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Abstract

A new hybrid material bis(2,4,6-trihydroxy-1,3,5-triazin-1-ium) bischloride 

monohydrate (2C3H4N3O3
+.2Cl-.H2O) as a crystal has been synthesized and its structure 

was identified by single-crystal X-ray diffraction and studied by UV-Vis, FT-IR, FT-

Raman and 1H NMR. The crystal of 2C3H4N3O3
+.2Cl-.H2O belongs to monoclinic with 

C2/m space group system with Z = 4, a = 12.3845(9) Å, b = 17.6236(14) Å, c = 7.0260(5) 

Å and β = 115.341(2)°.  The UV–Vis spectrum shows that the compound is transparent in 

visible and UV near visible domains. The FT-IR, FT-RAMAN and 1H NMR spectra of 

the crystal were discussed on the basis of crystallographic structure and the results were 

coherent and provides spectroscopic evidence for the crystal formation. In addition, the 

thermal decomposition of 2C3H4N3O3
+.2Cl-.H2O  has been also studied by TGA/DTG and 

DSC techniques and reveals that the material has a good thermal stability with the melting 

point about 310 °C. 

Keywords: melamine; X-ray diffraction; FT-IR; FT-Raman; TGA; DSC

1. Introduction

Recent technological breakthroughs and the desire for new functions generate an 

enormous demand for novel materials. Nowadays, most of them that have already entered 

the market are elaborated and processed by using conventional soft based routes 

developed in the eighties. In recent years there has been great interest in the development 

of new solid energetic materials, especially propellants with low signatures. Crystal 

engineering has significant applications in the field of material science [1-18]. The 
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important role in construction of new crystals seems to be reserved for weak 

intermolecular interactions such as hydrogen bonds, desired properties for this class of 

compounds are a halogen free, nitrogen- and oxygen-rich molecular composition and high 

densities. The hybrid materials crystals containing s-triazine as organic part,  give 

improved hydrolytic and thermal stability [19], those compounds are six-membered 

heterocyclic aromatic rings consisting of three carbon atoms and three nitrogen atoms, the 

ring s-triazine is ‘‘planar’’ compound with the potential to form both single and double 

protonated cations and to participate in extensive hydrogen bonding. Also, the triazine 

ring is fairly resistant to electrophilic substitution, however, it may readily undergo ring 

cleavage with nucleophiles and is very sensitive to hydrolysis by water and other 

hydroxyl- compounds to a lesser degree [20,21].

Moreover, s-triazine many of its derivatives are used as pharmaceutical products 

[22], herbicides or building blocks in the field of supramolecular and coordination 

chemistry [23,24]. 

From all s-triazine-based compounds, 2,4,6-triamino-1,3,5-triazine commonly 

known as  melamine or cyanuramide is the most well known. Another important 

derivative is 2,4,6-trihydroxy-1,3,5-triazine better known as cyanuric acid. Melamine as 

well as their derivative can form hydrogen-bonded self-assemblies with specific surface 

structures, these assemblies have been used as surface templates in supramolecular 

chemistry [25-33]. It can be hydrolyzed via deamination reactions under strong acidic and 

alkaline conditions and form cyanuric acid (2,4,6-trihydroxy-1,3,5-triazine) [34,35]. 

Melamine, which has a unique structure and is known as an important raw material, is 

widely studied and used to form hybrid materials [36-43]. Those materials containing s-

triazine moiety as organic part, give improved hydrolytic and thermal stability [44]. 

Recent development shows that the melamine is an interesting molecule in the field of 

crystal engineering [36-43,45-48]. They are an important class of compounds due to the 

broad variety of their applications: they have over the years been subjected to extensive 

investigation by several researchers for their nonlinear optical properties, and have 

become an important area of research to build supramolecular structures of molecules via 

plusieurs liaisons hydrogène.

