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A novel perylenetetracarboxylic diimide molecule (2PDI-TAZ), which contains two perylenetetracarboxylic
diimide (PDI) attached to a melamine headgroup, was designed and synthesized. Supramolecular self-
assemblies were studied in Langmuir and Langmuir–Blodgett films. Surface pressure–area isotherm
measurements and the spectroscopic studies indicate that the 2PDI-TAZ molecules adopted a face-to-
face configuration and edge-on orientation in Langmuir or the multilayer LB films. The presence of the
barbituric acid in subphase change the hydrophilicity of 2PDI-TAZ due to the hydrogen bonding between
melamine and barbituric acid, which has been revealed by the π–A isotherms and the FT-IR spectra.
Transmission electron microscopy images of the LB films deposited from the barbituric acid solution
revealed uniform nanowire morphology while the X-ray diffraction studies indicate that the molecules
in the solid film packed with high order. The strong excimer emission of 2PDI-TAZ in LB films suggests
enforced face-to-face configuration for the PDI unites in LB films in relative to that in solution.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction

Perylenetetracarboxylic diimide (PDI) organic derivatives repre-
sent an extremely important class of molecules with promising
application potentials in many areas of scientific research [1]. The
unique properties of PDIs, such as strong absorption and emission,
good semi-conductivity, excellent thermal and chemical stabilities,
have attracted extensive interest in the applications in photovoltaic
cells [2–7], chemical sensors [8–11], electroluminescent devices
[12–15], and organic field effect transistors (OFETs) [16–19]. The
orderness of PDI molecules in the device has been proved to be
crucial for the device performance. For example, increasing the or-
dering of perylene molecules could promote the charge transfer
and thus improve the efficiency of the solar cells [4,20,21], the per-
formance of an OFET could be promoted by changing the packing
model of organic molecules in the solid films [22–24]. Therefore,
the development of novel fabrication methods for the highly or-
dered PDI film is important and is now one of the most active
fields in the area of molecular electronics.

Langmuir and Langmuir–Blodgett (LB) techniques are useful
tools to fabricate monolayer and/or multilayer films with control-
lable structure in the molecular level [25]. However, the applica-
tion of LB techniques in the construction of PDI films are scarcely
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reported so far probably because of the difficulties on the synthesis
of amphiphilic PDIs. On the other hand, the supramolecular ap-
proach to the ordered PDI assembly based on various non-covalent
interactions such as π–π interaction, van der Waals forces, hydro-
gen bonding, static electronic interactions, and metal-ligand coor-
dinations, have attracted a lot of interest in the past decade [26].
A significant amount of work has been reported on the study
of perylene assemblies for artificial photosynthesis and molecular
photonic/electronic material development through the supramolec-
ular chemistry approach [27,28].

Combination of supramolecular interactions with the LB tech-
nique to develop highly ordered and well-defined thin solid film
is an important development of the LB film fabrication. We are
particularly interested in a supramolecular self-assembly system
formed from complementary hydrogen bonding between barbituric
acid and melamine. Melamine has a structural triad of hydrogen-
bonding donor–acceptor–donor, while barbituric acid has a com-
plementary motif of hydrogen-bonding acceptor–donor–acceptor.
When these two compounds are mixed together, highly ordered
supramolecular network structures such as linear tapes, crinkled
tapes, and rosettes can be formed in solid state or solution [29,
30]. This supramolecular system was also studied at the air–water
interface. In contrast to the traditional belief that hydrogen bond-
ing is not so efficient in aqueous solution, studies by a few re-
search groups demonstrated that a highly ordered and rigid lin-
ear network was formed between amphiphilic barbituric acid and
melamine with its complementary components in Langmuir and

http://www.ScienceDirect.com/
http://www.elsevier.com/locate/jcis
mailto:chm_chenyl@ujn.edu.cn
http://dx.doi.org/10.1016/j.jcis.2008.10.074


422 Y. Chen et al. / Journal of Colloid and Interface Science 330 (2009) 421–427
Fig. 1. Molecular structure of 2PDI-TAZ.

Langmuir–Blodgett films [31–34]. Moreover, it was reported by Huo
et al. that such a linear hydrogen bonding network could have a
dramatic effect on the photopolymerization of a diacetylene mono-
layer film and the properties of the resulting polydiacetylene film
[35,36].

