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come    

Crystal structure, Hirshfeld surface analysis, thermal behavior and spectroscopic investigations of a new organic cyclohexaphosphate, (C 10 H 15 N 2 ) 4 (Li) 2 (P 6 O 18 )(H 2 O) 6

Introduction

The combination of different organic/inorganic components in a single material can lead to new hybrid compounds, with specific physical and/or chemical properties. These compounds have attracted great attention because of their unique opportunity to combine the remarkable features of organic compounds with those of inorganic materials. In particular, hybrid materials based on phosphates have received much attention in recent years due to their technological interest in several areas such as magnetism, electricity, battery, optics and biomaterials research [START_REF] Hearn | The crystal structure of (-)-ephedrine dihydrogen phosphate[END_REF][START_REF] Adams | The crystal structure of aminoguanidinium dihydrogen orthophosphate[END_REF]. The properties of the organic molecule, such as length, geometry and relative position of the donor groups, play a very important role in the production of various hybrid compounds with interesting three-dimensional networks, layers, chains and ribbons structures [START_REF] Baouab | Jouini Crystal Structures and Thermal Behavior of Two New Organic Monophosphate[END_REF][START_REF] Averbuch-Pouchot | Structures of glycine monophosphate and glycine cyclo-triphosphate[END_REF][START_REF] Averbuch-Pouchot | Structure of Ethylenediammonium Dihydrogentetraoxophosphate (V) Pentahydrogenbis [Tetraoxophosphate (V)[END_REF][START_REF] Wojtas | Crystal structure, phase transition and ferroelectric properties of the [(CH3)3NH]3[Sb2Cl9(1-x)Br9x] (TMACBA) mixed crystals[END_REF]. The cohesion forces in these hybrid compounds are dominated by electrostatic interactions, van der Waals contacts, and hydrogen bonds (O-H…O, N-H…O).

There is considerable scientific and technological interest in the synthesis, structure and properties of cyclohexaphosphates because these compounds offer high hydrolytic and thermal stability and pronounced complexation ability. In particular, cyclohexaphosphates were shown to be potentially attractive as precursors in the solid state synthesis of simple and mixed-cation polyphosphates for glass making [START_REF] Chudinova | Double Cyclohexaphosphates of Cesium and Divalent Metals[END_REF][START_REF] Fosfatnye | Laser Phosphate Glasses[END_REF]. In this area, the literature reports several cyclohexaphosphates of mixed cations associating the lithium molecules which have been known and structurally characterized [START_REF] Ameur | Poly[bis(piperazine-1,4-diium) [(cyclo-hexaphosphato)dilithium] tetrahydrate][END_REF][START_REF] Bel Haj | Crystal Structure of a Hybrid Cyclohexaphosphate: [o-C7H10NO]4Li2P6O18•5H2O, X-Ray[END_REF][START_REF] Khedhiri | Crystal Structure of a New Hybrid Cyclohexaphosphate: [C8H12N]4Li2P6O18•4H2O, X-Ray[END_REF][START_REF] Amri | Structural and physicochemical studies of [4-ClC6H4CH2NH3]4Li2P6O18. 4H2O, Phosphorus Sulfur Silicon[END_REF][START_REF] Khedhiri | A Hirshfeld Surface Analysis, Crystal Structure and Infrared Characterization of a New Organic Cyclohexaphosphate, (C8H12N)4(Li)2(P6O18)(H2O)6[END_REF]. This family of compounds which exhibit a rich structural diversity can be further used in lithium batteries [START_REF] Hamdi | Synthesis, structural characterisations, NMR spectroscopy, Hirshfeld surface analysis and electrochemical study of a new organic cyclohexaphosphate, (C6H7FN)4(Li)2(P6O18)(H2O)6[END_REF]. In order to enrich the bibliography in this kind of materials and to investigate the influence of hydrogen bonds on the chemical and structural features, we report here the crystal structure and physico-chemical study of a new organic cyclohexaphosphate, (C10H15N2)4(Li)2(P6O18)(H2O)6 (I).

