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Abstract: A thorough material characterization of 1,7-diaza-
perylene via multiple investigation techniques (cyclic voltam-
metry, photoluminescence, photoluminescence excitation,
impedance spectroscopy) was performed to understand its
applicability in organic electronic devices. The recorded data
of this perylene derivative was placed in conjunction with the
respective data of the parent perylene molecule, and the

behavior of this novel compound in organic electronic
devices (planar diodes and field effect transistors explained).
Although no photovoltaic effect behavior was recorded in
planar diodes where 1,7-diazaperylene was employed both as
a donor as well as an acceptor, the perylene derivatives
proves functional as dielectric layer in organic field effect
transistors.
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Introduction

Aromatic systems with electron-deficient moieties have
attracted interest from the scientific community since they act
as electron acceptors in organic photovoltaic applications.!!
Among them, 1,7-diazaperylene (benz[de]isoquino[1,8-
gh]quinoline), CAS RN 85903 s97-5)! has been so far the
focus of several investigations because of its high fluorescence
quantum yield (i.e. ~83%) and substantial chemical and
photochemical stability.”'* The electron withdrawing effect
of the two nitrogen atoms stabilizes chemically the heterocycle
compared with the parent hydrocarbon perylene. The planarity
of 1,7-diazaperylene in contrast to the twisted geometry of the
latter allows a more densely packing in solids as is shown by
comparing the x-ray crystal structures of the two.”! In fact,
heteroaromatic molecules that are planar are densely packed,
with density of about 1.4 g/cm’®, arranging themselves in a
modified herringbone structure.'"¥ These special properties
make this heterocyclic compound interesting for applications
in material chemistry where claims such as in LED
devices!'>'% were described. However, the inefficient synthesis
of 1,7-diazaperylene limited both its technical usefulness and
further research. The first described synthesis™ required a very
large excesses of Raney nickel, while a subsequent
description'”! required comparably complicated reaction con-
ditions not convenient for the preparation of larger quantities.
On the other hand, a recently reported efficient synthetic
method" suitable for upscaling was described where simple
bulk chemicals were applied. This prompted us for further
investigation and we looked into finding an applicability of
this compound in organic electronic devices, i. e. organic field
effect transistors and solar cells respectively. We have put the
performance of 1,7-diazaperylene in context of the well-
established cousin molecule perylene, and pursued the
fabrication of organic photovoltaic devices and field effect
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transistors with this perylene derivative as active layer. As will
be seen in the data presented here, we finally focused our
attention into OFETs fabrication where 1,7-diazaperylene
seems most suited. As a dielectric layer the impedance of
diazaperylene was measured and n- (fullerene) and p-type
(pentacene) transistors were fabricated. The results show the
successful use of diazaperylene in organic electronic devices.
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Experimental
Cyclic Voltammetry

Cyclic voltammetry (CV) was performed using an IPS-Jaissle
Potentiostat/Galvanostat PGU10V-100 mA inside a nitrogen
(N,) flushed glove box. As electrochemical cell, a one-
compartment cell with a 2mm platinum (Pt) disc-type
electrode (PalmSens) as working electrode, a platinum counter
electrode and an Ag/AgCl electrode as quasi-reference
electrode was used. The material investigated was weighed
into the vial outside the glove box, transferred into the glove
box where the according amount of electrolyte solution
consisting of 0.1 tetrabutylammonium hexafluorophosphate
(TBAPF,, >99.0%, Sigma Aldrich) in acetonitrile (MeCN,
>99.9%, Roth) was added to achieve a concentration of
0.5mM. The CV scans were performed at a scan rate of
200 mVs™'. In order to convert the applied potential versus the
standard hydrogen electrode (SHE), after the measurement, a
calibration with ferrocene (98%, Sigma Aldrich) was per-
formed and the re-calculation done according to the
literature™® value of the ferrocene potential E,,_+0.640 V
vs. SHE.