In order to achieve a PDI thin solid film with high ordered
structure, the combination of hydrogen bonding with LB tech-
niques is a rational design. In the present paper, we report the
design, synthesis, of a novel PDI compound with phenoxy groups
at the bay positions and hydrophobic alkyl substituents at the two
imide nitrogens of the PDI molecule. Specifically, two of these PDI
moieties were linked by a hydrophilic melamine ring to form a
flexible PDI double-decker dimer, 2PDI-TAZ, Fig. 1. The resulting
2PDI-TAZ molecule maintains the melamine structural motif of
two-face hydrogen-bonding donor–acceptor–donor and is expected
to form a linear supramolecular self-assembly with barbituric acid
at the air–water interface. This hydrogen bonding together with
the π–π interactions between the PDI rings and the hydropho-
bic/hydrophilic interactions are expected to drive the molecules to
form a highly ordered structure. Herein we report the results.

2. Materials and methods

2.1. General remarks

Surface pressure–area (π–A) isotherms were recorded on a
NIMA Langmuir–Blodgett 2000 trough (NIMA technology, UK).
Electronic absorption spectra were recorded on a Hitachi U-4100
spectrophotometer while the fluorescence spectra and the life-
times were measured on a ISIS K2 system (USA). FT-IR spectra
were recorded on a BIORAD FTS-165 spectrometer (Perkin–Elmer
Ltd, USA) with a resolution of 2 cm−1. Low angle X-ray diffrac-
tion (LAXRD) experiments were carried out on a Rigaku D/max-γ B
X-ray diffraction system. The TEM images were taken on a H600
electron microscope operated at 100 kV (Hitachi, Japan).
2.2. Surface pressure–area isotherm measurement

The surface pressure was measured using the Wilhelmy plate
method with the accuracy of ±0.1 mN/m. HPLC grade dichloro-
methane was used to prepare the 2PDI-TAZ solution for Langmuir
monolayer study. For the spreading solution, 2PDI-TAZ was dis-
solved in dichloromethane to a concentration of 1.91×10−4 mol/L.
The Langmuir monolayer study was conducted at an ambient tem-
perature of 25 ± 2 ◦C. The π–A isotherms were recorded 15 min
after spreading the dichloromethane solutions onto the surface of
pure water (resistivity: 18 M�/cm, pH 6.4) or 1 mM barbituric
acid aqueous solution with a compression rate of 20 cm2/min. All
the isotherms were repeated more than three times, and the de-
viation between any of the three individual isotherms is within
±0.02 nm2/molecule.

2.3. Thin film deposition and characterization

All LB films for low-angle X-ray diffraction, UV–vis, polarized
UV–vis, fluorescence, and FT-IR spectra measurement were de-
posited onto hydrophobic quartz plates or CaF2 substrates by ver-
tical dipping method with a dipping speed of 7 mm/min while
the surface pressure was kept at 25 mN/m. The time interval be-
tween two consecutive layer depositions was 15 min. Because of
the good amphiphilic properties of 2PDI-TAZ, the transfer ratio
during the film deposition for both of the subphases is close to
unity, indicating a very good layered structure for the LB films,
Figs. S1 and S2 (supplementary material). For the polarized spec-
tra, a dichroic sheet polarizer was placed in front of the LB films
with s- and p-polarized lights, respectively. Literature method de-
scribed by Hönig et al. was adopted to treat the substrates [37].
The Langmuir film for TEM characterization was deposited onto
the copper grids using subphase lowering method. The samples
have been dried in air for ca. 12 h at room temperature before be-
ing loaded into the vacuum chamber of the electron microscope.

3. Results and discussion

3.1. Molecular design and synthesis

This 2PDI-TAZ was designed with the idea of increasing the
face-to-face interactions of neighboring PDIs in mind since many
examples have revealed that large face-to-face interaction between
neighboring molecules are beneficial to the performance of pho-
tonic and electronic device [38–42]. The linkage, melamine ring,
used to connect two monomeric PDIs units, is well known for its
hydrogen bonding with barbituric acid and forming face-to-face
conformation for the connected two chromophores [43–46] and
therefore provides possibility for ordering the molecules in solid
film through hydrogen bonding [33,34,47,48]. The detailed syn-
thetic procedures together with the structure characterization are
described in supplementary material. 2PDI-TAZ shows very good
solubility in organic solvents, which renders it possible to fabri-
cate this compound into highly ordered film structures through
solvent-based procedure especially by LB technique due to the typ-
ical amphiphilic nature.