Experimental

Chemical Preparation

Single crystals of (C10H15N2)4(Li)2(P6O18)(H2O)6 (I) were prepared by an acid-base reaction between cyclohexaphosphoric acid and 1-phenylpiperazine. An aqueous solution (10 mL) of H6P6O18 (10 -3 mol) was first prepared by passing a solution of Li6P6O18.6H2O through an ion exchange resin (Amberlite IR120) in its H-state. The Lithium salt was produced according to the Schülke and Kayser procedure [START_REF] Schülke | Crystal chemistry of condensed phosphates[END_REF]. The cyclohexaphosphoric acid was cooled and neutralized by adding slowly 0.250 g (10 -3 mol) of 1-phenylpiperazine dissolved in 10 mL of ethanol under mechanical stirring for 10 min at room temperature. After this step, the resulting solution was allowed to stand in air until the formation of good quality single crystals. A yield of 80% was calculated for (C10H15N2)4(Li)2(P6O18)(H2O)6. The elemental analysis method was applied to determined the proposed formula of the obtained crystals: N, 8.92%/8.97% (exp./theor.) ; C, 38.35%/38.49% ; H 5.716%/5.769%. An incomplete Li + /H + exchange of Li6P6O18. 6H2O on the used resin led to the lithium existence in (I).

Schematically the reaction can be written:

X-Ray Single Crystal Structure Analysis

A single crystal was carefully selected under polarizing microscope in order to perform its structural analysis by a Nonius Kappa CCD FR590 single crystal X-ray diffractometer. The data were integrated and scaled using hkl-SCALEPACK [START_REF] Otwinowsky | Methods in Enzymology[END_REF]. Solution by direct methods (SHELXS, SIR97 [17]) produced a complete heavy atom phasing model consistent with the proposed structure. The structure was completed by difference Fourier synthesis with SHELXL97 [18,[START_REF] Mackay | MaXus: a computer program for the solution and refinement of crystal structures from diffraction data[END_REF]. Scattering factors are from Waasmair and Kirfel [START_REF] Waasmaier | New analytical scattering-factor functions for free atoms and ions[END_REF].

Hydrogen atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms with C-H distances in the range 0.95-1.00 Å. Isotropic thermal parameters Ueq were fixed such that they were 1.2 Ueq of their parent atom Ueq for CH's and 1.5 Ueq of their parent atom Ueq in case of methyl groups. All non-hydrogen atoms were refined anisotropically by full-matrix least-squares. The drawings were made with Diamond [START_REF] Brandenburg | Diamond Version 2.0 Impact GbR[END_REF].

Crystal data and experimental parameters used for the intensity data collection are summarized in Table 1.

NMR and IR measurements

The NMR powder spectra were recorded on a solid-state high-resolution Bruker Avance-500 spectrometer operating at 125.81 MHz for 13 C, 50.50 MHz for 15 N and 202.51 MHz for 31 P with a classical 4 mm BB/1H dual MAS probe allowing spinning rates up to 10 -14 kHz. 13 C, 15 N and 31 P NMR chemical shifts are given relative to external tetramethylsilane, neat nitromethane and 85 wt. % phosphoric acid, respectively (precision 0.5 ppm). The 7 Li MAS NMR spectrum was recorded on a Bruker Avance-300 spectrometer operating at 116.75 MHz. For 13 C and 15 protons (contact time 2ms). Before recording the spectra, it was checked that there was a sufficient delay between the scans allowing a full relaxation of the protons, typically 30 s in the present case. For 31 P, the isotropic chemical shift values (iso) of the three NMR species were determined from the position of the peaks that did not change in the spectra taken with different spinning rates. The analysis of the 31 P MAS-NMR spectrum was carried out by using the Bruker program WINFIT [START_REF][END_REF]. The intensities of the sidebands were computed by the method of Herzfeld and Berger [START_REF] Herzfeld | Sideband intensities in NMR spectra of samples spinning at the magic angle[END_REF]. Chemical shift anisotropy (CS) and the asymmetric parameter () of NMR components were then determined (Table 6). The IR spectra were recorded in the range 4000-400 cm -1 with a ''Perkin-Elmer FTIR'' spectrophotometer1000 using samples dispersed in spectroscopically pure KBr pressed into a pellet.