Spectroscopic Characterization

UV/Vis absorbance spectra were recorded on a PerkinElmer
Lambda 1050 spectrophotometer. Photoluminescence (PL) and
photoluminescence excitation (PLE) spectra were recorded on
a Photon Technology International Quanta Master 40 spectro-
fluorometer with a dual monochromator arrangement in both
the excitation and the emission channel, respectively. PL
spectra were measured at an excitation wavelength of 400 nm,
while PLE spectra were measured at the wavelength of the
emission maximum of the corresponding material. For the
characterization of perylene and 1,7-diazaperylene in dilute
solution, solutions with a concentration of 10> M in chloro-
form were prepared. For characterization of solid films, thin
films on glass were prepared by physical vapor deposition
technique or by spincoating at 800 rpm from ca. 2 mg/mL
solutions in chloroform or toluene/acetone (ratio 4:1).
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Dielectric Spectroscopy

The impedance spectroscopy investigations were performed in
the frequency range spanning from 10 kHz to 1 mHz for both
perylene and 1,7’-diazaperylene in metal-insulator-metal con-
figuration with 80 nm thick bottom and top aluminum electro-
des respectively, deposited by physical vapor deposition
technique. The instrument employed for the dielectric meas-
urements was a Novocontrol Broadband Dielectric / Impe-
dance Spectrometer (Novocontrol Technologies GmbH).

OFETs Fabrication

The architecture of the OFET device employed for this study
involved a staggered bottom gate-top contact design. The
design comprised a bilayer inorganic dielectric (aluminum
oxide, AlOx) and a thin capping layer of organic dielectric
(either tetratetracontane, TTC, or 1,7-diazaperylene). The
thickness of the aluminum gate electrodes that were sub-
sequently anodized was 80 nm for all the OFET devices
fabricated in this study. The aluminum oxide was grown
electrochemically by employing a previously reported recipe!'”
that was optimized over the years in our laboratories.”**"! The
setup comprised a current-voltage source meter, Keithley
4ZA4. The aluminum used for evaporation of the gate
electrode had a purity of 99.999 % (ChemPUR GmbH) and the
respective gate electrode layer was evaporated at a fast rate of
~4-5 nm/sec. The anodization voltage of this study was set to
10 V. The source and drain electrodes were aluminum for Cg,
and gold for pentacene respectively, and the channel dimen-
sions were length, L=25pum and width, W=2mm (see
Figure 1). The OFETs were measured with the aid of a probe
station in glove box, under nitrogen atmosphere.

Results and Discussion

The chemical structures of 1,7-diazaperylene (1) and the
chemically related compound, perylene (2) are shown in the
schematic below.

Figure 1. a) Photograph of a metal-insulator-metal structure with 1,7-diazaperylene sandwiched between two pairs of aluminum electrodes; b)
Photograph of the OFET structure employed in this work displaying the bottom gate electrode, the patterned diazaperylene semiconductor,
and the 4 pairs of source and drain electrodes. The mask allowed also the patterning of a MIM structure (yellow electrode on the far right of
the photograph) necessary for the measurement of the specific capacitance of the field effect transistor. The electrode contacts were decorated

with silver paste for the measurement purposes.
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In this work we scrupulously purified 1,7-diazaperylene
via train sublimation method”” and pursued a thorough
materials characterization of this compound in its high purity
form. After two rounds of sublimation for perylene and 1,7-
diazaperylene respectively, the purity of the investigated
compounds became (presumably) significantly higher than
99%. We further looked into the possibility of this compound
having a useful functionality in field effect transistors and
solar cells. We analyzed the 1,7-diazaperylene by cyclic
voltammetry (CV), photoluminescence spectroscopy (PL),
UV-Vis absorption spectroscopy (UV-Vis), and impedance
spectroscopy (IS). We compared the results of these inves-
tigations with the respective data recorded for perylene, a
molecule that is already established as p-type organic
semiconductor.”

Figure 2 presents the CV spectra of 1,7-diazaperylene and
perylene respectively solubilized in acetonitrile (MeCN). The
CV reveals that perylene has a reversible reduction peak at
—1.43 V and a reversible oxidation peak at + 1.26 V, similar to
observations of the litereture.''” At more anodic potentials, a
further irreversible oxidation takes place at +1.78 V. In
comparison to perylene, the full CV cycle in case of 1,7-
diazaperylene appears to be anodically shifted. A reversible,
first reduction peak at —1.00 V occurs followed by a second
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reduction peak at —1.48 V. A first oxidation peak was
observed at +1.67 V followed by a second oxidation peak at
+2.07 V, which both appear to be irreversible. Comparing the
onset values of the reduction and oxidation gives an electro-
chemical band gap of 2.51 eV for perylene and 2.59 eV for
1,7-diazaperylene. This smaller band-gap of perylene in
comparison with the 1,7-diazaperylene is in agreement with
the optical absorption spectra.