3.2. Characteristics of pressure–area isotherms

Reproducible pressure–surface area (π–A) isotherms for 2PDI-
TAZ on the surface of pure water and 1 mM barbituric acid sub-
phase indicate that the compound can form stable monolayer on
both subphases, Fig. 2. As illustrated in this figure, monolayer of
2PDI-TAZ formed on the surface of both pure water and barbi-
turic acid solution show similar interface behavior. For example,
the π–A isotherm of 2PDI-TAZ shows a liquid condensed phase
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Fig. 2. π–A isotherms of 2PDI-TAZ on the surface of water (solid) and 1 mM barbi-
turic acid solution (dash).

between surface pressure of 1 and 8 mN/m and a solid phase
between 8 and 26 mN/m on pure water subphase, while the cor-
responding phase appears at 0.8–16 mN/m and 16–38 mN/m re-
spectively on barbituric acid subphase. The collapse point, which
is the phase change observed when the value dπ/dA decreases,
gives the collapse pressure at ∼26 and ∼38 mN/m on pure water
and barbituric acid solution, respectively. Higher collapse pressure
on barbituric acid solution for monolayer of 2PDI-TAZ exhibited
greater stability and the better film forming ability than that on
pure water subphase, which implied anchoring effect of barbituric
acid and improved molecular orientation in the monolayer [49].

The limiting mean molecular occupied area, which is estimated
by extrapolating the steeply rising part of the π–A isotherm curve
to zero pressure, is 1.60 nm2/molecule on pure water subphase,
which is slight bigger than that of the projection for a perpendic-
ular standing molecule of 2PDI-TAZ estimated from the minimized
structure, 1.10 nm2/molecule, but much smaller than a molecu-
lar planar area with a monomeric PDI moiety facing on water
surface, 6.14 nm2/molecule [19,50,51]. Edge-on with hydrophilic
melamine ring staying close to the water surface and the hy-
drophobic perylene cores obliged towards the air phase would be
the most possible orientation for molecules of 2PDI-TAZ. On the
surface of barbituric acid solution, the π–A isotherm of 2PDI-TAZ
gives a limiting molecular area of 1.95 nm2/molecule, which is a
little bit larger than that on the water surface. Taking into account
the limited cross section of a barbituric acid molecule (∼0.36 nm2/

molecule) [34], such a molecular area expansion relative to that
on water surface clearly indicates the binding of barbituric acid to
the monolayer, as also shown in many previous studies on this
supramolecular system [52,53]. Hydrogen bonding network be-
tween melamine ring and barbituric acid should be formed, Fig. 3.

3.3. Morphologies of the Langmuir film

To investigate the morphology of the film using TEM technique,
the Langmuir monolayer films of 2PDI-TAZ formed on the two dif-
ferent subphases were deposited onto Formvar-coated 230 mesh
copper grids by subphase lowering method.

As shown in Fig. 4A, the favorable π–π stacking between the
PDI unites of 2PDI-TAZ leads to the formation of the nanofibers
in the monolayer film deposited from the surface of water. The
morphology of the monolayer film deposited from the surface of
barbituric acid solution reveal nanowires with large aspect ratio,
Fig. 4B. The nanowires thus obtained show quite uniform mor-
phology with the average width of ca. 150 nm, and the length
of tens of micrometers. It is worth noting that the morphol-
ogy of monolayers is not homogeneous due to self-aggregation of
the molecules in Langmuir film. The similar monolayer behaviors
were also observed with amphiphilic and nonamphiphilic materi-
als such as the monolayers of pure (Pc)Dy[Pc(OCnH2n+1)8]Dy(Pc)
film [54], a phthalocyanine (Pc) modified with eight benzyloxy-
ethoxy groups (CuPc(OC2OBz)8 and H2Pc(OC2OBz)8) [55], the liq-
uid crystalline perylenetetracarboxylic diimide derivative, N,N ′-
bis[3-[2-[2-[2-(2-cyanoethoxy)ethoxy]ethoxy]ethoxy]-propyl]-peryl-
ene-3,4:9,10-tetracarboxyldiimide [56] and monolayers of 5,10,15,
20-tetra-4-oxy(acetic acid)phenylporphyrin [57]. These nanoma-
terials are highly desired for fabricating nanowire-based opto-
electronic devices which often require a wide variety of channel
lengths to achieve the optimum gate or optical modulation [58].