In our previous papers the molecular hybrid materials 

4C3H8N6
2+.2C3H7N6

+.5HPO4
2-.4H2O [43] and  4C3H5N3O3

2+.2C3H4N3O3
+.5HPO4

2-.4H2O 

[49] were synthesized using melamine as starting materials and studied. It was 

https://en.wikipedia.org/wiki/1,3,5-Triazine#cite_note-10
https://en.wikipedia.org/wiki/1,3,5-Triazine#cite_note-10
https://en.wikipedia.org/wiki/Cyanuric_acid
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demonstrated that in all these crystals have a good thermal stability and very rich 

intermolecular hydrogen bonds. 

Hence, as a continuation of our work on hybrid crystal based on s-triazine rings we 

have synthesized a new hybrid material crystal: Bis(2,4,6-trihydroxy-1,3,5-triazin-1-ium) 

bischloride monohydrate, further, the molecular structure were affined by single crystal 

X-ray diffraction and 1H NMR spectroscopy, various molecular vibration were assigned 

to the affined structure using FT-IR and FT-Raman spectroscopies, at the last, the thermal 

behavior was characterized by TGA/DTG and DSC techniques.

2. Experimental procedure

2.1. Synthesis and crystallization

The starting compounds, melamine (Aldrich, 99%) and hydrochloric acid (Aldrich, 

37%) were used as supplied. The dissolved acid was added to the hot aqueous solution of 

melamine with the help of dropper, then the reaction mixture was brought to reflux under 

magnetic stirring. After 6 h of refluxing, the solution allowed to cool at room temperature, a 

white precipitate was formed, collected by filtration, then thoroughly washed with pure 

ethanol to remove the presence of impurities, and crystals were grown from aqueous solution 

using slow solvent evaporation process. The colorless and transparent crystals were formed 

during six days. Then, the chemical structure of the compound obtained (Scheme 1) was 

identified by single-crystal X-ray diffraction analysis.

N
+

N

N

OH

OH OH

H

2 . 2Cl- . H2O

Scheme 1. Chemical structure of 2C3H4N3O3
+.2Cl-.H2O.

2.2 Characterization

The synthesized compound has been subjected to various characterization studies : 

single crystal X-ray diffraction, UV-Vis, FT-IR, FT-Raman and proton NMR. Wile, 

thermal analysis was performed by means TGA/DTG and DSC.

2.2.1. Single crystal X-ray diffraction
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A colorless single crystal of the of the compound 2C3H4N3O3
+.2Cl-.H2O having 

the edges of 0.45*0.23*0.14 mm3 was mounted on a APEXII Bruker-AXS diffractometer 

for data collection, equipped  with the graphite monochromator (MoKα1 radiation 

source, λ = 0.71073 Å) and x/2h scan mode with CCD detector, from: Center for 

Diffractometry (CDIFX), University of Rennes 1, France. 

A crystal of good quality was selected its structure was solved by the direct 

methods using SHELXT (Sheldrick, 2015). Successive refinements based on F2 lead to a 

reliability factors of R = 0.048. Anisotropic thermal factors were determined for all non-

hydrogen atoms. The hydrogen atoms were located from the difference Fourier maps and 

their positions and isotropic thermal parameters were refined.  

The X-ray crystallographic data for the structure reported in this paper have been 

deposited at the  “Cambridge Crystallographic Data Centre” (CCDC) according to the 

reference number 1484127. 

2.2.2.  Spectroscopic measurements

The vibrational measurements were performed at room temperature. The UV–Vis 

spectral analysis was carried out in distilled water between 200–900 nm using a JASCO 

V-650 spectrophotometer with quartz cells of 1 cm path length. Fourier transform infrared 

(FT-IR) spectrum was taken on Perkin Elmer Spectrum one FT-IR spectrometer with the 

diffuse reflectance attachment (Miracle Attenuated Total Reflectance Attachment). 

Resolution was set up to 4 cm-1 resolution in the region 4000-600 cm-1. FT-Raman 

spectrum was obtained on μ-Raman type Labram confocal de Jobin-Yvon with a 

resolution of 4 cm-1 in the region 3700–50 cm-1. 1H NMR spectrum of the synthesized 

compound was recorded using DMSOd6 as solvent using Me4Si (TMS) as internal 

standard on a Bruker Avance III 400 MHz spectrometer. 