TGA and DTA measurements

Thermogravimetric analyses (TGA) and differential thermal analyses (DTA) were performed on a Setaram SETSYS 16/18 instrument in vacuum, sample mass: 14.726 mg;

heating rate 5 °C/min in the temperature range 293-900 K.

Results and discussion

Crystal structure analysis

The asymmetric unit of (C10H15N2)4(Li)2(P6O18)(H2O)6 corresponds to one half of a P6O18 6-anion lying on an inversion center (½, ½, 0), one Li + cation, three water molecules, out of which two coordinated to the Li + cation, and two 1-phenylpiperazine-1,4-dium cations. 5). The PO4 tetrahedron is then described by regular oxygen atoms arrangement with the phosphorus atom slightly shifted from the center of gravity (P1 = 0.112, P2 = 0.157 and P3 = 0.137 Å)

The lithium atom, shows a tetrahedral coordination and is slightly shifted from the center of gravity ( = 0.111 Å), as it is coordinated to two water molecules O(W) and two O atoms O(E) belonging to two P6O18 6-anions. The geometrical features of the LiO4 tetrahedron show that it is as regular as the PO4 tetrahedra, being slightly distorted with Li-O distances ranging from 1.922(4) to 1.950(4) Å (Table 2). The smallest distance between two tetrahedral centers is 5.229 (6) Å. These values are also observed in similar cyclohexaphosphates such as in (C8H12N)4(Li)2(P6O18)(H2O)6 [START_REF] Khedhiri | A Hirshfeld Surface Analysis, Crystal Structure and Infrared Characterization of a New Organic Cyclohexaphosphate, (C8H12N)4(Li)2(P6O18)(H2O)6[END_REF].

There are two independent 1-phenylpiperazine-1,4-dium cations within the network, that are associated with phosphoric entities through electrostatic interactions and hydrogen bonds involving hydrogen atoms of NH2. The conformation of the piperazine six-membered ring can be described in terms of Cremer and Pople puckering coordinates [START_REF] Cremer | A General Definition of Ring puckering Coordinates[END_REF], i.e., evaluating the parameters Q (total puckering amplitude), q2, q3 ,  and . The calculated values are as follows: Q = 0.5655 Å, q2 = 0.0247 Å, q3 = 0.5650 Å,  = 2.51° and  = 94.08°.

In all hydrogen bonds, the nitrogen atoms are donors, whereas the oxygen atoms from the P6O18 6-act as acceptor atoms (Table 4). The 3) agree with those found in others salts containing the same cation, 1-Phenylpiperazine-1,4diium bis(hydrogen sulfate) and 1-Phenylpiperazine-1,4-diium tetrachloridocobalt(II) [START_REF] Marouani | Al-Deyab, 1-Phenylpiperazine-1,4-diium bis(hydrogen sulfate)[END_REF][START_REF] Abdelhamid | Smirani Sta, 1-Phenylpiperazine-1,4-diium tetrachloridocobalt(II)[END_REF].

Crystal contacts

The analysis of contact types and their enrichment were computed with the program MoProViewer [START_REF] Guillot | MoProViewer: a tool to study proteins from a charge density science perspective[END_REF]. The Hirshfeld surface was computed for two copies of the asymmetric unit in order to have a full hexacyclo-phosphate molecule. Moieties in the crystal packing not in contact with each other were selected in order to obtain an integral Hirshfeld surface around each molecule.

