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Introduction

Crystal engineering is a flourishing field of research in inorganic chemistry, progressing from analysis of crystal structures in terms of intermolecular interactions with interests in the modeling, design, synthesis and applications of crystalline solids. In this regard, coordination compounds are extensively studied due to their fascinating topologies as well as their potential applications in various areas.

A survey of the recent literature shows that much attention has been carried out on thiocyanate anions, highlighting the preparation of metal complexes containing the thiocyanate anion to improve their performance in various fields such as magnetism and photoluminescence [1][2][3][4][5]. It should be pointed out that the isothiocyanate anion is a polyvalent ligand that can coordinate to metal cations through N atom as a monodentate ligand in different ways leading to diverse coordination modes with a large structural variety. Particularly, the isothiocyanate species leads to a wide range of various molecular solids containing [M(NCS)4] 2-(M = Mn 2+ , Co 2+ , Zn 2+ ), which may disclose enthralling magnetic behaviors, electronic, and optical properties [6][7][8][9][10]. Most of these expanded networks with multi-dimensional structures give rise either to one-dimensional [11][12][13][14][15][16], two-dimensional [17] or three-dimensional arrangements [18,19]. Due to partially filled d orbitals, transition metals can give many isomers creating different geometries.

Preliminary investigations showed that organic ligands with appropriate sizes and configurations were very worthwhile building block in the assembly of organic inorganic hybrid materials. Furthermore, the great significance gathered to explore piperazine and its derivatives in relatively recent years reflects the broad potential thanks to their excellent biological and pharmacology properties for the construction of drugs. Additionally, molecules holding piperazine entities can be useful as a result of various therapeutic activities notably antipsychotic, antiviral, anticancer, anti-inflammatory and antidepressant [20][21][22][23].

Our pertinent interest in this study is the association of cobalt-isothiocyanate anionic parts and organic cations with attractive physical properties [24][25][26][27][28] which should guide to fascinating new functional coordination materials. We report here the synthesis, crystal structure, Hirshfeld surface analysis and spectroscopic techniques of a new coordination compound (I).

Experimental

Chemical preparation

All chemicals were used without purification. The compound was obtained by mixing at room temperature 0.192 g (1 mmol) of 1-(4-methoxyphenyl)piperazine dissolved in 10 mL ethanol to 20 mL of an aqueous solution of CoCl2 (0.129 g, 1 mmol). A 20 mL aqueous solution of KSCN (0.194 g, 2 mmol) was carefully added under continuous stirring. A few drops of dilute HCl solution were added to acidify the solution to pH = 2. The final solution was heated at 80°C for 30 min and then evaporated slowly at room temperature. Blue crystals suitable for single crystal X-ray structure analysis were obtained after four days. Yield = 83 %. Anal. Calc. A blue single crystal of (I) was carefully selected under a polarizing microscope in order to perform its structural analysis by X-ray diffraction. X-ray diffraction data were collected on a Rigaku AFC system with a Mercury CCD detector at 150 K using graphite-monochromated MoK ( = 0.71073 Å) radiation. The frame data were integrated and corrected for absorption with the Rigaku/MSC CrystalClear package [START_REF]CrystalClear: Data Collection and Processing Software[END_REF]. The structure was solved by a dual space method with the SHELXT program and refined by successive differential Fourier syntheses and a full-matrix least-squares procedure using the SHELXL program [START_REF] Sheldrick | [END_REF]31] by a Rigaku/MSC Crystal Structure package [START_REF]CrystalStructure 4.1: Crystal Structure Analysis Package[END_REF]. All H atoms were initially located in a difference Fourier map and were refined with a riding model. H 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. Uiso values were fixed such that they were 1.2Ueq of their parent atom Ueq for CH's and 1.5Ueq of their parent atom Ueq in the case of methyl groups. 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.

Infrared spectroscopy

The IR spectrum was recorded in the 4000-400 cm -1 range using a NICOLET IR 200 FT-IR infrared spectrophotometer.

UV-Vis spectroscopy

The UV absorption and optical diffuse reflectance spectra were measured with a Perkin Elmer Lambda 11UV/ Vis spectrophotometer in the wavelength radiation varying between 200 and 800 nm at room temperature.

Theoretical calculations

The asymmetric unit contains two cobalt complexes, four organic ligands, and a water molecule. Each of these entities has been studied separately except the ligand which interacts with the water molecule which has been studied with it. With the exception of the infrared spectrum, this has no influence on the calculations, all calculations were made with Gaussian 09 and the B3LYP method. The base used was 6-31 + G * except for cobalt for which the LanL2DZ pseudo-potential was chosen. For the cobalt complexes the coordinates are those of the X-rays, while for the organic ligands the positions of the protons were optimized beforehand with the same method.