Figure 3 shows in the panel a) the absorbance and photo-
luminescence (PL) spectra of perylene and 1,7-diazaperylene
in dilute (10> M) chloroform solution, and in the panel b) the
photoluminescence excitation (PLE) and PL spectra of both
materials in solid films deposited on glass by physical vapor
deposition. In dilute chloroform solution both molecules show
electronic transitions to different vibrational levels with
increasing peak intensities towards lower energy and a very
small Stokes shift of the emission spectra which are character-
istic footprint of perylene derivatives.*!"# 2 In solution, 1,7-
diazaperylene displays PL transitions at wavelengths of 447,
476, 508 and 545 nm. Both the absorption and the PL bands of
1,7-diazaperylene show a small shift (ca. 4 nm) towards higher
wavelengths as compared to the bands of perylene. This small
red-shift can be attributed to slightly changed electronic
properties due to the substitution of two carbon atoms of the
aromatic system by nitrogen in diazaperylene.***"!

The thin films of both materials show significantly differ-
ent positions and shapes of the absorption and PL bands as
compared to their chloroform solutions. The fluorescence of
both materials is strongly red-shifted with an emission
maximum at 612 nm for 1,7-diazaperylene and 610 nm for
perylene. Besides the small difference of the emission
maxima, the shapes of the PL spectra of both materials in the
thin film are almost identical. Furthermore, the PL spectra

perylene

30

1,7-diazaperylene

R’-\/
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Figure 2. Cyclic voltammetry (CV) scans of perylene (orange color) and 1,7-diazaperylene (green color).
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Figure 3. a) Normalized absorbance and photoluminescence (PL) spectra of perylene and 1,7-diazaperylene measured in 107> M chloroform
solution. b) Photoluminescence excitation (PLE) and PL spectra of solid films of perylene and 1,7-diazaperylene deposited on glass. The
dashed grey line marks the spectral position of the main absorption peak of 1,7-diazaperylene in solution and is included as a guide for the

eye for comparison of the spectra.

show a broad shape, large Stokes shift and absence of the
typical vibrational structure observed for the monomeric
molecules in dilute solution. These observations suggest a
strong excimer formation in the solid films of both molecules
as has been previously reported for perylene crystals and thin
films. %)

In comparison to the dilute solutions, the absorption bands
of perylene and 1,7-diazaperylene show a spectral shift and
broadening in the solid films as evident from the PLE spectra.
For perylene the spectrum shows the emergence of a relatively
weak lower energy absorption band at 468 nm. Much more
pronounced, however, is the hypsochromic shift of the
absorption maximum to 380 nm and the emergence of an
additional absorption band at 344 nm. This can be related to a
strong H-aggregate formation in the film.**"! For perylene,
this strong aggregation can be attributed to the occurrence of

Ist. J. Chem. 2022, 62, 202100126 (4 of 10)

closely stacked dimers in the molecular packing in the a-
perylene crystalline form™-? which has also been reported for
thin films of this material.* For the 1,7-diazaperylene thin
film, a similar red-shifted absorption band and shift of the
maximum absorption intensity towards shorter wavelengths as
compared to the chloroform solution can be observed. In
comparison to the perylene thin film, 1,7-diazaperylene shows
a much lower magnitude of the hypsochromic shift and a
significantly higher relative intensity of the lower energy
absorption bands. This suggests a lower tendency of this
material towards H-aggregate formation. This is further
corroborated by the differences in molecular packing as shown
by comparison of the crystal structures reported for
perylene?®***** and 1,7-diazaperylene.'*) While perylene in its
o form shows an arrangement of closely spaced slipped-
parallel dimers, no such dimeric arrangement was observed for

© 2022 The Authors. Israel Journal of Chemistry published by Wiley-VCH GmbH.
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1,7-diazaperylene. The strong n-m interaction in H-aggregated
molecules typically strongly benefits the charge transport
properties of the material.”>*% Significant differences in the
aggregation behavior of the investigated perylene derivatives
may thus relate to differences in their performance as active
materials in photovoltaics and OFETs.

Since the isolation of two different modifications of solid
1,7-diazaperylene has been reported earlier," the optical
properties of 1,7-diazaperylene thin films processed from
different solutions were investigated to characterize a possible
occurrence and influence of different modifications in solid
films. The PLE and PL spectra of films prepared by
spincoating from solutions of 1,7-diazaperylene in chloroform
and in a toluene/acetone mixture (volumetric ratio 4:1) are
shown in Figure 4. The PLE spectra of both films show a
similar shape and conform very well to the PLE spectrum of
the thin film deposited by PVD (see Figure 3). This suggests a
similar ground-state aggregation behavior of 1,7-diazaperylene
in films deposited from chloroform, toluene/acetone or by
PVD, respectively. However, the films deposited from chloro-
form and toluene/acetone display a clearly different spectral
position and shape of their fluorescence spectra. The PL
spectrum of the film deposited from chloroform shows an
emission maximum at 610 nm and conforms well to the PL
measured for the 1,7-diazaperylene film deposited by PVD.
The emission spectrum of the thin film deposited from
toluene/acetone shows a lower Stokes shift with an emission
maximum at 580 nm and a pronounced shoulder centered at
546 nm. This suggests a lower degree of excimer formation as
compared to the films processed from chloroform. The differ-
ences in the PL spectra could be attributed to the formation of
different modifications of 1,7-diazaperylene in thin films