The hydrophobic atoms C and Hc constitute more than half of the Hirshfeld surface and Hc…C contacts have the highest proportion at 23.5%. Globally hydrophobic contacts represent 40% of the surface; the main contact Hc…C being over-represented with an enrichment E=2.1 while the two other types C…C and Hc…Hc have enrichment ratios close to unity and are represented at their expected value (Table 6). The two phenyl rings of the two independent molecules form an angle of 82.7° and form chains along the a axis with extensive C-H…π interactions. More than 86% of the carbon surface involved in these C…Hc contacts.

The H-bonds O…Ho/n constitute the polar interactions with largest surface and are significantly enriched (E=2.7) while the weak O…Hc hydrogen bonds are the fourth interaction in proportion and are very slightly under-represented. The O…Li + interactions are the most enriched and represent the strongest electrostatic attraction in the crystal packing.

There are two water molecules and two phosphate oxygen atoms around the Li + cation at a distance smaller than 1.95 Å.

Self-interactions between charged species (Li + , O -, Ho/n + ) are mostly avoided.

Globally, the structure is maintained primarily by the strong electrostatic interactions O…Li and O…Hn/o and secondarily by hydrophobic contacts involving the Hc and C atoms and a significant amount of less polar Hc…O interactions.

The contact types Cxy of the two independent piperazine molecules are very similar as their correlation coefficient reaches 99.249%. One major difference is however that molecule 1 (bearing C1) receives C-H…π interactions from methylene groups while molecule 2 interacts with the aromatic Hc of the phenyl ring of molecule 1. It can be seen in Fig. 4 that if globally the nature of contacts are the same, they are not always located in the same areas on the Hirshfeld surfaces of the two piperazine molecules.

HOMO-LUMO analysis

The frontier molecular HOMO-LUMO orbitals were computed for the organic molecule by the DFT-B3LYP/6-31+G* method. Three different calculations were made: (i) the two molecules of the asymmetric unit for which the C and N positions were taken from the crystal data and (ii) a full optimization of all atoms. These calculations were made with the Gaussian 09 program and are displayed in Fig. S2. The calculated HOMO and LUMO orbitals are shown in order: total optimization for molecule, Ligand 1 and Ligand 2. In the three cases quite the same results were obtained: The highest occupied molecular orbital (HOMO) is located mainly on the aromatic ring and on the nitrogen atom which is linked to it with a calculated energy of -9.252eV, and the LUMO is concentrated on the NH2 group with a calculated energy of -4.820 eV. The large gap HOMO-LUMO (4.43 eV) implies a high kinetic stability and a low chemical reactivity, because it is energetically unfavorable to add an electron to a LUMO or to extract an electron from a HOMO [START_REF] Parr | Absolute hardness: companion parameter to absolute electronegativity[END_REF][START_REF] Pearson | Absolute electronegativity and hardness correlated with molecular orbital theory[END_REF]. The energy distribution of the different orbitals for the title compound is given in Fig. S3 and are also quite similar in the three cases, showing that there is no high constraint in the crystal.

Molecular Electrostatic Potential Analysis

The molecular electrostatic potential of the title compound has been computed at the B3LYP/6-31+G* level and is shown in Fig. 5. Moreover, blue and red colors indicate the positive and negative potentials, respectively. As it can be seen from Fig. 5 , the electrostatic potential maps are color-coded and are subdivided into many regions where those various colors are used to identify different potentials. Intermediate potentials are assigned to colors according to the following color spectrum: red < orange < yellow < green < blue. As schown in Fig. 5, the red region located around aromatic ring while the blue region is around the NH2 group of the piperazine molecule.

NMR results

The 13 C CP-MAS NMR spectrum of (C10H15N2)4(Li)2(P6O18)(H2O)6 is shown on Fig.

S4.

There are two families of peaks, the carbons located at 40 -50 ppm, which are the nitrogen-bonded CH2, and the aromatic carbons between 110 and 150 ppm. The splitting of several peaks in this zone seems to indicate the presence of two molecules in the asymmetric unit, in agreement with the X-ray results.

