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Abstract 
 
 

Single crystals of the new cyclohexaphosphate [C4H16N3]2P6O18. 3H2O were 
synthesized in aqueous solution. This compound crystallizes in a P1 triclinic unit cell 
with the following parameters: a = 8.416(5), b = 10.1117(12), c = 17.531(2) Å,  = 
75.04(3),  = 77.905(14),  = 89.53(5)°, V = 1407.7(9) Å3 and Z = 2. Crystal 
structure has been determined by X-ray diffraction and refined to R = 0.065 using 
8477 independent reflections. Atomic arrangement can be described by thick layers 
built by POଵ଼

ି anions and water molecules. The organic entities are anchored 
between these layers through multiple H-bonds which connect the different species 
giving rise to a three-dimensional network. 
 

 
Keywords: chemical preparation; crystal structure; infrared spectroscopy; thermal 
analysis 

 
1. Introduction 
 

The development of condensed phosphate materials, which have practical 
applications as catalysis, fertilizers, biotechnological materials and sorbents [1, 2], 
continues to be of primary interest in industrial and university laboratories [3]. So to 
benefit from these materials, it is very useful to have a good knowledge of their 
structural characteristics in order to understand and establish a correlation with their 
properties. In this work, we report synthesis, crystal structure, and characterization by 
IR spectroscopy and thermal analysis of the new cyclohexaphosphate of organic 
cation [C4H16N3]2P6O18. 3H2O. 
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2. Experimental 

 
2.1. Synthesis 

 
Colorless plates of (I) were isolated by reacting drop wise dilute 

cyclohexaphosphoric acid (20 ml, 2.6 mmol) with an ethanolic solution of 
diethylenetriamine and o-anisidine in a molar ratio of 1:1 respectively and under 
continuous stirring, in an attempt at synthesizing a mixed organic 
cyclohexaphosphate. The cyclohexaphosphoric acid H6P6O18, was produced from 
Li6P6O18. 6H2O, prepared according the Schülke process [4], with an ion-exchange 
resin in H-state (Amberlite 120). When the diethylenetriamine used alone we obtain 
another cyclohexaphosphate [NH3-(CH2)2-NH2-(CH2)2-NH3]2P6O18. 2H2O [5, 6]. 

 
2.2. Characterization 
 
2.2.1 X-ray Diffraction 

 
A single crystal was used for X-ray measurements. The intensity data 

collection was performed with a MACH3 Enraf-Nonius diffractometer operating at 
292 K with the wavelength K (Ag)=0.5608 Å. Structure was solved by direct 
methods using the SIR92 [7] program and refined by full matrix least-squares 
techniques based on F2 with SHELXL software [8]. All non-hydrogen atoms were 
refined anisotropically. The hydrogen atoms were constrained to calculated positions 
and refined using riding models. Relevant crystallographic structure data and 
refinement details are presented in Table 1, selected bond distances and angles in 
Table 2. 
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2.2.2 Infrared Spectroscopy 
 
The IR spectrum was recorded in the range 4000 - 400 cm-1 with a ‘Spectrum 

1000 Perkin–Elmer’ spectrophotometer using samples dispersed in spectroscopically 
pure KBr pellets. 
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2.2.3 Thermal Analysis 
 
Thermal Analysis was performed using the multimodule 92 Setaram analyzer 

operating from room temperature up to 400°C at an average heating rate of 5°C/min. 
The weight of the sample was 7.65 mg. 

 
3. Results and Discussion 
 
3.1. Structure Description 
 

Structure of the organic cyclohexaphosphate [NH3-(CH2)2-NH2-(CH2)2-
NH3]2P6O18.3H2O (I) consists of cyclic POଵ଼

ି units, watermolecules and 
diethylenetriammonium molecules (Fig. 1). The asymmetric unit consists of two half 
anions, two cations and three water molecules. 

 
 

 
 

(I) 
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Fig. 1: Ortep view of the cyclohexaphosphoric anions and the independent 
organic cations of (I) with the atom-labeling scheme. P6O18 phosphoric rings 
are generated by inversion centers G1 and G2. Displacement ellipsoids are 

drawn at 40 % probability level. [Symmetry code: x, y, z]. 
 

