amax of the PL spectrum in solution
and in the film was 435 nm and 445 nm, respectively. The FWHM of
BIPAn was 56 nm in solution and 60 nm in the film, which was
slightly narrower than that of MNAn. It may be suggested that
BIPAn with ortho-phenylated phenyl has higher steric hindrance
than MNAn with ortho-methylated phenyl. Because of the twisted
structures of MNAn and BIPAn (Fig. 1), a shoulder peak for the
excimer does not appear. The twisted structure prevented inter-
molecular interaction, and consequently luminescence for the
excimer could not be observed.

The electrochemical behavior of MNAn and BIPAn were inves-
tigated by cyclic voltammetry (CV). The HOMO, LUMO and bandgap
are summarized in Table 1. The oxidation peak potentials are high,
Eox=1.14 for MNAn and E.x=1.15 for BIPAn (Fig. 4). From the
electrochemical data, the HOMO and LUMO were calculated to
be —5.58 eV and —2.98 eV for MNAn and —5.59 eV and —2.73 eV for
BIPAR, respectively. The energy bandgaps of MNAn and BIPAn are as

(o

Current (Normalized)

10 08 06 04 02 00
Potential (V)

14 12

Fig. 4. Cyclic voltammograms of (a) MNAn and (b) BIPAn.
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Fig. 5. EL characteristics of (a) MNAn (b) BIPAn as dopant. Device structures: ITO/DNTPD(700 A)/NPD(300 A)/ADN:Dopant(3%)/Alqs(400 A)/Lif((5 A)/Al

wide as 2.98 eV and 2.91 eV, respectively. MNAn and BIPAn are
expected to show high efficiency as blue light emitting materials if
used as blue dopant materials with the common host ADN (9,10-
dinaphthylanthracene), which has a HOMO level of —5.88 eV and
a LUMO level of —2.6 eV.

To study the electroluminescence properties of MNAn and
BIPAn, multilayer devices with the configuration of ITO/
N,N'-diphenyl-N,N’-bis-[4-(phenyl-m-tolylamino)phenyl|biphenyl-
4,4'-diamine (DNTPD, 70 nm)/N,N’-diphenyl-N,N’-di(1-naphthyl)-
1,1’-biphenyl-4,4’-diamine («-NPD, 30 nm)/(ADN host/MNAn or
BIPAn 3%, 20 nm)/Alqs (40 nm)/LiF/Al were fabricated, and ITO and
Al were used as an anode and cathode respectively. The stack of the
organic layers consists of DNTPD as the hole injection layer, a-NPD
as the hole-transport layer, ADN doped with MNAn or BIPAn (3%) as
the emitter, Alqs as the electron-transport layer, and LiF as the

electron-injection layer. In this study, ADN was used as a host for
blue-emitting electroluminescence devices. The threshold voltage
for luminescence is about 4 ~ 4.5 V. Fig. 5a and b shows the current
density-efficiency curve of the device incorporating MNAn and
BIPAN, respectively. The device using MNAn showed a maximum
current efficiency of 3.55 cd/A, maximum luminance efficiency of
2.11 Im/W, and maximum external quantum efficiency of 3.38%.
The device using BIPAn also showed a maximum current efficiency
of 3.61 cd/A, maximum luminance efficiency of 2.15Im/W, and
maximum quantum efficiency of 3.70%. The CIE color chromaticity
of the device using MNAn was (x=0.15, y =0.13). The CIE color
chromaticity of the device using BIPAn was (x = 0.15, y = 0.12). The
ortho-twisted MNAn and BIPAn showed similar high efficiency as
well as similar good color purity. Hypothetical band diagrams of the
EL devices are depicted in Fig. 6. The HOMO of MNAn and BIPAn are
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Fig. 6. Energy diagrams of (a) MNAn and (b) BIPAn. (b), (c) and (d) are different structures from (a) about MNAn. Device structures of (a) and (b) are ITO/DNTPD, 70 nm/NPD, 30 nm/

(ADN/MNAR or BIPAn 3%, 20 nm)/Alqs, 40 nm/LiF/Al

Table 2
EL characteristics of MNAn and BIPAn.
Dopant  Host  Amax Current Power External CIE (x,¥)
(nm) efficiency efficiency quantum
10 mA/cm? 10 mA/cm?  efficiency
(cd/A) (Im/W) (%)
MNAn ADN 456 3.55 2.11 3.38 0.15,0.13
BIPAn ADN 456 3.61 2.15 3.70 0.15, 0.12

5.58 eV and 5.59 eV, respectively, the HOMO of ADN and NPD are
5.88 eV and 5.4 eV. The hole injection barrier is 0.48 eV from the
NPD to the ADN host. In contrast, the barrier for electron transport
at the LUMO of ADN/AIlqs interface is 0.03 eV. Therefore, it is sug-
gested that the electron injection barrier is lower than that of hole
injection barrier. Thus, the recombination zone of devices is around
the interface NPD and EML. The similar device performance and
color purity for MNAn and BIPAN can be explained by their similar
energy diagram (Table 2). Device optimization using a wider band
gap than ADN host will be expected to increase the performance of
devices incorporating MNAn and BIPAN, because a wide band gap
host may lead to efficient Foster-type energy transfer from host to
the MNAn or BIPAn dopant.

4. Conclusion

New blue emitting materials composed of 9,10-di(2-naphthyl)
anthracene and highly twisted ortho-methylated naphthyl or
ortho-phenylated phenyl on the 2-position of anthracene have
been obtained. The theoretical calculation supports that the
synthesized materials have non-coplanar structures, which result
in high quality thin films, with high thermal stability, color purity
and efficiency due to inhibited intermolecular interaction. Multi-
layer organic EL devices constructed with a configuration of ITO/
DNTPD/NPD/(ADN host/MNAn or BIPAn 3%)/Alqs/LiF showed
a maximum current efficiency of 3.55 cd/A (maximum luminance
efficiency of 2.11 Im/W and maximum external quantum efficiency
of 3.38%) with CIE color chromaticity of (x=0.15, y=0.13) for
MNAN and maximum current efficiency 3.61 cd/A (with the
maximum luminance efficiency of 2.151m/W and maximum
quantum efficiency of 3.70%) with CIE color chromaticity of
(x=0.15, y = 0.12) for BIPAn.
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