Hirshfeld surface

The fingerprint plots of internal and external distances (di, de) were obtained from CrystalExplorer3.1 [START_REF] Mckinnon | [END_REF]. The analysis of contact types and their enrichment [35] were computed with the MoProViewer program [36]. To obtain an integral Hirshfeld surface around each molecule (organic cation, Co(SCN)4, water) a set of moieties not in contact with each other were selected in the crystal packing. The Co(SCN)4 coordination complex was considered as a molecule in the Hirshfeld analysis. The more hydrophobic Hc hydrogen atoms bound to carbon were distinguished from those bound to oxygen and nitrogen (Ho/n). [37][38][39][40][41][42][43][44]. Fig. 2 shows that the [Co(NCS)4] 2-anions are arranged in pairs along the c-axis direction.

Results and discussion

These pairs lie at (0, 0, 0) and (½, 0, ½) to form anionic layers parallel to the (a,c) plane (Fig. 3). The nearest Co•••Co distance is 6.869 (5) Å.

For the organic entities, it was found that the neighboring cations containing the N11, N12 and N13, N14 atoms are grouped into dimers through weak interactions OW-H…N and OW-H…O generated by the water molecules (Fig. 4, Table 3). The projection of the complete atomic arrangement of (I) along the a-axis shows that the piperazine-1,4-dium cations link the [Co(NCS)4] 2-anions via N-H...N and N-H...S interactions to give a three-dimensional network as shown in Fig. 5.

The robustness of the crystal is enhanced by three intermolecular interactions of C-H…π type (Fig. 6) between the hydrogen atoms of the methyl groups and of the heterocycle, on the one hand, and of the neighboring aromatic ring, on the other hand, with H…plane distances of 3.352(2), 3.380(5) and 3.853(3) Å. This result is compatible with those reported in the literature [42,45,46]. sulfur atoms is involved in only one hydrogen bond. These weak interactions (Table 3) also improve the stability of the network.

Quantum mechanical study

Quantum chemical calculations were performed from the crystal data by using the Gaussian 09 program.

For the inorganic part, the calculations were made by the B3LYP method with the LanL2DZ pseudopotential for cobalt and the 6-31+G* base for the C, N and S atoms. The results are almost identical for the two complexes and for the complex after total optimization except that in the latter case the HOMO and LUMO are degenerate states, the symmetry of the complex being Td. As a consequence, we will provide only one figure in each case. The HOMO and LUMO orbitals involve both a cobalt d orbital and an SCN ligand orbital, the difference being that for the HOMO this orbital is centered on the N and S atoms, while for the LUMO it is centered on the carbon (Fig. 8-a). The energy distribution of the different orbitals is shown in Fig. 8-b.

For the organic ligand, the calculations were made with the B3LYP/6-31+G* method for all atoms and optimization of the positions of the protons. As for the inorganic part, the results are identical for the four ligands and after total optimization. So here also only one figure

is given each time. The HOMO orbital is localized on the aromatic ring, while the LUMO is found primarily on the NH2 + group (Fig. 9-a). The energy distribution of the different orbitals is shown in Fig. 9-b.

Table 4 gives the energies of the various orbitals for the different entities. The large HOMO-LUMO energy gap values, between 3.16 and 4.07 eV, imply a high kinetic stability and a low chemical reactivity [47,48].

Molecular Electrostatic Potential analysis

The Molecular Electrostatic Potential (MEP) surface of this compound is depicted in Fig. 10. The MEP is used to determine the nuclear and electronic charge distribution of a given molecule. The maps were obtained at the B3LYP/6-31+G*-LANL2DZ level of theory.

Moreover, blue and red colors indicate the positive and negative potentials, respectively. As it can be seen, the electrostatic potential maps are color-coded and are subdivided into many regions. For the inorganic part, the positive zone is located on the cobalt atom, while the negative zone is on carbon (Fig. 10-a). For the organic cation, the positive zone is on the NH2 group, while the negative is on the aromatic ring (Fig. 10-b).

Mulliken population analysis

The Mulliken charge distribution of all atoms in the title compound, obtained with the same method as above, is given in Tables 5 and6. All atoms in the asymmetric unit are listed.

