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Abstract: Self-assembled microwires of terephthalic acid (TPA) and melamine are prepared through
the evaporation of water in a solution mixture of TPA and melamine. The microwires were
characterized by using scanning electron microscope (SEM), attenuated total reflection infrared
(ATR-IR) spectra, and cross-polarized optical microscopy (CPOM). The TPA•M microwires showed
semi-conductive properties.
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Introduction

Many inorganic and organic complexes have been prepared under varying conditions in order
to enable the self-assemblage of micro- and nanostructures [1,2]. ‘Supramolecular chemistry’ refers
to chemicals systems that are made up of self-assembled molecular components through weaker
noncovalent interactions between molecules [3,4]. The potential applications for these structures are
largely uncharted, but could be useful if applied properly to fields such as electronics or biological
medicine. Depending on the compounds used, the fibers that compose these structures can vary
in diameter, length, structure, and other characterizing properties [5–8]. In our previous work,
we assembled an array of well-defined hexagonal nanopillars of cyanuric acid (CA) and melamine
complex on a gold surface by means of a solvent evaporation approach [9].

In this work, we prepared a crystalline microwire of melamine (M) with terephthalic acid (TPA)
(Figure 1) by using a similar approach. The noncovalent interactions between these compounds
when mixing, largely due to hydrogen bonding, could be observed. Furthermore, these interactions
can be successfully produced at room temperature under normal conditions. Here we report
the self-assemblage of melamine with terephthalic acid and some properties of the resultant
fibrous microstructure.
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Many inorganic and organic complexes have been prepared under varying conditions in order 
to enable the self-assemblage of micro- and nanostructures [1,2]. ‘Supramolecular chemistry’ refers 
to chemicals systems that are made up of self-assembled molecular components through weaker 
noncovalent interactions between molecules [3,4]. The potential applications for these structures are 
largely uncharted, but could be useful if applied properly to fields such as electronics or biological 
medicine. Depending on the compounds used, the fibers that compose these structures can vary in 
diameter, length, structure, and other characterizing properties [5–8]. In our previous work, we 
assembled an array of well-defined hexagonal nanopillars of cyanuric acid (CA) and melamine 
complex on a gold surface by means of a solvent evaporation approach [9]. 

In this work, we prepared a crystalline microwire of melamine (M) with terephthalic acid (TPA) 
(Figure 1) by using a similar approach. The noncovalent interactions between these compounds when 
mixing, largely due to hydrogen bonding, could be observed. Furthermore, these interactions can be 
successfully produced at room temperature under normal conditions. Here we report the self-
assemblage of melamine with terephthalic acid and some properties of the resultant fibrous 
microstructure. 

 
Figure 1. Molecular structure of terephthalic acid (left) and melamine (right). 
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Figure 1. Molecular structure of terephthalic acid (left) and melamine (right).
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In our experiments, 1 × 10−3 M TPA and melamine water solution were prepared in advance.
A 10-mL sample of TPA and melamine solution was mixed in a 2:1 ratio in a V-shaped vial. The vial was
left alone at room temperature for the water to evaporate until the volume of the solution decreased to
0.1 mL. The microwires of TPA and melamine were collected on a porous Al2O3 filter membrane (pore
size 0.2 µm) for analysis. Figure 2 shows a scanning electron microscopy (SEM) image of microwires of
TPA•M complexes. The diameter of these wires is of 2–5 µm and the length is up to mm. These wires
do not disintegrated in water after formation.
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Figure 2. A SEM image of 2:1 TPA•M microwires. Insert shows an optical image of the wires.

Figure 3 shows the infrared spectra of melamine powder, TPA powder, and TPA•M microwires.
In the IR spectrum of the melamine powder, the major transmission peaks of the IR spectrum appear
at 3500–3000 and 1700–1300 cm−1. The peaks at 3472 and 3420 cm−1 are typical NH2 stretch peaks of
melamine. For the TPA powder, the characteristic peaks appear at 1666, 1282, and 925 cm−1, which are
attributed to C=O stretching and COO− bending [10]. In particular, the peak at 925 cm−1 is assigned
to the formation of TPA dimmer via hydrogen bonds. Compared to the IR spectra of TPA, the peak at
925 cm−1 disappears, suggesting the formation of hydrogen bonds between COO− in TPA molecules
and NH2 in melamine molecules in the microwires. The appearance of a broad band around 3000 cm−1

is attributed to the inclusion of water molecules in the hydrogen-bound network of melamine and TPA
in the microwires [11,12].
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Figure 3. Infrared (IR) spectra of melamine, TPA, and TPA•M.
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We could not obtain the crystal structure of the TPA•M microwires because their diameter is
not large enough for X-ray diffraction (XRD) measurement. The crystalline property of the TPA•M
microwires obtained from water solutions could be determined by cross-polarized optical microscopy
(CPOM). Figure 4A shows the illumination intensity of CPOM images of TPA•M microwires changes
on adjusting the angle between the microwire and the polarization light. The intensity increases
significantly from 0◦ to 45◦ angles. The intensity versus the angle (Figure 4B) shows four similar
profiles in a 360◦ circle. The intensity changes from the minimum to the maximum every 45◦.
This periodical change of the intensity vs. the angle suggests the birefringent crystallinity of the TPA•M
microwires [13,14], in which there are two distinct indices of refraction resulting in the splitting of one
light beam into two beams.
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Figure 4. (A) A cross-polarized optical microscopy (CPOM) image of TPA•M microwires.
(B) Brightness versus the angle between the direction of the polarization light and the long axis
of a TPA•M microwire.

Figure 5 shows the conductivity of a single TPA•M microwire at 25 ◦C. The microwire
shows a semi-conductive property in dry N2 at 25 ◦C. The conductivity originates from electron
transportation. Out of five tested samples, two TPA•M microwires showed undetectable conductivity,
i.e. signals not distinguishable from the noises, while the other three showed conductivity from
0.01 mS·cm−1 to 0.017 S·cm−1. This inconsistivity may be caused from defects or cracks in the
TPA•M microwires. Avoiding defects is indeed the greatest challenge to develop electronics based on
supramolecular systems.
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In this short communication, we report the formation of a crystalline, semi-conductive TPA•M
microwire by means of a facile self-assembly process and some properties of the resultant microwire.
Our current efforts focus on fine-tuning interaction conditions, such as slower evaporation and higher
concentrations, in order to grow wider wires for XRD. We are also investigating the orientation of
molecules in the wires, the mechanism of the electron conductivity, and the correlation between the
conductivity and the structures of the microwires. These studies will be reported in due course.
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