2.2.3 Thermal analysis

Thermal behavior of 2C3H4N3O3
+.2Cl-.H2O synthesized was provided in a 

simultaneous thermogravimetric analysis and differential thermal analysis (TGA–DTG) 

and a differential scanning calorimetry (DSC) cell. The temperature precision of the 

thermobalance and of the DSC cell was ±2 and ±0.2 °C correspondingly instrument using 

a Perkin Elmer TGA 4000, under nitrogen atmosphere, with a heating rate of 10 °C/min in 

the temperature range of over 30–1000°C.

3. Results and discussion

6B%20_computing_structure_solution
6B%20_refine_ls_R_factor_gt
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3.1. X-ray diffraction results 

Details of the data collection parameters, crystallographic data and final agreement 

parameters are tabulated in Table 1. 

Table 1. Crystal data, data collection and structure refinement details.
Crystal data

Molecular 
formula

2C3H4N3O3
+.2Cl-.H2O

Molecular 
weight

349.15  g.mol-1

Crystallin 
system

Monoclinic C2/m

Dx 1.702 Mgm−3

Form Prism, colourless
Cell parameters

a
b
c
β

12.3845 (9) Å
17.6236 (14) Å
7.0260 (5)  Å
115.341 (2)°

T 150 K
Z 4
V 1385.93 (18) Å3

µ 0.51 mm−1

F(000) 736

The asymmetric unit of title crystal is shown in Figure 1(a),  it is made up by a two 

singly protonated at N atom of cyanuric acid (2CA+) cations, two chloride (2Cl-) anions 

and one water molecule, a research for structures containing (CA+) or (CA2+) yield are 

rare [49]. The cyanuric acid cations rings are distorted from ideal hexagonal form, the 

figure 1(b) shows the interatomic length and internal angle values of the triazine of one 

formal asymmetric unit, the difference can be explained by the lone pair electron steric 

effect, that is in a good agreement with the theory of the valence-shell electron pair 

repulsion (VSEPR) [50], also, it is seen one the same figure, that the triazine rings exhibit 

symmetry axes.

Data collection
Rint 0.022
Radiation source Mo(Kα)

λ = 0.71073 Åh
k
l

−16→15
−22→22
−6→9

θmax, θmin 27.5°, 3.2°
Measured reflections 4960
Independent reflections 1640
reflections with I>2.0σ(I) 1364

Refinement
R[F2> 2σ(F2)] 0.048
wR(F2) 0.156
(Δ/σ)max 0.010
Δρmax,  Δρmin

Δρmin

0.62,-0.68eÅ−3

−0.59 e Å−3Parameters number 127

6B%20_chemical_formula_moiety
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(a)   (b)

Hydrogen ChlorineOxygenCarbon Nitrogen

Figure 1.  (a) asymmetric unit (b) geometry of s-triazine ring in the asymmetric unit.

Four asymmetric unit Z = 4 form a monoclinic unit cell system (figure 2(a)), with C2/m 

space group and the lattice parameters a = 12.3845(9) Å, b = 17.6236(14) Å, c = 

7.0260(5) Å and β = 115.341(2)°, in addition the unit cell is non-centrosymmetric, but 

characterized by two inversion centers at the positions (000) and (¼ ¼ 0), and also, a 

mirrors perpendicular to (010) planes. The crystalline structure is maintained principally 

by various intermolecular weak hydrogen bonds type, we compute 44 hydrogen bonds 

just in one unit cell, the first hydrogen bond type connects the organic and the inorganic 

parts of the compound and is of the type OH∙∙∙O, with donor acceptor length 2.923Å, 

observed between the hydroxyl group of the organic and the oxygen of water molecules 

of the inorganic parts, the second type is NH+∙∙∙O between triazine rings, with donor 

acceptor length 3.052Å, those last form planar chain along (Oa) direction as shown in 

figure 2(b), moreover, along (Oc) direction the triazine rings form a stacking and creat an 

intermolecular interactions between parallel aromatic π-systems [51] (figure 2(c)) 

inducing a parallelism of the triazine chains. The last hydrogen bond maintains the 

inorganic part molecules of the type OH∙∙∙Cl- between water molecules and charged 

chloride anions molecules, with two corresponding donor acceptor lengths 3.156Å and 

3.161Å.
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(b)

(c)

Hydrogen ChlorineOxygenCarbon Nitrogen

Figure 2. (a) unit cell with hydrogen bonds system (b) planar chain along (Oa) direction 

(c) staking of triazine rings along (Oc) direction.