The atoms of the organic molecule are numbered as follows: For the anionic part, the atomic charge distribution shows that the cobalt ion, as depicted by the Molecular Electrostatic Potential surface analysis, has a positive charge of 0.108, 0.129 and 0.158 for the full optimization, respectively. For each anionic [Co(NCS)4] 2-complex, only one thiocyanate anion has a positive nitrogen charge, the three others having negative charges.

All the C and S atoms have negative charges (Table 5). For the organic entity, the oxygen atoms have negative charges. All hydrogen atoms carry positive charge. For the carbon atoms, there are quite large fluctuations for the same atom from one ligand to another (see for example the C11 carbon) (Table 6) which are due to the different structures of the various ligands and which reflect the intermolecular interactions in the solid state. The strong band at 2066 cm -1 can be assigned to the stretching vibration of the carbonnitrogen triple bond of thiocyanate ligand. The weak band at 831 cm -1 can be attributed to C-S bond stretching vibration. The weak band at 475 cm -1 can be ascribed to the bending vibration of N-C-S. This bending vibration of thiocyanate indicates the binding of thiocyanate ligand to Co(II) center via its N-terminal atom. The assignment of these bands to thiocyanate vibrations and deduction of its coordination mode are based on previously reported results [49][50][51][52][53]. The spectrum shows also characteristic vibrations for 1-(4-methoxyphenyl)piperazinium cation ([1-4MPPip] + ). The broad bands in the range 3600 -2300 cm -1 correspond to the stretching vibrations of the organic and hydroxyl groups (N-H), (C-H) and (O-H). The band at 1504 cm -1 corresponds to (C=C)Ar stretching vibrations. The band at 1448 cm -1 with a shoulder at 1413 cm -1 can be assigned to the CH2 deforming. The bands at 1302 and 1244 cm -1 can be attributed to the CH2 wagging, followed by a band at 1180 cm -1 , which is related to the ring deformation. The weak bands at 1146 and 1021 cm -1 can be assigned to the CH2 twisting. The weak band at 916 cm -1 can be attributed to the ring breathing. The weak band at 873 cm -1 can be attributed to the ring deformation. Bands at 786, 707 and 536 cm -1 can be assigned to the CH2 rocking [54].

FT-IR spectrophotometry

The calculated IR spectrum is given in Fig. 11-b. DFT calculations of the frequencies were made on the geometry obtained after optimization of the protons. This spectrum is very similar to the experimental one. A close agreement between the experimental and theoretical wave numbers (R 2 = 0.989) is mostly achieved in the fingerprint region as shown in Fig. 12. Thus, the precision is sufficient to assign the experimental frequencies and to confirm the attributions proposed above. It is worth to not that experimentally, only one band is observed for the thiocyanate groups, at 2066 cm -1 , probably because the calculations were made on separate entities and not on a crystal.

UV-Vis absorption spectral study

The solid state UV-Vis spectrum of (I) (Fig. 13) in the region 200-800nm is attributed to the anionic portion of the solid. The two characteristic bonds at 620 and 330 nm are assigned as d→d and L(π)→L*, respectively, and are similar to those observed in To confirm these attributions, the UV-visible spectrum of each component of the asymmetric unit was calculated using the TD-DFT method with the LanL2DZ pseudopotential for cobalt and the base 6-31+G* for all other atoms. The number of excited states in the calculation was 40.

The results are almost identical for the two cobalt complexes. In both cases, the calculation gives a band around 680 nm and one around 350 nm (Fig. 14). The components below 250 nm are not calculated with this calculation due to an insufficient number of excited states (all attempts to increase this number failed due to memory problems in the computer).

The results are also identical for the four organic ligands and also only one result (Fig. 15) is shown. Each spectrum shows several bands between 200 and 300 nm and a small component around 350 -400 nm. The inorganic part gives a band in this last zone of intensity (oscillator strength) 0.07 while each ligand has a component of intensity 0.01. Consequently, the band around 350 nm is mainly due to the cobalt complex, the band around 700 nm being due solely to it.

The small shift between calculated and measured wavelengths can be explained by the fact that the calculation is related to a molecule free from any interaction while, in the experimental data, the interactions between molecules in the crystal lattice are taken into consideration.

Hirshfeld surface and contacts enrichment ratio

The Hirshfeld surface is a region in space surrounding the molecules where the chemical nature of their intermolecular contacts can be analyzed. The contact enrichment, derived from the Hirshfeld surface, is computed from the ratio of the actual contacts Cxy in the crystal with those computed as if all types of contacts had the same probability to form [35]. The contact enrichment ratio is a powerful tool to deduce which type of contacts is over or under-represented in the crystal packing. An enrichment ratio larger than unity for a given pair of chemical species X…Y indicates that these contacts are favored (over-represented) in the crystal. The analysis of contact types and their enrichment were computed with the MoProViewer program [36].