 

The 3D framework is built up from parallel layers of anionic POଵ଼
ି rings 

connected via hydrogen bonds from water molecules (Fig. 2). The protonated organic 
cations are displayed in the interlayer spaces compensating their negative charges and 
participate in the Hydrogen bonding scheme with N-H…O interactions, assuring the 
cohesion of the network as shown in Fig. 3 and Table 3. 
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Fig. 2: Projection Along the a-axis of the atomic arrangement in 
[C4H16N3]2P6O18. 3H2O showing Hydrogen-bond scheme connecting 

phosphoric rings 
 
In this atomic arrangement, coexist two independent POଵ଼

ି phosphoric rings 
which are located around the (1/2, 1/2, 1/2) and (1/2, 0, 0) inversion centers. Each 
one is centrosymmetric, thus it is built by only three independent POସ

ଷି tetrahedra. 
Interatomic distances and bond angles in these anions are in accordance with the 
literature data [9, 10]. Averages of the P-O-P and P-P-P angles are 132.3° and 109.2°, 
respectively. These values are similar to their equivalents in some others 
cyclohexaphosphates [11, 12]. 
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Fig. 3: Structure of [C4H16N3]2P6O18. 3H2O Along the B-Axis Showing the 
Position of the Amine. Dotted Lines Represent the Various Hydrogen Bond 

Interactions 
 
Nevertheless, this distortion is comparatively far from what is reported either 

in Cs6P6O18. 6H2O [13] or in higher phosphoric rings as in (gua)10P10O30. 4H2O [14], 
which shows the greatest distortion for the P-P-P angles ranging from 99.5 to 145.9o. 

This wide range of values can probably explain the pronounced distortion observed 
for the big rings compared with their smaller ring analogues. 

 
Two independent organic groups exist in the asymmetric unit. A statistical 

disorder affects one molecule. In this latter, some atoms (N1, C1, C2, C3, C4) have 
relatively high thermal factors, while the Nitrogen atoms N2 and N3 have a static 
disorder, being split into two fragments, N2A, N2B and N3A, N3B respectively with 
various occupancy rates (0.65, 0.35, .0.45, 0.55) respectively.  
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Unlike what can be expected this disorder does not induce, as it can be 
supposed from interatomic bonding calculations, unusual C-C distances and C-C-C 
angles since they are in accordance with values observed for the same cation in others 
compounds [15, 16]. This kind of disorder is also observed in the related structure of 
[C6H5NH3]6P6O18. 6H2O [17]. 

 
Examination of water molecules, involved in the structure, shows that O3W is 

disordered over two positions, O3WA and O3WB with occupancy rates of 0.55 and 
0.45 respectively. 

 
It should be noted that diethylenetriamine (DETA) has been involved in 

several anionic matrices, in particular phosphate anions such as HPOସ
ଶି [15],  PସOଵଶ

ସି  
[16] and POଵ଼

ି  [5, 6]. The comparison of this structure with those published 
elsewhere [5, 6] shows that these structures have a similarly typical layered 
organization and the same protonation of the organic cations. Furthermore, they are 
built up by a large number of similar hydrogen bonds formed between R-NH3 
groups, H2O molecules and phosphoric anions. In spite of these similarities, they 
present several differences in their crystal data, internal symmetry of the 
cyclohexaphosphoric anions and particularly the geometry of the phosphoric rings 
which shows significant distortion for the P-P-P angles and the 
diethylenetriammonium which has different conformations. 
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3.2 IR spectroscopy 
 
The infrared spectrum (Fig. 4) shows: 

 
* Broad bands in the range of 3400-2900 cm-1 which are assigned to O–H 

stretching of water molecules as well as to NH2 and CH2 stretching vibrations. The 
broadness of the corresponding bands is indicative of the formation of hydrogen 
bonds of varying strengths in the structure. The observed bands in the 1680-1350 cm-

1 region, were due to the bending vibrations of O–H, CH2 and NH2 [18, 19]. 
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* Various stretching and bending vibration bands, observed in the range 1350-
600 cm-1, are characteristics of cyclohexaphosphoric anion [20]. In this type of anion, 
the vibrations of the O-P-O groups appear at relatively high frequencies in the 1200-
1300 cm-1 region. Those corresponding to the P-O-P groups give rise to a broad band 
as at about 960 cm-1 and a doublet s between 800 and 700 cm-1. Frequencies below 
670 cm-1 are attributed to the bending, the translation and the rotation of the POଵ଼

ି  
ring. C-C bending and NH3 torsion may occur in this region. 

 

 
 

Fig. 4: IR Absorption Spectrum of [C4H16N3]2P6O18 .3H2O 
 

3.3 Thermal Analysis 
 

Fig.5 shows the thermal gravimetric (TG) and differential thermal analyses 
(DTA) of the [NH3-(CH2)2-NH2-(CH2)2-NH3]2P6O18. 3H2O. The DTA curve shows 
abroad endothermic peak at 103 °C followed by a series of endothermic pics in a wide 
temperature range [125 - 400°C]. The first one corresponds to the departure of 3 
water molecules, well confirmed by the weight loss observed on the TGA curve (% 
experimental: 7.32, % calculated: 7.29). The obtained anhydrous residual substance 
remains stable until 125 °C, where it begins to undergo a pyrolysis indicated by a 
succession of endothermic peaks accompanied by an important weight loss in a wide 
temperature range. The obtained viscous residue corresponds probably to a mixture 
of polyphosphoric acids. 
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Fig. 5: DTA and TGA Curves of [C4H16N3]2P6O18. 3H2O at the rising 
Temperature 
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