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Introduction

Molecular tectonics 1 , a branch of supramolecular chemistry [START_REF] Lehn | Supramolecular Chemistry, Concepts and Perspectives[END_REF] and supramolecular synthesis 3 deals on one hand with the description of molecular crystals as periodic entities or networks 4 resulting from specific interactions between molecular components 5 and on the other hand, is concerned with the generation of periodic architectures in the crystalline phase through the design of tectons 6 and molecular recognition patterns between tectons as nodes of the network. Concerning the latter, among various possible intermolecular interactions, H-bonding, owing to its rather directional nature, 7 has been widely used. However, this type of interactions is rather weak and can be strengthened by addition of less directional electrostatic charge-charge interactions (charge-assisted H-bond). 8 Another important characteristic defining molecular networks is their dimensionality which results from the number of translations of nodes in space. Indeed a single translation leads to a 1-D network whereas two and three translations in different space directions generate 2-and 3-D networks. For both 1-and 2-D networks, the control of their packing in the solid state leading to the formation of crystals is an important challenge.

Another challenge in molecular tectonics is to design functional networks in the solid state displaying physical and/or chemical properties resulting from the specific interactions between tectons leading to their controlled arrangements. The design of crystalline solids displaying an induced property absent at the level of the individual tectons but expressed in the self-assembled architecture is of particular interest.

Here we report on the design and generation of a series of hybrid luminescent crystals resulting from combinations of dicyanometallate monoanions and bisamidinium dicationic tectons bearing four alkyl chains of variable length forming charge-assisted H-bonded networks and on the modulation of the distance between networks by the nature of the substituents localised on the organic tecton.

Results and discussion
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We are involved for some time now in the design and formation of molecular network based on charge assisted Hbonding using bisamidinium type tectons. 9 Using a variety of dicationic organic tectons, we have reported the formation of purely organic networks using carboxylates 10 or sulfonates 11 55 as anionic partners. Furthermore, upon combining bisamidinium based tectons with polythiocyanoatometallate, 12 polyoxalatometallate 13 or polycyanometallate 14 , hybrid molecular networks have been obtained. Some of the reported crystals exhibit physical properties such as luminescence 15 or 60 porosity 16 or liquid crystalline behaviour. 17 We have demonstrated that the combination of the tecton 2-2H + (Scheme) with [M(CN)4] 2-(M = Ni, Pd or Pt) 18 or [M(CN)6] 3-(M = Co, Fe or Cr) 19 leads to the formation of 1and 2-D H-bonded networks respectively with the same type 65 of recognition patterns as for 1-2H + . 14a Importantly, by comparing the packing mode of 1-D networks obtained by associating tectons 1-2H + or 2-2H + with [M(CN)4] 2-, we have shown that the distance between 1-D networks in the crystal can be modulated by the nature of the substituents on the For the latter case, it appeared interesting to investigate the role played by the alkyl substituents on the packing of 1-D networks in the crystalline phase and thus on the modulation of M-M distance (d) between metal centres belonging to consecutive networks (Fig. 1b). only by the nature of the substituents on the cyclic amidinium units. Indeed, whereas for the parent compound 1-2H + no substituent is present, in the case of compound X-2H + (X=2-4), the position 3 of each cyclic amidine moiety bears two alkyl groups of different length (C3 for 2-2H + , C6 for 3-2H + and C12 for 4-2H + ). It is worth noting that these substituents are rather remote from the H-bond donor sites and thus should not interfere with the recognition processes with dicyanometallates.

Synthesis of tectons X-2H + (X=3-4):

The synthesis of 1-2H +10,16 and 2-2H +18 was previously reported. The preparation of compounds 3-2H + and 4-2H + (see experimental section) was achieved starting with malononitrile 5, which was reacted, in anhydrous THF, with 1-bromoalkane (hexane for 3-2H + and dodecane for 4-2H + ) in the presence of sodium hydride affording the dinitrile 6 and 7 in 27 and 74% yield respectively. 20 The dinitrile 6 and 7 were reduced upon treatment with borane in dry THF into the diamine 8 and 9 in 90 % yields in both cases. The condensation of 8 and 9 with 1,4-dicyanobenzene in the presence of P2S5 

Structural investigations

For all structural investigations by X-ray diffraction on single crystal, crystallographic data are given in table 1.

Structure of [3-2H + ][Cl -]2 in the crystalline phase:

The solid structure of the hydrochloride salt of 3 with the following formula C38H68N4Cl2•2H2O was investigated by X-ray diffraction on a single crystal (Fig. 2, Table 1). The crystal is composed of 3-2H + , two Cl -anions and two water molecules. The four hexyl chains adopt an extended conformation (Fig. 2). Two H2O molecules and Cl -anions are located between consecutive dicationic units (Fig. 2). The two water The polymorph a (Fig. 3a) displays the same recognition pattern and connectivity as already observed for 1-2H + . 15 For the anionic unit [Ag(CN)2] -, the coordination geometry around the Ag(I) centre is slightly bent with CAgC angle of 173.01( 13 pattern leading to a 2-D network (Fig. 3b). As for the polymorph a discussed above, the dicationic and mono anionic tectons are again interconnected through strong charge assisted H-bonds with the N-N distance varying between ca 2.85 and 2.96 Å (Fig. 5a). However, in marked contrast with 50 the polymorph a for which each dianionic unit is connected to two (one on each side) tectons 2-2H + , surrounded by four [Ag(CN)2] -anions (two on each side) disposed in parallel fashion leading thus to the formation of a 1-D neutral network (Fig. 3a and4a), in the case of the polymorph b, although the 55 connectivity between anionic and cationic tectons also takes place through a bis monohapto mode of H-bonding on each face of 2-2H + by two [Ag(CN)2] -anions, the latter are not parallel but twisted (twist angle of 61.8°) (Fig. 3b and5a). Consequently, each dication 2-2H + is connected to four 60 organic tectons by four anionic units leading to a neutral 2-D network (Fig. 5b). Within the 2-D network, the distance between two consecutive silver cations is Although the formation of the pure polymorph b could be 10 established by PXRD which revealed a single crystalline phase (Fig. 6), the polymorph a could not be isolated as a pure polycrystalline material. 4) and 1.140( 4) Å for M = Ag and between 1.131( 5) and 1.144( 5) Å for M = Au (Fig. 7). The 1-D network is formed by H-bonds between the anionic and cationic tectons with the N-N distance of ca 2.84 9)-1.119(9) Å ranges respectively. As for the other cases discussed above, anionic and cationic tectons are 65 hydrogen bonded with the N-N distance varying between ca 2.82 and 2.84 Å. Within the 1-D network, the Au-Au distance of ca 4.63 Å is rather long (Fig. 8a). The 1-D networks, running along the b axis, are packed in a parallel fashion along the a axis with a Au-Au distance of ca 8.42Å (Fig. 8b).