The visualization of the Hirshfeld three-dimensional dnorm surface of the compound is shown in Fig. 13. In this figure, the intensive red hot spots on the surface colored according to dnorm indicate the presence of H...O, H…N and H…S contacts and are attributed to the

interactions of types O-H•••O, O-H•••N, N-H••• O, N-H•••S, N-H•••N, C-H•••O and C-H•••S,
as revealed in the structural analysis (Table 3). The other blue and white spots were related to the H… H contacts.

The fingerprints plots of internal and external distances (di, de) obtained from CrystalExplorer3.1 [35] are shown in Fig. 14 for the main contacts. There are spikes for O…H and S…H contacts at short distance as there are strong H-bond donors (H-N and H-O) in the title compound. The nitrogen atoms bound to three carbon atoms have sp 3 hybridization and act as hydrogen bond acceptors at slightly longer distance.

The chemical nature of contacts and their enrichment ratios in the title compound are shown in Table 7 and Fig. 15. The Hirshfeld surface of the ensemble is constituted by as much as 46.5% of hydrogen atoms followed by S(21.8%), C(21.0%), N(3.9%), Co(3.7%) and O(3.1%). The major contacts are constituted by S…Hc (25.2%) followed by C…Hc (24.2%), Hc…Hc (10.6%) and S…C (6.3%).

The aromatic cycles of the four cations are all interacting with the hydrogen rich non- The contacts on Hirshfeld surfaces of the four independent organic cations were analyzed. The contacts types are very similar on the four molecules as the correlation coefficient between the Cxy values of two cations is between 0.918 and 0.994. The fingerprint plot of the contacts on only one cation was therefore computed.

The contacts types between the layer of Co(NCS)4 anions and the layer of organic cations plus water are shown in Table 8. It shows that the S…Hc weak hydrogen bonds, constitute about half of the interface (49.4%) and are enriched at E=1.37. The Hc…C, weak hydrogen bond, is the second major contact (14.5%). The N-H…NCS strong hydrogen bonds are the most enriched contacts on the two layers interface (E=4.14). Electrostatic Potential analysis reveals that, for the inorganic part, the positive zone is located on the cobalt atom, while the negative zone is on carbon, for the organic cation, the positive zone is on the NH2 group, while the negative is on the aromatic ring. DFT calculations allow the attribution of the experimental IR bands. The solid-state UV-Vis spectrum revealed that this compound exhibits two absorption bands around 330 and 620 nm mainly due to the cobalt complex.

Conclusion

Supplementary data

Crystallographic data for the structural analysis have been deposited at the Cambridge Crystallographic Data Centre, CCDC No 2039818. 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. 
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  planar C4N2 cycle (head to tail dimers), which results in …Hc weak hydrogen bonds, corresponding to abundant and enriched (E=1.44) C…Hc contacts. The other major contacts are S…C and Hc…Hc. The strong H-bonds N…Ho/n (E=5.23) and O…Ho/n (E=4.97) are the most enriched contacts. Both S…Hc and S…Ho/n hydrogen bonds are enriched (E=1.44 and E=1.36 respectively).

A

  novel hybrid material, [1-4MPPip]4[Co(NCS)4]2•H2O (I), has been synthesized and in its crystal structure the [Co(NCS)4] 2-anions are arranged in pairs to form anionic layers parallel to the (a,c) plane. The piperazine-1,4-dium cations link the [Co(NCS)4] 2-anions via N-H...N and N-H...S interactions to give a three-dimensional network. The robustness of the crystal is enhanced by H…O, H…N, H…S as well as three C-H…π hydrogen bonds. The HOMO-LUMO energy gap suggests a good stability of the title compound. The Molecular
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 2 Fig. 2. Projection along the a-axis the cobalt complexes in [1-4MPPip]4[Co(NCS)4]2•H2O.
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 3 Fig. 3. Crystallographic autostereogram showing the Co(SCN)4 moieties forming a layer parallel to the (a,c) plane in [1-4MPPip]4[Co(NCS)4]2•H2O.
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 11 Fig. 11. Infrared absorption spectra of [1-4MPPip]4[Co(NCS)4]2•H2O.
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 1314 Fig. 13. Solid state UV-Vis spectrum of (C11H17N2O)4[Co(NCS)4]2•H2O.
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 15 Fig. 15. Calculated UV-Vis spectrum of the organic cation in (C11H17N2O)4[Co(NCS)4]2•H2O.
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 16 Fig. 16. View of the dnorm
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 17 Fig. 17. Fingerprint plots of the main contact around the organic cation 1-(4methoxyphenyl)piperazinium (containing O15).
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 18 Fig. 18. Crystallographic autostereogram showing the Co(SCN)4 moieties forming a layer