The two-dimensional carbon-proton spectrum is shown in Fig. S5. The contact time was 100 μs so that only carbons having a C-H bond are visible. This makes it possible to affirm that the two peaks at 146 and 148 ppm correspond to the aromatic carbon bonded to nitrogen and therefore that there are two organic molecules in the asymmetric unit. Aromatic carbons correlate well with protons at 6-7 ppm while aliphatic carbons correlate with protons at 4-5 ppm.

The 15 N CP-MAS NMR spectrum of the title compound, shown in Fig. S6, is also in good agreement with the X-ray structure. Indeed, it exhibits four well-defined resonances corresponding to the four crystallographically independent nitrogen atoms, in agreement with two organic cations in the unit cell.

The solid state 31 P spectrum of the sample is formed by three components (Fig. 6) The solid state 7 Li spectrum of the sample is formed by only one peak with its corresponding satellite spinning bands spaced at equal intervals, indicating some anisotropy of chemical shift (Fig. 7-a). This result is consistent with the presence of only one lithium site in the asymmetric unit of the compound as revealed by single crystal X-ray diffraction. Fig. 7b shows that the linewidth is larger when the spectrum is recorded without decoupling. This is due to the coupling of lithium with the hydrogen atoms of the water molecules coordinated to it.

corresponding
The chemical shifts were calculated on the organic molecules to assign the NMR resonances to the different crystallographic non-equivalent carbon atoms of the unit cell. The calculations were made after optimization of the positions of the hydrogen atoms with the B3LYP/6-31+G* method. The atoms are labeled as depicted below:

The results are listed on Table 7. Clearly, there is a very good agreement between the experimental and the theoretical values, allowing unambiguously the attribution of the different NMR signals, even if the calculated values for the isotropic chemical shifts are slightly shifted from the experimental ones, probably due to the calibration calculation.

IR spectroscopy

The infrared spectrum (Fig. 8) shows broad bands in the 3600-2800 and 1600-1800 cm -1 ranges corresponding, respectively, to the stretching and bending vibrations of water molecules and N-H groups. The broadness of the corresponding bands is indicative of the formation of hydrogen bonds of varying strengths in the structure. The bands observed in the 1500 and 1030 cm -1 region can be assigned to the valence vibrations of the C=C, C=N, C-C, C-N bonds and to the wagging and rocking modes of the CH2 groups [START_REF] Kaabi | Synthesis and crystal sructure of a new dihydrogenomonophosphate (4-C2H5C6H4NH3)H2PO4[END_REF]. The observed bands in the range 1000-600 cm -1 can be assigned to the CH3 and NH3 + groups and to the skeleton of phenylene rings symmetric, asymmetric, stretching and deformation modes [START_REF] Chapman | Spectra of Phosphorus Compounds-I the Infra-Red Spectra of Orthophosphates[END_REF][START_REF] Scheinmann | an Introduction to Spectroscopic Methods for the Identification of Organic Compounds[END_REF] and to the CH2 rocking modes [START_REF] Wang | [END_REF]37].

In comparison with the IR spectra of other cyclohexaphosphates [START_REF] Sleymi | Synthesis, crystal structure, characterization and electrochemical properties of a new cyclohexaphosphate: Li2Na2CoP6O18. 12H2O[END_REF], it is evident that the bands in the 1350-1180 cm -1 region are due to the OPO symmetric and anti symmetric vibrations within the phosphate rings while those that appear between 850 and 660 cm -1 can be assigned to as (POP) -band s (POP) -modes of the POP bridge, respectively. Frequencies below 660 cm -1 correspond to the bending vibration of the P6O18 ring.