T T T T
1,7-Diazaperylene,

1 4 B spincoated from chloroform: 7]
= PLE
PL
1 2 B spincoated from toluene:acetone (4:1): 7

= PLE

—PL

Normalized PLE, PL

1 " 1

350 450 550 650
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Figure 4. Normalized photoluminescence excitation (PLE) and pho-
toluminescence (PL) spectra of 1,7-diazaperylene films spin coated
on fused quartz from solutions in chloroform and in a 4:1 toluene/
acetone mixture.
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processed from different solvents. Slight differences in the
arrangement of the molecules in these solid modifications may
show a similar n-m stacking in the ground state but a
significantly changed excimer formation behavior, as was
observed for pyrene derivatives when crystallized from differ-
ent solvents.”*® Ge etal. attributed this observation to a
dissimilar overlap area of the pyrene units in the different
crystalline modifications.””? The PL spectra observed for 1,7-
diazaperylene suggest that the material has an identical
excimer formation behavior in the vapor-deposited thin film
and in the film solution-processed from chloroform.

The energetic HOMO-LUMO difference corresponding to
the gap energy of isolated molecules is indicated by the
absorption and fluorescence spectra in diluted solution (there
are pure pi-pi* transitions in both cases, i.e. perylene and 1,7-
diazaperylene, because the lone pairs are energetically below
the HOMO level); this is shown in Figure 3a where the
electronic transitions for 1,7-diazaperylene are more bath-
ochromic shifted (lower energy) than for perylene. This is still
true for solid films (see Figure 3b), although there are addi-
tional exciton couplings in the solids because of the proximity
of the densely packed chromophores. There may be several
reasons, (two of them are listed below) for the lower HOMO-
LUMO gap of perylene which should not be discussed in
detail unless they are supported by high-level quantum
chemical calculations: (i) there are unfavorable interactions in
perylene such as those caused by a slight sterically-induced
twisting and a repulsion of the filled orbitals in the formal two
combined naphthalene units. This is indicated by the two
elongated bonds between the units being more single bonds
than aromatic double bonds; (ii) 1,7-diazaperylene might be
slightly favored because of minor steric repulsion and
stabilization by antiparallel dipoles cause by the electron
withdrawing nitrogen atoms. On the other hand, the effects in
the UV/Vis spectra are comparably small.

Clarifying the major contributor to the HOMIO-LUMO
level difference in perylene vs. 1,7-diazaperylene is not easy
since DFT calculations are known to give rather useful results
for the interaction of orbitals, moderate results for electrostatic
interactions and rather poor results for steric interactions of
more distant parts of molecules (for example, an incorrect
orthogonal geometry is obtained for biphenyl). Having these
said, we find indeed the electrochemical results rather puzzling
because the reduction of perylene requires —1.43 V and its
oxidation + 1.26 V resulting in a difference of 2.69 V; whereas
the respective values for 1,7-diazaperylene were —1.00 V and
+1.67 V, causing a difference of 2.67 V. This slightly smaller
value is consistent with the slightly more bathochromic (lower
energy) absorption and fluorescence of 1,7-diazaperylene.
Moreover, the shift to more positive values for reduction and
oxidation for 1,7-diazaperylene is in accordance with the
electron depletion by the two more electronegative nitrogen
atoms

Impedance spectroscopy is very informative tool used to
explain the processes that occur at interfaces between two
different layers of materials that lead to changes in physical