Table 1 :

 1 Crystallographic data and structure refinement for [1-4MPPip]4[Co(NCS)4]range (°)  min = 3.0°,  max = 27.5° Index range (h, k, l) h = -14→14, k = -20→20, l = -25→25 No. of measured, independent and observed with I>2σ(I) max, min (e Å -3 ) 1.14, -0.79

  

  C, 45.42; H, 5.09; N, 16.30%; Found: C, 45.57; H, 5.19; N, 13.18.

	2.2. Investigation techniques
	2.2.1. X-ray single crystal structural analysis.

Table 2 .

 2 Selected bond lengths and bond angles of the two cobalt complexes in the title compound.

	Bond length (Å)			
	Co1(NCS)4		Co2(NCS) 4	
	Co1-N2	1.949 (4)	Co2-N6	1.946 (4)
	Co1-N1	1.950 (4)	Co2-N5	1.959 (4)
	Co1-N4	1.957 (4)	Co2-N7	1.964 (4)
	Co1-N3	1.967 (4)	Co2-N8	1.974 (4)
	S3-C3	1.614 (5)	S7-C7	1.621 (5)
	S1-C1	1.625 (5)	S8-C8	1.608 (5)
	S4-C4	1.610 (5)	S5-C5	1.618 (5)
	S2-C2	1.618 (5)	S6-C6	1.623 (5)
	N1-C1	1.159 (5)	N8-C8	1.170 (6)
	N4-C4	1.180 (6)	N5-C5	1.161 (6)
	N2-C2	1.164 (6)	N7-C7	1.165 (6)
	N3-C3	1.174 (6)	N6-C6	1.152 (6)
	Bond angles (°)			

Table 3 .

 3 Selected hydrogen bonds (Å, °) parameters.

Table 4 .

 4 Energy values for all species and HOMO-LUMO difference.

	Compound	HOMO	LUMO	Gap (eV)
		(Hartrees)	(Hartrees)	
		Cobalt complex	
	(The energy value is followed by the type of orbital. In the case of full
	optimization, the state is doubly for HOMO	
		or triply degenerate for LUMO)	
	Co1(NCS)4	-0.01794 ()	0.12975 ()	4.02
	Co2(NCS)4	-0.01220 ()	0.10401 ()	3.16
	Co(NCS)4	-0.02368 (-2) 0.12598 (-3)	4.07
	optimized			
		Organic ligand	
	Ligand 1	-0.30710	-0.17921	3.48
	Ligand 2	-0.32522	-0.18053	3.93
	Ligand 3	-0.31491	-0.17687	3.76
	Ligand 4	-0.31850	-0.17213	3.97
	optimized Ligand	-0.32276	-0.17337	4.05

Table 5 .

 5 Mulliken charge distribution of all atoms in the anionic entities. The optimized complex having Td symmetry, only one value is given per atom type, the others being identical.

	Atom	Co1	Co2	Full
				optimization
	Co	0.108987	0.129816	0.158761
	N	-0.026222	-0.026077	-0.004514
		0.021113	0.014702	
		-0.036645	-0.066309	
		-0.034596	0.010496	
	C	-0.122442	-0.113072	-0.144006
		-0.142222	-0.100890	
		-0.096108	-0.132663	
		-0.112098	-0.130392	
	S	-0.394633	-0.400806	-0.391171
		-0.403412	-0.383882	
		-0.383766	-0.400660	
		-0.377956	-0.400263	

Table 6 .