Thermal behaviour

Fig. 9 presents the results of TGA and DTA measurements in the temperature range from 293 K to 900 K. The thermal behaviour is characterized by three peaks at about 410 K (Tp1), 510 K (Tp2) and 623 K (Tp3). All peaks are related to a mass loss of the sample. The lowest temperature mass loss equals c.a. 8% and is related to the loss of water. The endoenergetic peak is very wide and the mass loss associated to it starts already at c.a.330 K and lasts until 450 K. Next endoenergetic anomaly at 510 K is also related by a mass loss which is, however, little but is followed by a rapid weight loss leading to a further mass loss of about 38%. Interestingly, the DTA peak at Tp3 is exothermic thus it might be related with micro-explosion of the sample but above Tp3 (I) decomposes much slower and at 900 K about 45% of initial sample mass remains in the measurement crucible. It is worth of note that the mass loss starting at about 510 K may be associated to two different processes (separated by dashed line, approximately at 610 K): endoenergetic one (peak at 510 K) and then exoenergetic one (peak at 623 K). The respective mass loss is 16% for the former one and 22% for the latter one which equals aforementioned 38%. The mass loss is very well consistent with the following reactions: 8% -water loss, 16% -phosphates group condensation and decomposition, 22% -thermal decomposition of 1-Phenylpiperazine to the gaseous products. The residue, according to de Jager and Prinsloo [START_REF] Jager | The dehydration of phosphates monitored by DSC/TGA and in situ Raman spectroscopy[END_REF], is most probably LiPO3.

Conclusion

The use of the protonated 1-phenylpiperazine (C10H15N2) + as organic cation in the cyclohexaphosphate matrix leads to a new oganic cyclohexaphosphate of the chemical formula (C10H15N2)4(Li)2(P6O18)(H2O)6. Crystal structure of this compound was found to be 
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Crystallographic data for the structural analysis have been deposited at the Cambridge Crystallographic Data Centre, CCDC No 1831414. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK: fax: (+44) 01223-336-033; e-mail: deposit@ccdc.cam.ac. Fig. 7 7 Li MAS NMR spectrum of (C10H15N2)4(Li)2(P6O18)(H2O)6. 
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  (N-C, C-C) bond lengths and bond angles (N-C-C, C-C-C) ranging from 1.377(3) to 1.521(3) Å and from 109.68(2) to 122.5(2)° (Table

  to the three crystallographically independent phosphorus atoms. As the chemical environments of all P-atoms are similar in the cyclohexaphosphate, resolved components must correspond to different crystallographic sites occupied by P-atoms. On the other hand, distortions of the polyhedra are responsible for the observed chemical shift anisotropies and for the detection of the spinning side band patterns covering important regions of the 31 P-NMR spectra. Spectral regions occupied by these bands are proportional to tetrahedral distortions.

  built by infinite layers of [Li2P6O18•H2O] 4-parallel to the (a, b) plane (001). Between these layers the organic molecules are located to perform the three dimensional cohesion through strong, medium and weak hydrogen bonds. Both the organic and inorganic components perform different interactions interactions (electrostatic, van der Waals, H-bonds) to stabilize the three-dimensional network. The strong electrostatic interactions Li + …O and the strong hydrogen bonds which are enriched by a factor around three represent 25% of the Hirshfeld contact surface while the hydrophobic contact account for 40% of the contact surface. NMR signals are in full agreement with the crystallographic data. DFT calculations allow the attribution of the experimental NMR lines.
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  N, the spectra were recorded by use of cross polarization (CP) from Li 2 H 4 P 6 O 18 + 4(C 10 H 14 N 2 ) + 6H 2 O (C 10 H 15 N 2 ) 4 Li 2 P 6 O 18 . 6H 2 O

Table 2 .

 2 Interatomic distances (Å) and bond angles (°) in (C10H15N2)4(Li)2(P6O18)(H2O)6. P-O distances are on the diagonal, O-P-O angles and O-O distances are above and below the diagonal, respectively.