3.4. FT-IR spectra

The infrared spectra for 2PDI-TAZ dispersed in KBr and its LB
films deposited from both subphases are shown in Fig. 5. In line
with that of perylene analogous [59–61], the principal in-plane
bands at 1660 and 1698 cm−1 correspond to the O=CN stretches
while the in-plane bands at 1596 and 1572 cm−1 correspond to
the C=C aromatic stretches. The principal out-of-plane band is at
812 cm−1 and has been assigned as the wagging modes of C–H
on perylene ring. The out-of-plane wagging vibrations of the pery-
lene ring provide a dynamic dipole perpendicular to that of the
O=CN or C=C stretching vibrations. All of these bands were ob-
served in the reference spectrum of unoriented 2PDI-TAZ in KBr
pellets, Fig. 5a. Changes in the relative intensities of the in-plane
modes or the out-of-plane modes in LB films with respect to those
Fig. 3. Schematic arrangement of 2PDI-TAZ on the surface of water (a) and 1 mM barbituric acid solution (b).
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Fig. 4. TEM images of 2PDI-TAZ Langmuir film formed on the surface of pure water
(A) and 1 mM barbituric acid solution (B).

Fig. 5. FT-IR spectrum of 2PDI-TAZ dispersed into a KBr pellet (a), ATR-IR spectra of
2PDI-TAZ LB films deposited from pure water (b), and from 1 mM barbituric acid
solution (c).

of 2PDI-TAZ in KBr pellets yield information concerning the ori-
entation of the molecules in the films [62]. For transmission, the
polarization of the incident radiation always lies along the sub-
strate surface. Therefore, only bands with a change in dipole mo-
Fig. 6. Absorption spectra of 2PDI-TAZ in dichloromethane (dash line) and 10-layer
LB films (solid line, from water surface; dash dot line, from 1 mM barbituric acid
solution).

ment parallel to the substrate surface will be intensified while the
bands perpendicular to the substrate surface will be comparatively
weak. The wagging vibration is the most intense band in the IR
spectrum of the LB films as shown in Fig. 5, b and c, while the
in-plane vibrations are broad and very weak. Since the intensity
is proportional to the dot product of the electric field and the
dynamic dipole, the average PDI plane of 2PDI-TAZ should per-
pendicular to the substrate surface, suggesting an edge-on orienta-
tion for the molecules in LB films. This is in line with the results
of π–A isotherms. Similar result for the solid film of 3,4,9,10-
perylenetetracarboxylic diimide derivatives are also reported by
Tam-Chang and co-workers [61].

Comparing with the IR spectra of 2PDI-TAZ LB films deposited
from pure water (inset of Fig. 5b), the spectrum of the LB films
deposited from the surface of 1 mM barbituric acid aqueous so-
lution (inset of Fig. 5c) clearly reveal the formation of hydrogen-
bonds. A strong C=O peak of bound barbituric acid is observed
at 1694 cm−1 in Fig. 5c, which is absent in Fig. 5b. As reported
previously, the C=O peak of barbituric acid in an argon matrix ap-
pears at 1754 (for the monomer) and 1732 (for the dimer) cm−1,
but these peaks shift to 1694 cm−1 in the solid state at 20 K, ow-
ing to hydrogen-bond formation between molecules of barbituric
acid [63].

3.5. UV–vis absorption spectra

The absorption spectra of 2PDI-TAZ in solution, LB films de-
posited on quartz from the surface of water or barbituric acid
solution are shown in Fig. 6. The absorption spectra of PDI deriva-
tives containing one or two perylene chromophores usually consist
of one electronic transition with a characteristic vibronic struc-
ture [64]. The spectrum of 2PDI-TAZ in solution has a characteristic
vibronic structure associated with the π–π∗ electronic transitions
of PDI chromophores with a 0–0 band at 547 nm followed by
subsequent transitions 0–1 at 512 nm and 0–2 at 405 nm. This
absorption spectrum corresponds well to many other folded and
circular perylene dimers reported previously [19,65,66]. The inten-
sity of the vibrational transitions within the progression follows
the order 0–1 > 0–0, which is commonly attributed to the in-
tramolecular π–π stacking in PDI dimer [65,66].

In the spectrum of the LB films deposited from the water sur-
face or barbituric acid subphase, obvious band broadening was
observed, which could be ascribed to the field effects of the
closely compacted molecular assembly. The main 0–1 transition
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Table 1
The orientation angles of the PDI ring of 2PDI-TAZ in the LB films deposited from the surface of water and 1 mM barbituric acid solution.