Also, each chloride anions form four hydrogen bonds, relating two unit cells via lateral 

faces of the monoclic system as shown in figure 3(a), two bonds of the type OH∙∙∙Cl- in 

the same unit cell and the two authors of the type NH∙∙∙Cl- with the adjacent unit cell, the 

corresponding donor acceptor lengths are 3.257Å and 3.251Å respectively. At the end, all 

hydrogen bond form a three dimensional layered network as shown in figure 3(b).

(a)  (b)

Hydrogen ChlorineOxygenCarbon Nitrogen

Figure 3. 3D network (a) Ocb view (b) Oab view.

3.2. Vibrational studies
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3.2.1. UV-Vis 

The electronic absorption spectrum of 2C3H4N3O3
+.2Cl-.H2O in distilled water 

(figure 4) proves that the crystal is transparent in the visible and UV near visible ranges. 

Moreover, two bands in the UV region are visible, maximized at 204.8 nm and 235 nm 

are assigned to π → π* and n → π* transition respectively.
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Figure 4. UV-Vis spectrum in distilled water.

3.2.2. FT-IR and FT-Raman studies

The bands observed in infrared and Raman spectra of 2C3H4N3O3
+.2Cl-.H2O are 

given in figures 5 and 6 respectively, arise from internal vibrations of single protonated 

cyanuric acid cations, chloride anions, the vibrations of water molecule and the vibrations 

of hydrogen bonds and from the vibrations of lattice. The significant infrared and Raman 

bands of the compounds synthesized are given in Table 2.
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Figure 5. FT-IR spectrum.
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Figure 6. FT-Raman spectrum.

The FT-IR spectrum shows the disappearance of amine groups and appearance of 

new broad bands both originating from the vibrations of water molecule, as well as bands 

from the vibrations of OH groups of single protonated cyanuric acid cations are present in 

the region 3700–3300 cm-1, whereas the band observed at 1649 cm-1 is assigned to the 

bending mode of OH. The Raman broad weak bands observed at 3312 and 3181 cm-1 are 

assigned to ν(O-H) stretching and its bending at 1623 cm-1. Moreover, the hydrogen 
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bonds were appeared at 3109 cm-1 in IR spectrum, and in  Raman they were observed at 

3113 cm-1. The IR bands corresponding to ring stretching vibrations appeared in the range 

1541-1370 cm-1, and the weak bands at 1146 cm-1 and 999 cm-1 are assigned to triazine 

ring breathing mode of vibration [52]. Their weak Raman bands counterparts are seen at 

region 1570-1360 cm-1, 1150 cm-1 and 1007 cm-1. While the weak Raman bands located 

at 983 cm-1 was due to triazine ring N in-plane radial type of vibration [53,54]. This peak 

usually occurs in between 969–992 cm-1 and present in all melaminium [43,55], single 

protoneted cyanuric acid (CA+) and  doubly protoneted cyanuric acid (CA2+) [49] it 

originates from the symmetric vibrations of s-triazine ring. The strong band at 101 cm-1 is 

due to lattice vibration.

The strong intense peak at 689 cm-1 is attributed to symmetric type of vibration of triazine 

ring [55] which is found in all melamine complexes [43,54-59] and singly or doubly 

protonated cyanuric acid [49]. Ring bending and ring quadrant out-of-plane were 

appeared at 561 cm-1 [43,49,53] and 379 cm-1 [43,49,54] respectively. All this assignment 

bands agree well with XRD analysis.

