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Greenish-yellow electroluminescent devices using a novel
dihydroquinazolinone derivative as emitting layer
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We report organic electroluminescence (EL) devices based on a novel emissive molecule, 2-[4"-(N,N-
dimethylaminophenyl)]-2,3-dihydroquinazolin-4(1 H)-one (MAPQ). A three-layer structure consisting of MAPQ
as emissive layer sandwiched between a hole transporting layer, N, N'-diphenyl-N, N'-bis(3-methylphenyl)-1,1-
biphenyl-4,4’-diamine (TPD), and an electron transporting layer, tris(8-hydroxyquinolinato)aluminium (Alqs),
ITO/TPD/MAPQ/Alq3/Al gave rise to a greenish-yellow peak located at around 538 nm, with coordinates
(x=0.447 and y=0.510) in accordance with the Commission Internationale de L’Eclairage. An EL external
quantum efficiency (7ex) of 0.07% at 125 A m? and a brightness of 992 cd m ™2 were observed, and the Next 18
nearly constant or stable over a wide range of current densities (3-300 A m2).

Introduction

Since the pioneering work of Tang and VanSlyke on organic
electroluminescence (EL), organic light-emitting devices (LEDs)
have attracted intensive attention and been developed as a
significant application of molecular materials in full-color flat
panel displays.'” In these devices, organic materials play an
important role and govern their performance. In comparison to
their inorganic counterparts, organic materials offer a lot of
advantages, such as a good possibility of large area displays,
lower DC drive voltage, less power consumption, excellent
tunability of emissive color by chemical structure modifica-
tions,®!? as well as much lower cost. Although many kinds of
materials have been studied, to the best of our knowledge, the
EL properties of quinazolinone have not been reported.
Dihydroquinazolinones have utility in agriculture as herbicides
and plant hormones. For example, 2,3-dihydro-2-(4-tolyl)-
quinazolin-4(1 H)-one and its analogs permit control of
Cyperus rotundus, Brassica kaber, Amaranthus retroflexus and
other weeds.'"* These compounds are also active inhibitors of
Earle cells” growth in suspension.!® In mammals, dihydroqui-
nazolinones have shown diuretic'® and anti-cancer activity.!”
In this article, EL properties using a new synthesized quin-
azolinone derivative, 2-[4'-(N,N-dimethylamino)phenyl]-2,3-
dihydroquinazolin-4(1 H)-one (MAPQ) as an emissive material
both in single- and three-layer devices are demonstrated.

Experimental

The chemical structure of MAPQ and the device configurations
are shown in Fig. 1. The synthesis and characterization of
MAPQ will be reported elsewhere. The substrate was an
indium-tin-oxide (ITO)-coated glass, which was cleaned by
ultrasonication in water, alcohol, chloroform and acetone
successively for 10 min and then was dried. Three-layer
LEDs were fabricated using Al as the cathode, ITO as
anode, tris(8-hydroxyquinolinato)aluminium (Alqs) as the
electron-transporting layer and N,N'-diphenyl-N, N'-bis(3-
methylphenyl)-1,1’-biphenyl-4,4'-diamine (TPD) as the hole-
transporting layer. Algs;, TPD, MAPQ and Al electrode were
deposited at a pressure below 10> Torr. The active area of
devices was about 7 mm? Cyclic voltammetry (CV) was
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performed on a 283 potentiostat/galvanostat system with a
three-electrode cell under a nitrogen atmosphere at room
temperature with 0.1 M tetrabutylammonium perchlorate
(TBAP) and 0.1 M MAPQ in dimethylformamide (DMF) as
the electrolyte. Pt plate, Pt gauze and Ag/Ag™ were used as the
working electrode, counter electrode, and reference electrode,
respectively. UV—Vis absorption and photoluminescence (PL)
spectra were studied for thin films using quartz substrates.
EL spectra were recorded on a Hitachi F-4500 fluorescence
spectrophotometer with the LED forward biased. The absorp-
tion spectra were recorded with a General TU-1201 spectro-
photometer. The power of EL emission was measured using a
Newport 2835-C multifunction optical meter. Photometric
units (cd m~?) were calculated using the forward output power
and the EL spectra of the devices, assuming Lambertian
distribution of the EL emission. The Commission Internatio-
nale de L’Eclairage coordinates were measured using a PR-650
SpectraScan SpectraColorimeter@. Current-voltage charac-
teristics were measured with a Hewlett Packard 4140B
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Fig. 1 The chemical structure of MAPQ and the structures of the
devices.
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Fig. 2 UV-Vis absorption (ABS) spectra and photoluminescence (PL)
spectra of MAPQ (film).

semiconductor parameter analyzer. All measurements were
performed under ambient atmosphere at room temperature.

Results and discussion

CV measurement was employed to investigate the energy levels
of the material. A wave (Eonse;=0.88V vs. Ag/Agh) was
observed under an anodic sweep. However, no wave was
observed up to —2.60 eV under a cathodic sweep. This is not
surprising since many organic materials are more favorable to
oxidation rather than to reduction if they are rich in =«
electrons.'® The energy value of the highest occupied molecular
orbital (HOMO) was calculated to be —5.56 eV by using a
ferrocene (FOC) value of —4.80 eV below the vacuum level
(Eroc=0.12V vs. AgiAg*).1%%

The energy value of the lowest unoccupied molecular orbital
(LUMO) can be estimated from the optical absorption
measurement. The UV-Vis absorption and PL spectra of an
MAPQ thin film are shown in Fig.2. The PL spectrum
was measured at an excitation wavelength of 395 nm. The
absorption consists of a strong n—7n* transition with a peak at
395 nm and has a relatively narrow linewidth (full width at half
maximum= 80 nm). From the extrapolation of the UV-Vis
spectrum, the n—n* band-gap energy of MAPQ was determined
to be 2.70 eV (Lonset =460 nm). Hence, the energy value for
LUMO of MAPQ should be —2.86 ¢V. The PL spectrum has a
maximum at 525 nm.

