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Abstract—A new active electronic material, 2-(naphtho[3,4]imidazol-2-yl)quinoline (NIQ), 1, has been synthesized and fully char-
acterized. This compound exhibits field-effect carrier mobility and behaves as a p-type semiconductor (upgr = 0.148 cm?/V s
at Vps = 10 V). NIQ and its related imidazolylquinoline compounds may have possible applications as active materials in organic

thin film transistors.
© 2005 Elsevier Ltd. All rights reserved.

Organic electronic devices (OED’s) have made extreme
progress over the last few years and investigations into
synthesizing new active organic materials for applica-
tions in organic thin film transistors (TETs) have
attracted great attention recently.! In this letter, preli-
minary results of synthesis, structure, and field-effect
properties for a new imidazolylquinoline compound
are reported.

=4

N AN
= N
)

The white compound 2-(naphtho[3,4]imidazol-2-yl)-
quinoline (NIQ), 1, was isolated in ca. 80% yield from
the reaction of quinoline-2-carboxylic acid with 2,3-di-
aminonaphthalene and polyphosphoric acid (PPA).2
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Its structure has been determined by '"H NMR, elemen-
tal analysis, and X-ray crystallography.? Figure 1 shows
the ORTEP diagram of 1. The dihedral angle between
imidazol ring and quinoline ring is 5°, indicating that
this molecule approximates to a planar structure, which
is stabilized by an intramolecular N(2)-H---N(3) (H-
N =2.622 A) hydrogen bond, and the delocalization of
n-electrons of the heterocyclic system. Figure 2 shows
a packing diagram for 1. The interplanar distances be-
tween imidazo] ring and quinoline moiety are in the
range 3.4-3.5 A, which imply that the intermolecular
charge transfer interaction (ICT)* may play an impor-
tant role in producing face-to-face n—n stacking interac-
tions. The fact that the UV-vis spectrum of NIQ thin
film obtained by vacuum deposition onto quartz sub-
strates is different from that measured in solution shows
the existence of ICT in solid state.®> As shown in Figure

Figure 1. ORTEP plot for compound 1.
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Figure 2. A view of the packing diagram of 1.

2, the molecules are self-organized by extensive inter-
molecular N(2)-H---N(3) (H-N =2.307 A) hydrogen
bonds between the naphtho[3,4]imidazol N-H groups
and quinoline nitrogen atoms, leading to the formation
of an infinite three-dimensional supramolecular archi-
tecture, which provides a carrier channel that can be
varied by the electric field.® The TGA scans under nitro-
gen for NIQ powder show that NIQ exhibits an onset
for degradation at 350 °C, and no weight loss was ob-
served at lower temperature. The weight loss of 5% oc-
curs at 403 °C, indicating that NIQ is quite stable
under nitrogen.

The NIQ-based TFT device was fabricated using heavily
doped silicon wafer as the substrate and gate electrode,
with thermally grown silicon oxide (thickness 600 nm) as
the TFT gate dielectric. Gold source and drain contacts
(thickness 100 nm) were deposited onto the SiO, surface
by thermal evaporation through a shadow mask, which
defined a channel length (L) and width (W) of 40 pm
and 2 cm, respectively. Finally, a 200 nm title compound
purified by vacuum gradient sublimation’ was deposited
over the source and drain contacts through a mask by
thermal evaporation under 5x 107> Pa. Transistor IV
characteristics have been measured by Keithley 2400
source meter at room temperature. Figure 3 shows the
current-voltage curves, Ip=f(Vp), of a NIQ-based
TFT for various gate voltage (V). The negative gate
voltages indicate that the device operates in the accumu-
lation regime and the majority carriers of this device are
positive holes, showing that NIQ is a p-type semicon-
ductor.® Furthermore, the fact that the highest occupied
molecular orbital (HOMO) energy level of NIQ,
5.18 eV, measured form the cyclic voltammetry (CV)°
is close to the valence band of gold (5.1 eV) also implies
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Figure 3. FET characteristics of NIQ TFT in the accumulation regime.
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Figure 4. Plot of drain current versus gate voltage at a constant drain
voltage of 10 V from the NIQ TFT.

that NIQ is a p-type material. The mobility, u, can be
calculated using the linear regime from the transconduc-
tance, g, = (WCy/L)uVp, obtained by plotting Ip versus
gate voltage at a constant drain voltage and equating the
value of the slope!® where C; is the capacitance per
unit area of the insulating layer (600 nm thermally
grown SiO, with C;=5.75x10"° F cm 2). Figure 4
shows such a plot and the calculated average mobility
value is 0.148 cm?/V s for Vpg =10 V.

In summary, a new organic active compound of imidazol-
ylquinoline, NIQ, has been synthesized and structurally
characterized. This new material is a p-type semiconduc-
tor and exhibits a mobility of 0.148 cm’/Vs at
Vbs = 10 V. Because of the performance of high thermal
stability and excellent electrical characteristics, NIQ and
its related imidazolylquinoline compound may have
possible application in the organic thin film transistors.
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