	P(1)O4 tetrahedron			
	P1	O1	O2		O3	O7
	O1	1.489(1)	116.78(9)°	108.66(8)°	109.36(8)°
	O2	2.536(6)	1.489(1)	110.53(8)°	108.64(8)°
	O3	2.508(3)	2.537(7)	1.597(2)	101.82(8)°
	O7	2.510(3)	2.499(4)	2.471(6)	1.587(2)
	P(2)O4 tetrahedron			
	P2	O3	O4		O5	O6
	O3	1.612(2)	109.35(8)°	99.50(8)°	105.56(8)°
	O4	2.526(7)	1.482(2)	108.39(8)°	120.83(9)°
	O5	2.460(5)	2.510(3)	1.612(1)	111.05(8)°
	O6	2.464(3)	2.576(4)	2.550(9)	1.480(2)
	P(3)O4 tetrahedron			
	P3	O5	O7		O8	O9
	O5	1.608(1)	102.15(8)°	110.39(8)°	105.64(8)°
	O7	2.502(4)	1.608(2)	106.64(8)°	110.23(8)°
	O8	2.535(3)	2.476(6)	1.478(2)	120.34(9)°
	O9	2.466(6)	2.539(6)	2.571(9)	1.486(1)
	LiO4 tetrahedron			
	Li1	O10	O11		O1	O4
	O10	1.938(4)	115.2(1)°	106.3(1)°	110.8(1)°
	O11	3.042(3)	1.922(4)	111.9(1)°	98.4(1)°
	O1	3.314(5)	3.289(5)	1.947(4)	114.42 (13)°
	O4	3.011(1)	3.297(5)	2.999(3)	1.950(4)
	P1-P2 2.934(2)		P1-O3-P2	132.18(9)°	P1-P2-P3	114.23(2)°
	P2-P3 2.918(5)		P3-O5-P2	129.99(9)°	P2-P3-P1	97.72(2)°
	P3-P1 i 2.924(6)		P1-O7-P3	132.47(1)°	P3-P1-P2	99.17(2)°
			P1-O1-Li1	139.11(1)°	
			P2-O4-Li1	127.31(1)°	
	Symmetry codes: (i) -x+2, -y+1, -z+2		

Table 3 .

 3 Selected bond lengths (Å) and bond angles (°) in the organic groups of

	(C10H15N2)4(Li)2(P6O18)(H2O)6.		
	Bond lengths (Å)		
	C1 -C6	1.395(3)	C11 -C12	1.391(3)
	C1 -C2	1.400(3)	C11 -C16	1.410(3)
	C1 -N1	1.422(3)	C11 -N3	1.420(3)
	C2 -C3	1.377(3)	C12 -C13	1.398(3)
	C3 -C4	1.399(3)	C13 -C14	1.380(3)
	C4 -C5	1.383(3)	C14 -C15	1.380(3)
	C5 -C6	1.400(3)	C15 -C16	1.395(3)
	C7 -N1	1.454(3)	C17 -N3	1.465(3)
	C7 -C8	1.521(3)	C17 -C18	1.514(3)
	C8 -N2	1.495(3)	C18 -N4	1.490(3)
	C9 -N2	1.490(3)	C19 -N4	1.486(3)
	C9 -C10	1.512(3)	C19 -C20	1.508(3)
	C10 -N1	1.466(3)	C20 -N3	1.472(3)
	Bond angles (°)		
	C6 -C1 -C2	118.6(2)	C12 -C11 -C16	118.07(2)
	C6 -C1 -N1	122.5(2)	C12 -C11 -N3	121.62(2)
	C2 -C1 -N1	118.82(2)	C16 -C11 -N3	120.3(2)
	C3 -C2 -C1	121.1(2)	C11 -C12 -C13	120.7(2)
	C2 -C3 -C4	120.6(2)	C14 -C13 -C12	120.9(2)
	C5 -C4 -C3	118.7(2)	C13 -C14 -C15	118.9(2)
	C4 -C5 -C6	121.2(2)	C14 -C15 -C16	121.2(2)
	C1 -C6 -C5	119.9(2)	C15 -C16 -C11	120.2(2)
	N1 -C7 -C8	109.06(2)	N3 -C17 -C18	113.00(2)
	N2 -C8 -C7	110.53(2)	N4 -C18 -C17	110.83(2)
	N2 -C9 -C10	111.09(2)	N4 -C19 -C20	110.22(2)
	N1 -C10 -C9	109.68(2)	N3 -C20 -C19	112.17(2)

Table 4 .

