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Most of the amorphous molecular materials hitherto reported
have electron-donating properties, functioning as hole-transporting
materials in organic LEDs.1-17 By contrast, there have been few
reports on electron-accepting amorphous molecular materials that
function as electron-transporting materials in organic LEDs.
Oxadiazole derivatives,16,18,193-(biphenyl-4-yl)-4-phenyl-5-(4-tert-
butylphenyl)-1,2,4-triazole,20 and 1,1-dimethyl-2,5-di(2-pyridyl)-
silole21 have been reported to function as electron-transporting
materials in organic LEDs although their glass-forming properties
and morphological changes have not been reported in detail. For
the fabrication of high-performance organic LEDs, hole- and
electron-transporting materials as well as emitting materials are
required. Developing electron-transporting amorphous molecular
materials is a subject of current interest and significance.

We report here a novel family of thermally stable, electron-
transporting amorphous molecular materials containing the
bithiophene or terthiophene and dimesitylboryl moieties, 5,5′-
bis(dimesitylboryl)-2,2′-bithiophene (BMB-2T) and 5,5′′-bis-

(dimesitylboryl)-2,2′:5′,2′′-terthiophene (BMB-3T). We have
designed molecules containing an oligothiophene moiety including

bithiophene and terthiophene, considering the following aspects.
The presence of aπ-electron system is essential for charge-carrier
transport. Oligothiophenes may function as either hole-transport-
ing or electron-transporting materials, depending on the nature
of the substituents. The incorporation of the dimesitylboryl
moiety is intended to provide electron-accepting properties (half-
wave reduction potential of trimesitylboron:-1.94 V vs SCE)22

and to prevent ready crystallization of oligothiophenes by its
nonplanar molecular structure. These compounds are found to
readily form stable amorphous glasses with high glass-transition
temperatures (Tgs) of 107 and 115°C, respectively, and to
function as excellent electron-transporting materials in organic
LEDs. These novel electron-transporting amorphous molecular
materials are totally different in molecular architecture from the
hitherto reported electron-transporting materials based on het-
eroaromatic rings such as oxadiazole and triazole.

The new compounds, BMB-2T and BMB-3T, were synthesized
by the reaction of dimesitylboron fluoride with lithiated oligo-
thiophenes in tetrahydrofuran under a nitrogen atmosphere in 40
and 30% yields, respectively, according to similar reactions using
dimesitylboron fluoride.23 They were purified by silica gel
column chromatography, followed by recrystallization from
benzene/n-hexane (volume ratio: 1:1) to give light yellow crystals
and orange plate crystals for BMB-2T and BMB-3T. They were
identified by various spectroscopies, mass spectrometry, and
elemental analysis.24

Both BMB-2T and BMB-3T undergo reversible cathodic
reductions. Figure 1 shows the cyclic voltammograms for the
cathodic reductions of BMB-2T and BMB-3T. Both compounds
exhibited two sequential cathodic and the corresponding anodic
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Figure 1. Cyclic voltammograms of BMB-2T (solid line) and BMB-3T
(dashed line) (1.0× 10-3 mol dm-3) in tetrahydrofuran containing tetra-
n-butylammonium perchlorate (0.1 mol dm-3). Cyclic voltammetry was
carried out using a platinum disk (1.6 mm in diameter) and a platinum
wire as the working and counter electrodes, respectively, and Ag/AgNO3

(0.01 mol dm-3 in acetonitrile) as the reference electrode. Scan rate: 500
mV s-1.
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waves, generating the radical anion and dianion species. The first
half-wave reduction potentials (E1/2

red) of BMB-2T and BMB-
3T were almost the same irrespective of the difference in the
conjugation length of the oligothiophene moiety, being-1.76 V
vs Ag/Ag+ (0.01 mol dm-3). BMB-2T and BMB-3T have
stronger electron-accepting properties than the oxadiazole deriva-
tives (1,3,5-tris(4-tert-butylphenyl-1,3,4-oxadiazolyl)benzene:Ep/2

red

) -2.07 V vs Ag/Ag+ (0.01 mol dm-3)).
In contrast to the crystalline nature of oligothiophenes due to

their planar molecular structures,25 BMB-2T and BMB-3T were
found to readily form stable amorphous glasses when the melt
samples were cooled on standing in air. It is thought that glass
formation is due to the incorporation of the nonplanar dimesi-
tylboryl group. The formation of the glassy state was evidenced
by differential scanning calorimetry (DSC), X-ray diffraction, and
polarizing microscopy. Figure 2 shows the DSC curves of BMB-
2T and BMB-3T. When the crystalline sample of BMB-2T was
heated, an endothermic peak due to melting was observed at 261
°C. When the melt sample was cooled, it formed a transparent,
stable amorphous glass via a supercooled liquid state. When the
glass sample was again heated, glass transition took place at 107
°C. On further heating above the Tg, crystallization took place
at around 211°C to give the same crystal as obtained by