A single-layer device was fabricated with MAPQ as the
emissive layer as shown in Fig. 1(a). When the LED was
forward biased with the ITO electrode at positive polarity,
yellow—green light emission was observed. The Commission
Internationale de L’Eclairage coordinates are x=0.389 and
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Fig. 3 The electroluminescence spectra of ITO/MAPQ/ALl (a) and ITO/
TPD/MAPQ/Alqs/Al (b).
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Fig. 4 Electroluminescence intensity and current as function of the
voltage for ITO/MAPQ/ALI (a) and ITO/TPD/MAPQ/AL (b).

y=0.530. The emission spectrum is shown in Fig. 3(a) at a
drive voltage of 17 V. The maximum is found to be at 538 nm,
which is comparable to that of the PL of MAPQ film, and the
spectrum does not change with increasing voltage. It indicates
a similar recombination mechanism of charge carriers for
the PL and EL of MAPQ, and the emission originates from
the radiative recombination of singlet excitons within the
MAPQ. Fig.4(a) shows current-voltage and luminance—
voltage characteristics for the device. The I-V curve indicates
a diode-like behavior. No light emission has been observed
when the reverse bias was applied to the diode structure, i.e., Al
was positively biased with respect to ITO. Under the forward
bias conditions, i.e., ITO is positively biased with respect to Al,
the light emission occurred when the applied voltage was
greater than 8 V. The luminance reaches 168 cd m ™2 at a drive
voltage of 24 V and for a current of about 0.01 A.

As sketched in Fig. 5, the energy barrier for electron injec-
tion of the single-layer device is about 1.3 eV, while at the
anode, the energy barrier for hole injection is about
0.9 eV. Therefore, the energy barrier limits performance of
the single-layer device. It is well known that balance and
efficiency of charge injection/transport for electrons and holes
are crucial for achieving high device efficiency.?! So, we
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Fig. 5 HOMO/LUMO levels of the TPD, MAPQ and Alqjs in relation
to the work function of the LED.
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Fig. 6 Efficiency—current density characteristics of ITO/MAPQ/Al and
ITO/TPD/MAPQ/Alq;/Al

prepared a three-layer device with the structure ITO/TPD/
MAPQ/Alqs/Al. The addition of Alqs is to reduce the energy
barrier for electron injection and improve its transportation. At
the same time we also added TPD in order to increase the hole
number in the organic layer to improve exciton production.
The energy barriers for electron injection and hole injection
reduce to 1.1 and 0.5 eV respectively. The EL spectrum is
shown in Fig. 3(b). The EL maximum is similar to that of the
single-layer device and located at 538 nm, which indicates the
emission originates from the radiative recombination of singlet
excitons within the MAPQ, but the EL spectrum at short
wavelength is weakened, which makes the spectrum narrow
and the light change color from yellow-green to greenish-
yellow. The Commission Internationale de L’Eclairage co-
ordinates are x=0.447 and y=0.510. The current-voltage and
luminance—voltage characteristics for the device are illustrated
in Fig. 4(b). The device also shows a diode-like behavior. The
turn-on voltage (the bias required to give an observed light
emission) increases to 11V, and its luminance reaches
992 cdm 2 at a drive voltage of 30 V and for a current of
0.01 A. Besides the enhancement of the luminance of the
device, the addition of electron-transporting and hole-trans-
porting layers also narrowed the light emission. This result
indicates that multilayer devices can be used as a method to
narrow the emissions of some materials, whose EL spectrum of
single-layer devices is relatively wide.

To compare the performance of these two devices, we
calculate the external quantum efficiencies (#.x;) by means of
eqn. (1):

_ny  W/hy
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where np is the number of the emitted photons per second, 7. is
the number of injected electrons per second, W is the luminous
power, hv is the photon energy, I is the current, and eq is the
electric quantity of each electron. Fig. 6 shows the external
quantum efficiencies as a function of current density. From
Fig. 6, it is easily noted that at low current density, the increase
of external efficiencies in the single-layer device is quite similar
to that in the three-layer device. At the initial stage, the
efficiency increases very quickly and then slows down with an
increase in current density. The maximum #,, increased from
about 0.007% in the single-layer device to 0.07% in the three-
layer device. It is also worth noting that both of the devices
exhibit stability of 7. over a wide range of current densities.
From the above discussion, we can deduce that there may be a
similar recombination mechanism of charge carriers both for
the single-layer device and three-layer devices, and the emission

originates from the radiative recombination of singlet excitons
within the MAPQ. The reason for higher efficiencies in the
three-layer device is probably efficient carrier recombination in
the MAPQ layer because of the relatively balanced and efficient
charge injection/transport.

Conclusions

In summary, greenish-yellow PL and EL emission have been
demonstrated from a dihydroquinazolinone derivative. By
using Alqs as the electron injection/transporting layer and TPD
as the hole injection/transporting layer, a luminance of
992 cd m~? was reached with the maximum #ey of 0.07%.
Comparing the performance of single-layer with three-layer
devices, we found that the addition of electron-transporting
and hole-transporting layers not only improves the luminance
of the device, but also narrows the light emission. This implies
that a multilayer device can be used as a method to narrow the
emission of some materials, while the EL spectra of single-layer
devices is relatively wide. These results also demonstrate that
MAPQ is a promising candidate for a greenish-yellow emitting
organic LED.
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