A‖ A⊥ D0

(A‖/A⊥)
A‖ A⊥ D45

(A‖/A⊥)
θ

A—10 layers (520 nm)a 0.07371 0.09265 0.7956 0.09926 0.1182 0.8398 53.63◦
B—10 layers (523 nm)b 0.09775 0.1021 0.9574 0.1136 0.1198 0.9482 56.02◦

a A = LB films of 2PDI-TAZ deposited from pure water subphase.
b B = LB films of 2PDI-TAZ deposited from 1 mM barbituric acid subphase.
appears at 524 and 527 nm, while the 0–0 vibronic progression
is found at 559 and 563 nm in 2PDI-TAZ LB films from pure wa-
ter and barbituric acid solution, respectively. Compared to that of
dichloromethane solution, these absorptions are red-sifted, which
has also reported previously for the LB films of other PDIs [67–69].
The red shift of the main absorption bands has been attributed to
two possible reasons: one is related to an edge-to-edge ( J -type)
aggregation of the PDI molecules in the monolayer film, and the
other is attributed to conformational change of the PDI macrocy-
cle from nonplanar structures in solution to planar structures in
solid films. Judging from the limiting molecular area of the 2PDI-
TAZ on the surface of both water and barbituric acid subphase, it
is unlikely that the PDIs formed J -aggregates within the mono-
layer film. It is more reasonable to attribute the red shift of the
main absorption bands to a greater π -electron delocalization in
the film than in solution because of the more planar conforma-
tion of the macrocycle in the film. The absorption spectra of the
LB films deposited from the surface of water or barbituric acid
solution do not show large difference, suggesting similar packing
model for PDI molecules in the LB films with or without barbituric
acid.

The linear relationship between the layer number and the ab-
sorbance at 524 or 527 nm of 2PDI-TAZ LB films from both pure
water and barbituric acid solution was obtained, Figs. S3 and S4.
The fact suggests that the monolayer at air/water interface would
be transferred uniformly onto the substrate and the microscopic
environment of 2PDI-TAZ molecules remains unchanged with the
layer number.

3.6. Orientation of PDI ring in the transferred LB films

Polarized UV–vis absorbance of LB films has been widely used
in determining the orientation of a planar chromophore in LB
films previously. When the polarized direction of light is parallel
to the direction of the excitation dipole moment of the molecule,
an intense absorbance could be observed. Otherwise, a weak ab-
sorbance would be recorded. The polarized electronic absorption
spectra of 2PDI-TAZ on quartz deposited from pure water and bar-
bituric acid solution are shown in Fig. 7. An obvious dichroism
at incidence angles of both 0◦ and 45◦ was observed, implying
the alignment or anisotropy of the LB films in relation to depo-
sition plane. Assuming that the π–π∗ transition dipoles of the
0-1 band are uniformly distributed in the PDI ring plane [61,68],
the relative exact orientation angle (θ ) between the PDI plane and
the substrate surface normal can be calculated by the method of
Yoneyama [70]. The experimental results and the calculated θ are
summarized in Table 1. The tilt angles of the PDI rings in the
films deposited from either pure water or barbituric acid solu-
tion are both around 55◦ , supporting the edge-on configuration as
revealed by the π–A isotherms and the IR studies. The little bit
larger title angle presented by the films deposited from the surface
of barbituric acid solution relative to that deposited from water
surface might be attributed to the enforced hydrophilic property
due to the formation of hydrogen bonding between barbituric acid
and melamine headgroup. The enforced hydrophilic property will
keep the molecule close to the water surface while the repulsion
from aqueous subphase surface associated with hydrophobic PDI
Fig. 7. Polarized UV–vis absorption spectra of the LB films of 2PDI-TAZ deposited
from the surface of water (A) and 1 mM barbituric acid solution (B).

groups with long alkyl side chains push the whole molecule away,
and these two contrary interactions force the molecules to adapt
a more titled orientation on the surface of barbituric acid solu-
tion.

3.7. Low-angle X-ray diffraction

The quality of deposited LB films of 2PDI-TAZ has been further
assessed using a low-angle X-ray diffraction (LAXRD) technique.
The LB films of 2PDI-TAZ deposited from the surface of water or
barbituric acid solution give clear diffraction peaks in their low
angle region, Fig. 8. The existence of only a single diffraction peak
with its higher order diffractions indicates that the films are highly
ordered in a layered structure [71]. As shown in Fig. 8A, in the
2PDI-TAZ LB films deposited from the surface of water, two diffrac-
tion peaks at 2θ = 2.48 and 4.95◦ are the first- and second-order
diffractions corresponding to a spacing of 3.57 nm. As the LB films
of 2PDI-TAZ are Y type LB film, therefore the thickness of mono-
layer is 1.79 nm, which is significantly smaller than the length
of the molecule of 2PDI-TAZ. Comparison between these experi-
mental results and the dimension of the molecules leads to such
a conclusion that the molecules are packing with the molecular
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Fig. 8. Low angle X-ray diffraction patterns for the LB films of 2PDI-TAZ deposited
from the surface of water (A) and 1 mM barbituric acid solution (B).

plane titled with respect to the substrate. The hydrophobic flexi-
ble alkyl side-chains maybe tilted, folded, or interpenetrated in the
film as reported previously for other PDI films [58,72].