recrystallization from benzene/n-hexane, which melted at 261°C.
In the case of the BMB-3T glass, no crystallization behavior was
observed on further heating above the Tg (115°C) even at a very
slow heating rate of 1°C min-1. Both the BMB-2T and BMB-
3T glasses are stable in an ambient atmosphere containing oxygen
and moisture.

Both BMB-2T and BMB-3T, which form uniform amorphous
films by vacuum deposition, were found to function as excellent
electron-transporting materials in organic LEDs. Organic LEDs
using BMB-2T or BMB-3T as an electron-transporting material,
tris(8-quinolinolato)aluminum (Alq3)14 as an emitting material,
and 4,4′,4′′-tris(3-methylphenylphenylamino)triphenylamine (m-
MTDATA) 1,15,16andN,N′-di(1-naphthyl)-N,N′-diphenyl-[1,1′-bi-
phenyl]-4,4′-diamine (R-NPD)17 as hole-transporting materials
were fabricated by vacuum deposition and their performances
examined in comparison with the device in the absence of the
BMB-nT (n ) 2 and 3) layer.

The organic LEDs, ITO/m-MTDATA(300 Å)/R-NPD(200 Å)/
Alq3(300 Å)/BMB-nT (n ) 2 and 3)(200 Å)/MgAg, exhibited
rectification behavior and emitted bright green light when a
positive voltage was applied to the ITO electrode. The elec-
troluminescence spectra for the LEDs were in accord with the
photoluminescence (fluorescence) spectrum of Alq3. This result
indicates that the electroluminescence originates from the singlet
excited state of Alq3 generated by the recombination of holes
and electrons and that the BMB-nT (n ) 2 and 3) function as the
electron-transport layer. That is, the electron injection from the
MgAg electrode into Alq3 and the hole-injection from the ITO
electrode into Alq3 take place by the stepwise process via the
BMB-nT layer and via them-MTDATA and R-NPD layers,
respectively. No crystallization phenomena of the materials were
observed during use in LEDs.

As Table 1 shows, the LEDs using BMB-nT (n ) 2 and 3) as
the electron-transport layer exhibited definitely higher perfor-
mances, approximately 10 to 20% higher luminous and quantum
efficiencies, and 1.6 to 1.8 times higher maximum luminance than
the LED without the BMB-nT layer, ITO/m-MTDATA(300 Å)/
R-NPD(200 Å)/Alq3(500 Å)/MgAg. The results show that the
BMB-nT (n ) 2 and 3) function as excellent electron-transporting
materials in organic LEDs.

In summary, a novel family of electron-transporting amorphous
molecular materials with high Tgs, BMB-2T and BMB-3T, have
been created. They function as excellent electron-transporting
materials in organic LEDs. The present study presents a new
guideline for the molecular design of electron-transporting
amorphous molecular materials, paving the way for the develop-
ment of further new electron-transporting amorphous molecular
materials.
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Table 1. Performances of the Organic LEDs, ITO/m-MTDATA(300 Å)/R-NPD(200 Å)/Alq3(500 Å)/MgAg and ITO/m-MTDATA(300
Å)/R-NPD(200 Å)/Alq3(300 Å)/BMB-nT (n ) 2 and 3)(200 Å)/MgAga

device
maximum luminance

(cd m-2)
luminous efficiencyd

(lm W-1)
quantum efficiencyd

(%)
current densityd

(mA cm-2)

m-MTDATA/ R-NPD/Alq3 13000b 1.4 0.9 13.7
m-MTDATA/ R-NPD/Alq3/BMB-2T 21400c 1.7 1.1 11.2
m-MTDATA/ R-NPD/Alq3/BMB-3T 23200c 1.5 1.1 12.6

a Current-voltage-luminance characteristics were measured with an electrometer (Advantest TR6143) and a luminance meter (Minolta LS-100).
b At 16V. c At 17V. d For obtaining a luminance of 300 cd m-2.

Figure 2. DSC curves of BMB-2T (solid line) and BMB-3T (dashed
line). (a) Crystalline sample obtained by recrystallization from benzene/
n-hexane, (b) glass sample obtained by cooling the melt. Heating rate: 5
°C min-1.
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