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a b s t r a c t

Tetrasubstituted-pyrenes containing peripheral diarylamines (1–4) or fluorenes (5–6) have
been synthesized. These compounds are highly fluorescent and possess high morphological
stability and thermal stability. Compounds containing peripheral arylamines (1–3) can be
used as the hole-transport and green-emitting materials for two-layered electrolumines-
cent devices. Compounds with peripheral fluorenes (5–6) are efficient blue emitters and
exhibit ambipolar carrier-transport characteristics with high electron mobilities
(10�3–10�2 cm2/V s) and high hole mobilities (>10�3 cm2/V s). Non-doped blue-emitting
devices with promising electroluminescent performance (i.e., high efficiency and narrow/
saturated emission) can be achieved using fluorene–substituted pyrenes as either the hole-
transport/emitting layer or the electron-transport/emitting layer in the two-layered devices.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

Two decades after Kodak’s [1] and Cambridge’s [2] sem-
inal work on organic electroluminescence (EL), organic
light-emitting diodes (OLEDs) have become widely used
in practical appliances such as car stereos, mobile phones,
and digital cameras. In OLEDs, balanced electron and hole
mobilities are extremely important in order to achieve
good EL performance. Through proper choice of carrier-
transport and emitting materials, and engineering of
device structures, better confinement of charge recombi-
nation can generally be achieved in a multilayer device.

Moreover, longevity of EL devices is also highly demanded
for commercial applications. Therefore, the durability, e.g.,
thermal and morphological stability of deposited organic
films, cannot be overlooked. Unlike polymeric materials
which can easily form films via the spin-coating technique,
films of small molecules normally are vacuum-deposited.
Consequently, the compounds must be able to tolerate
the deposition temperature, which frequently exceeds
250 �C. Amorphous compounds possessing high glass tran-
sition temperatures (Tg) are highly desired as crystalliza-
tion can be avoided and film morphology can be retained
at elevated temperatures during device operation [3–6].

Molecules possessing a non-planar structure and differ-
ent conformers have a great tendency to form amorphous
glasses [5]. Among these, star-shaped p-conjugated
molecules allowing incorporation of several bulky and
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rigid substituents are of particular interest. Previously we
developed several series of star-shaped compounds which
readily formed glasses once isolated. These high Tg materi-
als were successfully used to fabricate efficient electrolumi-
nescent (EL) devices [7,8]. In our continuation of developing
high Tg materials for EL applications, we selected 1,3,6,8-
tetrabromo-pyrene as the building block for new star-
shaped compounds based on the following reasons: (1)
according to our previous studies and other literature
reports, incorporation of the pyrenyl unit was beneficial in
raising the thermal stability of the compounds [9,10], (2)
tetraphenylpyrene was reported to be strongly emissive
[11] and (3) pyrenyl unit can be readily functionalized and
its emission color can be tuned [12,13]. Compounds con-
taining pyrenyl units have found useful applications in
liquid crystals [14,15] and field-effect transistors [16,17].
Besides, the pyrenyl unit and its excimer was found useful
in sensing [18–20]. However, formation of excimers
normally quenches the fluorescence and deteriorate the
performance of EL devices [21]. Star-shaped pyrenyl deriv-
atives obtained by replacing four bromine atoms of 1,3,6,
8-tetrabromopyrene with appropriate peripheral substitu-
ents are expected to encapsulate the pyrenyl moiety and
prevent the formation of excimers. Moreover, incorporation
of carrier-transporting peripheral substituents is possible.

There have been reports on using 1,3,6,8-substituted pyre-
nyl derivatives as the light emitting materials in OLEDs
[19]. Liu et al. developed pyrene derivatives containing four
peripheral oligofluorenes of varied chain lengths. Single-
layered OLED based on these materials exhibited a lumi-
nance efficiency of 1.28 cd A�1 with CIE coordinates at
(0.19, 0.32) and 1.75 cd A�1 with CIE coordinates at (0.20,
0.32) for bifluorene and tris(fluorene) derivatives, respec-
tively [22]. Sonar et al. developed pyrene-based compounds
capable of emitting various colors by incorporation of dif-
ferent moieties. Among these, only the deep blue-emitting
1,3,6,8-tetrakis-(4-butoxyphenyl)pyrene was subjected to
OLED fabrication, and high luminance efficiency of
2.56 cd A�1 with CIE coordinates at (0.15, 0.18) was
achieved [23]. Recently, Thomas et al. reported blue to yel-
low light-emitting materials based on tetrasubstituted-pyr-
ene core with acetylene unit as the linker to the peripheries,
and these compounds exhibited red-shifted emission com-
pared to the monosubstituted derivatives. However, these
materials need to be doped in a host for OLEDs, possibly
due to lack of amorphous morphology [24].

Herein, we report light-emitting 1,3,6,8-substituted
pyrene derivatives possessing high quantum efficiency
and carrier mobility. EL devices fabricated from these
star-shaped materials will be also presented.

Chart 1. Structure of compounds 1–6.
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