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Introduction

Supramolecular chemistry has been receiving a great deal of  
attention due to the synthesis of  structures with well-defined 
architectures via non-covalent interactions between individual 
components [1-6]. Hydrogen bonding along with self-assembling 
is responsible for the formation of  important architectures 
like DNA and protein folding. Recently, we reported several 
supramolecular structures involving various non-covalent 
interactions like hydrogen bonding, pi-pi stacking, and chelation 
of  metal ions [7-10]. Of  these interactions, hydrogen bonding 
is pivotal and is greatly employed in the formation of  artificial 
supramolecules. In this article we report the synthesis and 
characterization of  self-assembled complexes between alloxan 
monohydrate and melamine via hydrogen bonding.

Experimental

Alloxan monohydrate 98% (CAS#2244-11-3) was purchased 
from ALFA AESAR chemicals and Melamine (CAS#108-71-1) 
was purchased from Eastman Chemical Co. A solution of  alloxan 
monohydrate in water was added to a hot aqueous solution of  
melamine. The solution was evaporated at room temperature to 
yield a white colored solid with an unusual glossy surface. SEM 
analysis of  the complex was carried out using a Hitachi S-4800 
Scanning Electron Microscope. Vibrational spectra of  the 
complex were recorded on a Nexus FTIR spectrophotometer. 
The thermal stability of  the complexes has been obtained on a 

METTLER TOLEDO DSC 823 instrument.

Results and Discussion

SEM analysis has been carried out on the complexes formed 
between alloxan monohydrate and melamine at different ratio. 
Complexes from 1:1 ratio and 5:1 ration show strips with the 
width ranging from 1.25 to 10 µm and the length extending to 
hundreds micrometers. The complex from 1.5:1 ratio seems to 
show microwires with a diameter of  about 2-3 µm. The wires 
were sporadic, which made the isolation of  wires very difficult.

Figure 2 shows the IR absorption spectrum of  a complex 
comparing to the IR spectra of  the compounds melamine and 
alloxan monohydrate alone. The peaks and their attributions are 
listed in Tables 1 and 2 according to literatures [12, 13].

The major group in alloxan participating in the hydrogen 
bonding is the carbonyl group (C=O) at 1705 cm-1, However, 
no peak shift was observed, probably because C=O in alloxan 
alone was not free, but hydrogen-bonded with NH groups in 
other alloxan molecules. At around 3300 cm-1, a broad intense 
peak was observed, which is due to the hydrogen bonded NH 
and OH vibrations. This peak was shifted to around 3350 cm-1, 
which could contribute to new hydrogen bonded NH and OH 
vibrations in the melamine-alloxan complex. 

In melamine, both 3470 cm-1 and 3416 cm-1 are due to the free 
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Abstract

In this short communication we report the synthesis and characterization of  self-assembled complexes that are hydrogen-
bonded between alloxan monohydrate and melamine. The complexes were characterized by using the scanning electron 
microscopy, the infrared spectroscopy, and thermal calorimetry. 
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Figure 1. SEM images of  complexes of  alloxan monohydrate and melamine starting from various ratios. (a) 1:1 ratio. (b) 
1:5 ratio. (c) 1.5:1 ratio. (d) cross-section of  a single wire from the 1.5:1 ratio. It’s noted that the ratio referred to the starting 

ratio, but not the ratio in the complexes.
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Figure 2. IR spectrum of  the 1:1 complex comparing with its parent compounds.
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Table 1. Vibrational frequencies in alloxan monohydrate.

Peak Position (cm -1) Type of  Vibration Peak Shift to in the complex (cm -1)
3300 NH and OH stretching 3350
1705 C=O stretch 1705
1150 Ring stretch 1058

Table 2. Vibrational frequencies in melamine.

Peak Position (cm -1) Type of  Vibration Peak Shift in Complex (cm -1)
3470 and 3416 Free N-H stretching 3400 and 3345

3320 Associated N-H stretching 3245
1651 N-H scissoring 1620

1550 and 1435 Ring stretch 1525 and 1398
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asymmetric stretching –NH groups. They shifted to 3400 cm-1 
and 3345 cm-1 in the complex. There was also a shift of  3320 
cm-1 peak of  melamine to 3245 cm-1. This corresponded to the 
associated symmetric stretching of  -NH groups in melamine. The 
peak around 3400 cm-1 is board and intense, suggesting water 
molecules might also contribute to the infrared absorption in this 
area, i.e. water molecules were involved in the complex, which 
was confirmed by the thermal analysis. It is noteworthy that the 
FTIR spectra of  complexes from other ratios were similar to that 
of  the 1:1 ratio, suggesting a similar crystal structure, although 
the exact crystal structure is not solved yet due to the size of  the 
microstructures. 

Differential Scanning Calorimetry Results

Differential Scanning Calorimetry (DSC) of  the complexes has 
been carried out for the complexes on a METTLER TOLEDO 

DSC 823 instrument. All the experiments were performed for a 
temperature range of  25°C to 600°C. 

Figure 3 shows the DSC curves of  alloxan monohydrate, melamine 
and the complex from the 1:1 ratio [14]. It has been reported that 
alloxan monohydrate melts when the temperature is greater than 
250°C and then decomposes then. One interesting observation 
is that it loses water molecules incorporated into its structure at 
about 160°C. Melamine melts at 350°C and then it decomposes 
over a range of  100°C between 350 to 450°C. The endothermic 
peak at 350°C confirms this and the endothermic peak following 
is the conversion of  melamine to melam.

The DSC curve of  the complex shows an endothermic peak at 
85°C, which corresponds to the loss of  water molecules. The 
temperature is lower than 100°C, suggesting these water molecules 
are freely trapped in the lattice but not coordinated in the 

Figure 3. DSC results of  alloxan monohydrate, melamine, and the A-M complex prepared from the 1:1 ratio. 
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network. Another endothermic peak is observed at 140°C which 
can be accounted to the loss of  water which is coordinated in the 
complex. The complex melts and decomposes after 350°C. The 
peaks were not due to phase transitions since the peaks couldn’t 
be found in the cooling curves. The DSC of  complexes from 
other ratios were similar to that of  the 1:1 ratio, also suggesting 
a similar crystal structure for complexes prepared from different 
ratios.

Conclusion

Our preliminary study shows that alloxan and melamine form 
complexes when mixed in aqueous solutions. The crystal 
structure is under investigation, but the FTIR and DSC results 
suggest the presence of  hydrogen bonding network between the 
two chemicals.
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