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A new pyridylamine for blue light electroluminescent devices
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Abstract—The new pyridylamine, N,N �-bis(1-naphthyl)-N,N �-diphenyl-2,6-diaminopyridine (NPP), in which the nitrogen atoms
form a linear array, was synthesized by the reaction of 2,6-dibromopyridine with N-phenyl-1-naphthylamine. This compound
emits an intense blue color (�=443 nm, �f=0.74) upon irradiation by UV light and is suitable for use as an emitting layer in an
electroluminescent device. © 2001 Elsevier Science Ltd. All rights reserved.

Investigations on synthesizing new blue luminous mate-
rials for applications in electroluminescent (EL) dis-
plays have attracted great attention from researchers
during recent years.1 The colors and high luminescence
as well as low driving voltage of organic EL devices are
particularly suited for applications in flat panel dis-
plays.2 Although blue EL emitters are important in
developing full-color EL display panels, they are rare
and inefficient thus far. Numerous aromatic amines
have been developed as hole transport layers (HTL) in
organic EL devices. Those that are widely used in
current organic EL research include N,N �-diphenyl-
N,N � - bis(3 - methylphenyl)(1,1� - biphenyl) - 4,4� - diamine
(TPD), N,N,N �,N � - tetrakis(4 - methylphenyl)(1,1� - bi-
phenyl)-4,4�-diamine (TTB), and N,N �-bis(1-naphthyl)-
N,N �-diphenyl-1,1�-biphenyl-4,4�-diamine (NPB).1e Dur-
ing our investigation of pyridylamine chemistry, we
found that the compound, N,N �-bis(1-naphthyl)-N,N �-
diphenyl-2,6-diaminopyridine, NPP, in which the nitro-
gen atoms form a linear array, has potential application
in electroluminescent devices. In this paper, we report
the preliminary results of the synthesis and structure
and light-emitting properties of NPP.

The white compound (N,N �-bis(1-naphthyl)-N,N �-
diphenyl-2,6-diaminopyridine), NPP, 1, was isolated in
ca. 55% yield from the reaction of 2,6-dibromopyridine
with N-phenyl-1-naphthylamine and potassium carbon-
ate.3 The formula of this compound was determined by
1H NMR, elemental analysis and X-ray crystallogra-
phy.4 Crystals of NPP conform to the space group P1�

with two independent molecules in each asymmetric
unit which are enantiomers of each other. Fig. 1 shows
a representative ORTEP diagram for one of the two
independent molecules. The molecule adopts a confor-
mation with C1 symmetry, and the phenyl and naphthyl
groups of the two N-phenyl-1-naphthylamine wings are
oriented trans to one another. The two naphthyl rings
are roughly perpendicular to the central pyridine ring.
The average N�C distance outside the pyridine ring,
1.423 A� , is longer than that inside the pyridine ring
which is 1.339 A� , but shorter than the average N�C
single bond distance which is 1.530 A� . We thus note
that the N�C bond outside the pyridine ring possesses
partial double-bond character.5 This is verified by the
fact that the average C�N�C angle outside the pyridine
ring is 120°. To the best of our knowledge, NPP is the
first example of a chiral compound of the type
Ar2Z(Ar)ZAr2 in which Z is not a chiral center. A view
of the packing diagram of NPP shows that there are no
�–� interactions and no intermolecular hydrogen bond-
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Figure 1. An ORTEP diagram of NPP.

during the deposition and the active area of the LED
was 3×3 mm2. When the triple-layer LED was forward
biased with the ITO electrode at positive polarity, blue
EL was observed. Fig. 3 shows the EL spectrum, which
exhibits a blue emission with three fine peak wave-
lengths at 412, 420 and 436 nm, respectively. The
splitting of the band might arise from the effect of
intramolecular charge transfer (ICT).12 Fig. 4 shows the
brightness–voltage and current–voltage curves of the
triple-layer LED, which shows brightness of 1 cd m−2 at
a driving voltage of 7.2 V with a current density of 1.8
mA cm−2. Its EL efficiency was estimated to be 0.22
lm/W with a yield of 0.9 cd/A.

Figure 2. The cell structure of the triple-layer LED.

ing between the molecules. Therefore, the UV–vis spec-
tra of NPP in the solid-state is almost identical to the
one measured in solution.6 This compound is remark-
ably stable towards air in the solid state as well as in
solution. This compound is also thermally stable. It
melts at 220°C without decomposition and can be
sublimed at ca. 150°C and 0.01 mmHg. Absorption and
photoluminescence (PL) spectra were studied for solu-
tions and for thin films obtained by vacuum deposition
of NPP onto quartz substrates. The most striking fea-
ture is that NPP emits an intense blue color upon
irradiation by UV light. The emission maximum in the
solid is at �=443 nm, and the full width at half
maximum is 71 nm. The dichloromethane solution of
NPP emits at 440 nm and the PL quantum yield �f was
estimated to be 0.74, relative to that of rhodamin.7 It is
noted that the starting compounds, dibromopyridine
and N-phenyl-1-naphthylamine do not have any
observable luminescence both in solution and solid
states. Condensation of these two compounds produced
NPP, which not only shows a drastic shift of the
emission band but also an increase in the emission
intensity. This is most probably due to the fact that
both � systems of the dibromopyridine and the N-
phenyl-1-naphthylamine have been extended,8 and the
product NPP shows neither �–� interactions nor inter-
molecular hydrogen bondings between molecules.

A triple-layer organic light-emitting diode (OLED) was
fabricated using NPP as the emitting layer, indium tin
oxide (ITO) as the anode material and an evaporated
Mg alloy with a small amount of silver (ca. 10:1) as the
cathode.9 Moreover, the electron transport material
(1,3,4-triazole, TAZ)10 and the hole transport material
(N,N �-bis(1-naphthyl)-N,N �-diphenyl-1,1�-biphenyl-4,4�-
diamine, NPB)11 were deposited. The cell structure
[MgAg/TAZ/NPP/NPB/ITO] is schematically shown in
Fig. 2. The emitting layer was fabricated by vacuum
deposition of NPP (200°C, 10−7 torr) onto the interface
between the hole transport layer (HTL) and the elec-
tron transport layer (ETL) to form a thin homogeneous
film. The film thickness was controlled to be 300 A� . The
Mg/Ag cathode (thickness about 1500 A� ) was vacuum
deposited onto the top of the electron transport layer
(ETL). The substrate was kept at room temperature

Figure 3. The EL spectrum of the triple-layer LED.

Figure 4. The brightness–voltage and current–voltage charac-
teristics of the triple-layer LED: (solid line) brightness voltage
curves, (dotted line) current voltage curves.
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In summary, a new blue electroluminescent compound
of pyridylamine, NPP, has been synthesized and struc-
turally characterized. This new material exhibits an
intense fluorescence at 443 nm in the solid-state and
also forms dense and pinhole-free films. Preliminary
studies indicated that the present triple-layer device is
air-stable. Because of its high thermal stability and high
photoluminescence quantum yield, NPP and its related
pyridylamine compound may have possible applications
in electroluminescent devices.
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