 4 Hydrogen-bond geometry (Å, º).

	D -H•••A	D -H	H•••A	D•••A	D -H•••A
	C8 -H8B•••O6	0.99	2.61	3.286 (3)	125
	C18 -H18A•••O4 i	0.99	2.65	3.252 (3)	119
	C18 -H18B•••O9	0.99	2.56	3.499 (3)	158
	C19 -H19B•••O10 i	0.99	2.31	3.239 (3)	156
	N2 -H2A•••O2 ii	0.91	2.11	2.859 (2)	139
	N2 -H2B•••O9	0.91	1.84	2.722 (2)	163
	N4 -H4A•••O2 i	0.91	2.15	2.965 (2)	149
	N4 -H4B•••O1	0.91	1.85	2.730 (2)	162
	O10 -H10O•••O8 iii	0.80 (1)	1.94 (1)	2.702 (2)	160 (2)
	O10 -H10P•••O6 i	0.80 (1)	2.27 (1)	2.916 (2)	138 (2)
	O11 -H11O•••O12	0.81 (1)	2.01 (1)	2.804 (2)	173 (2)
	O12 -H12O•••O8	0.80 (1)	2.00 (1)	2.797 (2)	169 (2)
	O12 -H12P•••O2 iii	0.80 (1)	2.03 (1)	2.817 (2)	166 (2)
	Symmetry codes: (i) -x+2, -y+1, -z+2; (ii) -x+1, -y+1, -z+2; (iii) -x+1, -y, -z+2.

Table 5 .

 5 Interatomic PO distances (Å), OPO angles (°), tetrahedral distortion indexes ID(PO),

	ID(OPO) and ID(OO) of (C10H15N2)4(Li)2(P6O18)(H2O)6			
	Tetrahedron P-Om (Å) ID (P-O) (O-P-O)m	ID(OPO) O-Om (Å) ID (O-O) Å)
				(°)				
	P1(O4)	1.541	0.033	109.30	0.027	2.510	0.007	0.112
	P2(O4)	1.547	0.042	109.11	0.042	2.514	0.014	0.157
	P3(O4)	1.545	0.041	109.23	0.040	2.515	0.013	0.137

Table 6 .

 6 Statistical analysis of intermolecular contacts on the Hirshfeld surface of (C10H15N2)4(Li)2(P6O18)(H2O)6.

	atom	Li	Ho/n	O	P	C	Hc
	% surf	3.9	16.2	19.8	5.6	15.2	38.3
	Li	0.00					
	Ho/n	2.3	0.98	Cxy		% contacts	
	O	8.8	16.3	0.04			
	P	1.7	4.8	0.14	0.00		
	C	0.12	0.36	0.61	0.19	2.3	
	Hc	1.27	5.8	11.8	3.2	23.5	13.8
	Li	0.0					
	Ho/n	1.0	0.40			Enrichments	
	O	3.2	2.7	0.01			
	P	2.2	3.0	0.07	0.00		
	C	0.05	0.08	0.11	0.12	1.05	
	Hc	0.24	0.49	0.83	0.86	2.1	0.99

Table 7 .

 7 Comparison of calculated and experimental chemical shift values of the carbon and nitrogen atoms in the title cyclohexaphosphate.

	Atoms	Full optimisation	Ligand 1	Ligand 2	Experiment
		(ppm)	(ppm)	(ppm)	(ppm)
	C1	136.5	142.8	138.6	146/148
	C2	105.5	111.9	112.5	112
	C3	107.9	118.5		119
				107.1	112
	C4	125.5	126.8	125.3	131
	C5	125.6	127.1	126.0	129
	C6	118.0	123.7		121
				120.7	119
	C7	44.7	54.7	51.6	47.7
					45.8
	C8	44.5	48.5	46.6	41.5
	C9	45.3	51.4	47.7	
	C10	46.7	50.9	47.5	
	N1	206.4	205.4	206.7	-363.5/-
					365.7
	N2	187.3	191.9	188.7	-341.2/-
					342.9