Table 2. FT-IR and FT-Raman vibrationnal wavenumbers (cm-1) and assignements.
FT-IR (cm-1) FT-Raman (cm-1) Assignments

3680 O–H stretching of water        
3314 3312 O–H stretch of CA+

3181 O–H stretch of CA+

3109 3113 Vibrations of hydrogen bonds O–H…O stretch
2956 O–H stretch CA+

1675 H2O in plane bend
1649 1623   O–H Bending type of vibration                                                                  
1541 1567 Ring: quadrant stretching; NCN bend
1500 1506 Ring: semi-circle stretch 
1363 1341 C−O stretch
1216 C−OH in alcohol, C−O stretch
1146 1150 Ring: semi-circle stretch
999 1007 Triazine ring vibration breath

983 Triazine ring N, in phase radial type of vibration
769 Ring sextant out of plane bending 

689 Symmetric type triazine ring
585 Ring bending type of vibration
561 Ring bending type of vibration
379 Ring: sextant out-of-plane ben
132 Lattice vibration
101 Lattice vibration

3.2.3. 1H NMR studies

According to the crystal structure, the 1H NMR spectrum of 2CA+.2Cl-.H2O 

(figure 7) exposed two singlets peaks at 7.85 ppm and 3.43 ppm are attributed to the –OH 
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of the mono-cyanuric acid cations and to water molecule respectively. Furthermore, The 

peak appeared at 2.50 ppm is due to the residual protons of deuterated DMSOd6 solvent.
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Figure 7. 1H NMR spectrum.

3.3.Thermal behavior 

3.3.1. Thermogravimetric studies 

TGA/DTG curves recorded for the synthesized 2CA+.2Cl-.H2O is shown in figure 8. 
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Figure 8. TGA curve (blue) and DTG curve (red).

TGA curve shows that this compound is stable until 207 °C. It is seen from the 

figure that the decomposition of 2CA+.2Cl-.H2O occurred in two stages involving 

dehydration and decomposition. There was mass loss of 5.23 % observed around 100°C 

which indicated the presence of water molecule in 2CA+.2Cl-.H2O was eliminated from 
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the structure, and the corresponding DTG peak was obtained at 80 °C. Whereas, the 

second stage of decomposition was accompanied by a rapid weight loss that take place in 

the temperature range of between 207 °C and 322 °C, with a weight loss of 94.77 %. 

There is a sharp weight loss presented on TGA curve, corresponding to a single peak at 

310 °C on DTG curve suggest that there is no other processes of decomposition, except 

transition from solid to liquid state which is designated as melting point and this occurs at 

310 °C as indicated in figure 8. 

3.3.2. Differential scanning calorimetry (DSC) studies

The DSC was performed for the title crystal in the temperature range (30–1000 

°C), the thermogram is shown in figure 9,  and exhibits two endothermic peaks at 89 °C 

and 310 °C, those peaks are correlated with TGA analysis results.
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Figure 9. Differential scanning calorimetry curve.

Conclusion

Bis(2,4,6-trihydroxy-1,3,5-triazin-1-ium) bischloride monohydrate 2C3H4N3O3
+. 

2Cl-.H2O is a novel hybrid material was synthesized from the reaction of melamine and 

HCl, the corresponding crystals were grown from aqueous solution employing the 

technique of controlled evaporation, while its chemical structure was investigated by 

means of single crystal X-ray diffraction. The UV–Vis spectrum shows it has a good 

optical transmittance in the entire visible region. Vibrational spectroscopic FT-IR, FT-

Raman and NMR analysis of the hybrid material are studied and are in the good 

agreement between spectroscopic and X-ray data is observed and confirms the structure of 
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the compound. From the thermal analysis, it is found that the melting point of the crystal 

was 310 °C, and shows thermal stability up to 207 °C. From this it is identified that this 

hybrid compound have more thermal stability and this enables the suitability of the crystal 

for thermal applications.
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Highlights

- New hybrid material 2C3H4N3O3
+. 2Cl-. H2O was synthesized.

- It crystallizes in monoclinic system with C2/m space group. 

- The cations are joined with anions and water molecule via hydrogen bonds.

- FTIR, FT-Raman and NMR studies of the compound were carried out.

- Thermal stability is up to 207 °C.