© 2022 The Authors. Israel Journal of Chemistry published by Wiley-VCH GmbH.
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properties of the system. Impedance spectroscopy helps also
understanding changes in the electrical properties of the
system by studying the effect of polarization on the electrical
conductivity alteration.***! Impedance spectroscopy investi-
gation on thin films of perylene and 1,7-diazaperylene is
displayed in Figure 5. Both thin films of vacuum processed
perylene (~150 nm) and 1,7-diazaperylene (~125nm) were
sandwiched between aluminum electrodes fabricated via
physical vacuum deposition. The impedance measurements
were carried out with the aid of a Novocontrol Impedance
analyzer in ambient air. With each scan from 10 kHz to 1 mHz
lasting 8 hours, it is visible in the Figure 5 that oxidation of
the two thin films occurs, an event that has as a typical
characteristic a decrease in time of both the capacitance of the
film and the loss angle (highlighted by arrows on the
respective graphs). The oxidation event makes the films lose
their semiconductor properties and turns them into better
dielectrics instead. Nevertheless, in the case of perylene the
oxidation event!***! stabilizes so that the capacitance and the
loss angle reach a stable value after 3 days exposure to
oxygen, whereas the respective event continues without
stoppage for the 1,7-diazaperylene for the entire extent of the
measurement, i. e. 6 days.

Our attempts to fabricate photovoltaic devices with 1,7-
diazaperylene in planar diode configurations, a geometry
reported originally by C.W. Tang"* did not produce the
desired results. With this respect, 1,7-diazaperylene did not
produce any photocurrent neither when it was employed as a
donor (interfaced with PTCDI), or as an acceptor (i.e.
interfaced with copper phthalocyanine or zinc phthalocyanine
respectively). The attempt to utilize 1,7-diazaperylene as a
homojunction semiconductor’** (single material in a single
layer, sandwiched between a pair of electrodes, i.e. anode,
ITO+PEDOT-PSS, and cathode, i.e. either plain aluminum,
Ca—Al or LiF—Al) also did not produce the expected results.
In case when 1,7-diazaperylene was investigated as donor
material, its thickness was 40 nm, and the acceptor layer’s
thickness (i.e. PTCDI) was 20 nm. In the opposite case when

&

a) 10 - $
) 1,7-Diazaperylene
—|C|-1st = Tan(Delta)-1st
——|C|-2nd —— Tan(Delta)-2nd 44
_— ——|C|-4th Tan(Delta)-4th —
E_’ ——|C|-6th ——Tan(Delta)-6th 3
——|C|-8th ~——Tan(Delta)-8th .
w ——|C|-10th Tan(Delta)-10th m
g " ——|C|-12th Tan(Delta)-12th 13 :
107 1 3
8 =
bh— [}}
g “F
=
© ©
(&) 1
107
T Ty T T T T 2 0
10° 102 10" 10° 10' 10*° 10° 10°
Frequency (Hz)

Israel Journal
of Chemistry

1,7-diazaperylene was employed as acceptor (n-type material),
its thickness was varied, from 30 nm to 10 nm, in successive
batches. The respective devices did not have an electron
transporting layer to face the top electrode.

We focused then our attention toward field -effect
transistors. We attempted to fabricate devices with 1,7-
diazaperylene as an organic semiconductor on AlOx-TTC
inorganic-organic composite dielectric, but we did not record
any transistor behavior, neither as n-type (capped by aluminum
or silver source and drain electrodes) nor as p-type (capped by
gold source and drain electrodes) respectively. We did not
record any semiconductor characteristics for the respective
material either when deposited slow or fast in several batches.
With this respect we kept the deposition rate constant for each
batch but we deposited the 1,7-diazaperylene at rates starting
with less than 1 A/sec. and finishing at 8 nm/sec. in successive
batches), thinking that this material is morphology and growth
model sensitive as it is the case of tetracene for example,
where deposition rates in excess of 0.5 nm/sec. are required in
order to raise the semiconductor properties.[**"’ However, our
efforts did not pay dividends, and the perylene derivative
employed in this study did not show any semiconducting
behavior.

Nevertheless, corroborating these findings with the in-
formation offered by impedance spectroscopy relative to the
suitability of 1,7-diazaperylene as dielectric material, we
proceeded by fabricating OFET devices with pentacene and
fullerene (C4) semiconductors and 1,7-diazaperylene as thin
dielectric capping layer on AlOx inorganic dielectric. Employ-
ing 1,7-diazaperylene as capping layer for electrochemically
grown aluminum oxide inorganic dielectric, we put its
performance in context of a classic, well established capping
layer, tetratetracontane (TTC, C4Hy,). We fabricated our first
batch of OFET devices with Cg semiconductor directly
deposited on AlOx, in effect without any passivating layer (see
Figure 6). The OFET device displays a clear print of
unpassivated AlOx, where the strong dipoles of the inorganic
dielectric generate a very large hysteresis in the transfer
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Figure 5. Impedance spectroscopy of a) 1,7-diazaperylene and b) perylene in a frequency window spanning 10 kHz to 1 mHz.
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Figure 6. Unpassivated AlOx+ Cg, semiconductor. a) transfer characteristics; b) output characteristics. The specific capacitance of the
dielectric layer was Co4_468.6 nF/cm” and the electron field effect mobility p,=1.2x1072 cm?/Vs.

characteristic, as well as a lack of full saturation (seen clearly
in the output characteristic). The respective finding demon-
strated the importance of finding a good capping layer for the
AlOx when interfacing it with fullerene.