 6 Mulliken charge distribution of all atoms in the organic entities and water molecule.

	Atom	Ligand 1	Ligand 2	Ligand 3	Ligand 4	Full
						optimisation
	N1	-0.096733	-0.152778	-0.113903	0.047346	0.107427
	N4	-0.868458	-0.870148	-0.878678	-0.910572	-0.894452
	H(N4)	0.504667	0.507443	0.508902	0.507063	0.501141
		0.506174	0.508293	0.501209	0.504538	0.503219
	C2	-0.368589	-0.339598	-0.364256	-0.289409	-0.046942
	H(C2)	0.247743	0.244152	0.258207	0.228132	0.263023
		0.225496	0.232114	0.226771	0.247861	0.218494
	C3	-0.211380	-0.233827	-0.187176	-0.186733	-0.257906
	H(C3)	0.262028	0.261552	0.259699	0.257074	0.276803
		0.275230	0.280408	0.277601	0.284430	0.256781
	C5	-0.266408	-0.180090	-0.383316	-0.285046	-0.252183
	H(C5)	0.278592	0.263049	0.258626	0.253489	0.256813
		0.261911	0.279633	0.280345	0.319564	0.276744
	C6	-0.309067	-0.362241	-0.178547	-0.233667	-0.055007
	H(C6)	0.253214	0.235194	0.261251	0.260743	0.263087
		0.223063	0.250334	0.218587	0.226632	0.218860
	C7	0.055363	0.042041	-0.065723	-0.428181	-1.536423
	C8	-0.053355	0.690209	0.605841	0.309632	0.106108
	H(C8)	0.169598	0.166082	0.175552	0.181797	0.194644
	C9	-0.622596	-0.853254	-0.605726	-0.604308	-0.098938
	H(C9)	0.210790	0.210308	0.211308	0.213780	0.211953
	C10	0.087805	-0.121534	0.034560	0.102400	0.047462
	C11	0.035800	-0.351001	0.466814	-0.110553	0.518677
	H(C11)	0.194252	0.208859	0.197174	0.197152	0.194459
	C12	-0.087072	0.045674	-1.088163	-0.260463	-0.403991
	H(C12)	0.169392	0.165180	0.182576	0.178707	0.176942
	O13	-0.378120	-0.378819	-0.373358	-0.374132	-0.371999
	C14	-0.337692	-0.349981	-0.325408	-0.346148	-0.325165
	H(C14)	0.207728	0.215748	0.224311	0.207287	0.211522
		0.224095	0.191539	0.209032	0.204939	0.227356
		0.206529	0.195457	0.205887	0.224221	0.21149
	O (H2O)				-0.944665	
	H(H2O)				0.510343	
					0.506745	

Table 7 .

 7 Chemical proportions on the Hirshfeld surface, % contact types and their enrichment ratios. The major interaction types and the most enriched are in bold. The hydrogen atoms (Ho/n and, Hc) bound to O/N and C are distinguished, as their chemical properties are different.

	Atom	Ho/n	C	N	O	S	Co	Hc
	surface %	6.5	21.0	3.9	3.1	21.8	3.7	40.0
	Ho/n	0.0						
	C	2.3	4.1		actual contacts	Cxy	
	N	2.6	0.4	0.2				
	O	2.0	0.3	0.0	0.0			
	S	3.9	6.3	1.9	0.1	1.3		
	Co	1.0	0.1	0.0	0.3	3.6	0.0	
	Hc	1.1	24.2	2.4	3.5	25.2	2.4	10.6
	Ho/n	0.01						
	C	0.86	0.94			enrichment	Exy	
	N	5.23	0.27	1.23				
	O	4.97	0.24	0.09	0.00			
	S	1.36	0.68	1.09	0.08	0.28		
	Co	2.08	0.08	0.02	1.32	2.23	0.00	
	Hc	0.22	1.44	0.78	1.39	1.44	0.80	0.66

Table 8 .

 8 Analysis of contacts types and their enrichment between the layer of Co(NCS)4 anions and the layer of organic cation + water. In the first two lines, the chemical description of the Hirshfeld surface on anion side is given. In the first two columns the surface content on the cation+water side is given. The major and enriched contact types are in bold. Enrichment ratios of N and O atoms on the cation side are omitted as their proportion is very small on the interface.

	atom	surface	C	N	S	Co	Co(NCS)4
	type	(%)	19.3	8.2	65.5	7.0	
	Ho/n	17.4	3.0	4.6	7.7	2.0	Cxy
	C	8.9	1.7	0.3	7.1	0.0	actual
	N	1.3	0.0	0.3	1.1	0.0	contacts
	O	1.0	0.2	0.1	0.1	0.5	(%)
	Hc	71.3	14.5	3.1	49.4	4.3	
	Ho/n	organic	1.15	4.14	0.87	2.15	Exy
	C	cation	1.24	0.48	1.57	0.07	enrich-
	Hc	+ HOH	1.37	0.68	1.37	1.11	ment