The LB films of 2PDI-TAZ deposited from the surface of barbi-
turic acid solution give similar LAXD diffraction patterns, indicating
similar layered structure and similar orientations of molecules in
solid film. This finding is in line with that deduced from the π–A
isotherm, UV–vis absorption, and polarized electronic absorption
spectroscopic studies. However, the thickness of the monolayer cal-
culated from the 2θ value (1.81 nm) is a little bit larger than that
found for the LB films deposited from water surface. This might
be ascribed to the complementary hydrogen bonding between bar-
bituric acid and melamine headgroup from 2PDI-TAZ which drive
the PDI rings take a more titled orientation as revealed by the po-
larized absorption spectra.

3.8. Fluorescence spectra

PDI is a kind of excellent fluorescent compound with fluo-
rescence quantum yield as high as 100% [73]. Their fluorescence
spectra are sensitive to the molecular structure as well as the en-
vironment, therefore they are useful tools for the investigation of
the structure of PDI thin solid films [19,74]. According to the pre-
vious research, a broad and weak excimer’s emission at longer
wavelength is expected for 2PDI-TAZ in solution [19]. However, the
fluorescence spectrum of 2PDI-TAZ in solution presents one strong
emission band at 578 nm with a shoulder at 626 nm (Fig. 9),
a typical emission of monomeric PDI [75]. But the fluorescence
quantum yield calculated for 2PDI-TAZ in CH2Cl2 solution is only
10%, which is remarkably smaller than that of monomeric PDIs.
We ascribed the emission of 2PDI-TAZ in solution to a mixture of
the emission from monomeric PDI and excimer. The monomeric
Fig. 9. Fluorescence spectra of 2PDI-TAZ in dichloromethane (excitation at 500 nm).

Fig. 10. Fluorescence spectra of 10-layer 2PDI-TAZ LB films deposited from pure
water (solid) and 1 mM barbituric acid subphase (dash) (excitation at 500 nm).

emission comes from trace of non face-to-face stacked 2PDI-TAZ
in solution and the excimer’s emission has been overlapped with
the monomeric PDI’s emission. This has been further supported
by the fluorescence lifetime measurements. Two fluorescence life-
times were detected for 2PDI-TAZ in solution with the short one
(3.73 ns) corresponding to the monomeric PDI’s emission while
the longer one (13.6 ns) corresponding to the excimer’s emis-
sion [76]. These results suggest an equilibrium between the face-
to-face stacked configuration and non face-to-face stacked config-
uration for 2PDI-TAZ in solution with the former as the domi-
nate species. The fluorescence spectra of 2PDI-TAZ in LB films are
shown in Fig. 10. No emission of the monomeric PDI was observed
in these spectra, implying that all the molecules were assembled
into face-to-face stacked aggregate [58,74].

4. Summary

The 2PDI-TAZ molecule containing two perylenetetracarboxylic
diimide and a melamine headgroup has very good amphiphilic
properties and can form very stable monolayer on the surface of
water and barbituric acid aqueous solution. The monolayer can
be transferred to the substrate by vertical dipping method to
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form multilayer LB films with highly ordered structure. The barbi-
turic acid in subphase can form hydrogen bonding with melamine,
which can enforce the hydrophilicity of 2PDI-TAZ and tune the ori-
entation of the molecules in solid films a little bit. The uniform
nanowires formed on the surface of both water and barbituric acid
solution driven by the strong π–π interactions as well as hydrogen
bondings were expected to offer an alternate approach in refining
the properties of the PDI materials.

High ordered organic semiconductor nanostructures provide
enormous prospective applications in optoelectronic devices. The
two kinds of LB films fabricated in this study are currently being
employed in the application studies involving both electrical and
optical properties. For example, the strong π–π stacking and the
long-range molecular organization would provide the resulted LB
films with feasibly detectable conductivity, which in turn is ex-
pected to be dependent on the local electrical field due to the
modulation on the π -electron delocalization. Such properties will
enable us to fabricate new types of field effect transistors and gas
sensors.
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