Devices with 1,7-diazaperylene and TTC capping layers
respectively on AlOx and Cg, semiconductor are presented in
Figure 7. Both devices display minimal hysteresis, however

the 1,7-diazaperylene capping layer generated a superior
interface with Cg, that resulted in a higher electron mobility,
ie. 1.2 x107° cm*Vs for AlOx-1,7-diazaperylene vs. 3.3 x
107 cm*/Vs for AIOx-TTC.

Devices with pentacene semiconductor deposited on TTC
and 1,7-diazaperylene capping layer are displayed in Figure 8.
In a similar behavior with the study of Cg, deposited on the
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Figure 7. TTC as capping layer on AlOx+ C4, semiconductor: a) transfer and b) output characteristics. The measured specific capacitance of
the OFET device was Coq=396.1 nF/cm’. The calculated field effect mobility was p.=3.3x107* cm?/Vs; Diazaperylene as capping layer on
AlOx 10 V+ Cg, semiconductor: c) transfer and d) output characteristics. The measured specific capacitance of the OFET device was Coy=
409.8 nF/cm’. The calculated field effect mobility was p,=1.2x107* cm?/Vs.
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Figure 8. TTC as capping layer on AlOx+ pentacene semiconductor: a) transfer characteristics and b) output characteristics. The specific
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capping layer on AlOx+ pentacene semiconductor: c) transfer characteristics and d) output characteristics. The specific capacitance of the
OFET device was Cog=413.5 nF/cm”. The calculated field effect mobility was p,=1x10"? cm?/Vs.

respective capping layers, also the devices with 1,7-diazaper-
ylene generates high hole field effect mobility in pentacene
semiconductor as compared to similar devices featuring TTC
as capping layer (1 x 107 cm?/Vs vs. 3.8 x107* cm*/Vs).

We finished our OFETs studies by investigating the
performance of perylene semiconductor on aluminum oxide
capped by TTC vs. 1,7-diazaperylene. In a convincing fashion
(see Figure9), and in line with the previous observations
involving Cg4, and pentacene semiconductors, also in the case
of perylene semiconductor, the hole field effect mobility was
higher when perylene was grown on 1,7-diazaperylene 3 X
10~* cm*Vs than on TTC, i.e. 3x 10™* cm?/Vs.

Conclusions

In this study we performed a thorough material character-
ization of 1,7-diazaperylene via multiple techniques, and
looked for the applicability of this perylene derivative in
organic electronic devices. We could not obtain any photo-
voltaic effect behavior in planar diodes where 1,7-diazaper-
ylene was employed both as a donor (in combination with
PTCDI) as well as an acceptor (in combination with copper
phthalocyanine or zinc phthalocyanine respectively). All our
efforts to extract a semiconductor behavior in field effect
transistors also proved unsuccessful, despite varying several

Ist. J. Chem. 2022, 62, 202100126 (8 of 10)

deposition and fabrication parameters. We ultimately focused
our attention into demonstrating the dielectric properties of
1,7-diazaperylene. Indeed, this material seems to be an
exception to the rule in the class of perylene derivatives, in the
sense that it behaves as an insulator. The reason for this
behavior is presumably generated by the differences in crystal
structure and growth (aggregation in thin film) of 1,7-
diazaperylene and perylene respectively, a topic that requires
careful investigation. This explanation is corroborated by the
differences in the optical absorption properties of the thin
films of the two materials which strongly suggest a signifi-
cantly weaker H-aggregation in 1,7-diazaperylene as compared
to perylene. Finally, the dielectric behavior of 1,7-diazaper-
ylene recommends this material as a thin capping layer for the
passivation of inorganic dielectrics employed in the fabrication
of organic field effect transistors, with performance similar to
other dielectrics like vacuum processed polyethylene, penta-
contane, waxes, cellulose, trimethylsilyl cellulose (TMSC), or
natural resins or gums.?'

Data Availability Statement

The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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