As for the 2-2H + analogue, for 4-2H + , although along a axis the networks are packed in parallel fashion, they are not parallel along the c axis with a tilt of 42.7° with respect to those along the b axis (Fig. 8c). Along the c axis, the Au-Au distance is ca 19.48 Å.

The dodecadecyl alkyl chains are interdigitated along both a and c axis (Fig. 8b andc). 5)-1.136(6) Å ranges are observed respectively. All dicationic and mono anionic units are interconnected through strong charge assisted H-bonds with N-N distance varying between ca 2.83 and 2.89 Å (Fig. 9a). The connectivity mode is analogous to the one observed for the polymorph b obtained upon combining 2-2H + with [Ag(CN)2] -(Fig. 3b). Consecutive [Ag(CN)2] -anions twisted with an angle of 64.0° (Fig. 9a). Within the 2-D network, a rather short Ag-Ag distance of ca 3.32 Å is observed (Fig. 9b). The shortest Ag-Ag distance between consecutive planes is equal to ca 22.31 Å. For the [M(CN)2]2[X-2H + ] (M =Ag or Au and X = 1 15 -3) systems for which 1-D arrays are packed in a parallel mode along both other axes, whereas the M-M distance between consecutive networks along a axis does not reflect the difference in size between H for 1-2H + and hexyl chains for 3-2H + , along the c axis, the M-M distance increases with the size of the substituent (7.15 Å and 7.37 Å for M = Ag, and Au respectively for 1-2H + and 13.80 and 13.75 Å for M = Ag, and Au respectively for 3-2H + ). For [Ag(CN )2]2[2 

Experimental

Single-Crystal Studies.

Data were collected at 173(2) K on a Bruker APEX8 CCD Diffractometer equipped with an Oxford Cryosystem liquid 85 N2 device, using graphite-monochromated Mo-Ka (l = 0.71073) radiation. For all structures, diffraction data were corrected for absorption and structural determination was achieved using the APEX (1.022) package. The hydrogen atoms were introduced at calculated positions and not refined 90 (riding model). 23

Powder diffraction studies (PXRD)

Diagrams were collected on a Bruker D8 diffractometer using monochromatic Cu-Ka radiation with a scanning range between 3.8 and 30° using a scan step size of 2°/mn.
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Luminescent images

Luminescence images have been obtained using the Zeiss Axioplan 2 microscope equipped with a Filter Set 02488002-9901-000 G 365 FT 395 LP 420 (G = excitation, LP = dichroic mirror).

Synthesis

The synthesis of [2-2H + ][Cl -]2 has been already described. 18 The chemicals purchased from commercial sources were used without further purification. The synthesis of [3-2H + ][Cl -]2 and [4-2H + ][Cl -]2 have been achieved following the already described procedure 18,[START_REF] Félix | [END_REF] for [2-2H + ][Cl -]2 (scheme 1).

Synthesis of the dinitrile 6 [START_REF] Félix | [END_REF] : A solution of malononitrile 5 (5 g, 75.7 mmol) in anhydrous THF (100 ml) was added dropwise to a suspension of NaH (4.5 g, 189 mmol) in THF (80 ml) at 0°C and the mixture was stirred for 2 hrs before 1bromohexane (31.2 g, 189 mmol) dissolved in 40 ml of dry THF was added. The mixture was refluxed for 26 hrs under argon. The excess of sodium hydride was quenched with MeOH (15 ml) and solvents were evaporated. The product was extracted with CH2Cl2 (160 ml) and the organic layer was washed with H2O (200 ml) and a saturated solution of NaCl 20 (200 ml) before it was dried over MgSO4 and evaporated. The residue was purified by column chromatography (SiO2, cyclohexane) affording the desired dinitrile 6 as a yellowish oil in 27 % yield. 1 H-NMR (CDCl3, δ ppm): 0.89 (t, 6H, 3 J = 6.3 Hz, CH3), 1.31 (m, 12H, CH2), 1.68 (m, 4H, CH2-CH2-C), a suspension of NaH (4. 3 g, 181 mmol) in THF (80 ml) at 0 °C and the mixture stirred for 30 min. 1-bromododecane (41 g, 164 mmol) dissolved in dry THF (40 ml) was added and the mixture was first stirred during 2 hrs at room temperature and then refluxed for 17 hrs under argon. The excess of sodium hydride was quenched with MeOH (15 ml) and the solvents were evaporated. The residue was suspended in water and the pH was adjusted to 1 with an HCl solution. The product was extracted with Et2O (3 x 100 ml) and the organic layer washed with H2O (100 ml) and a saturated solution of NaCl (100 ml) 40 before it was dried over MgSO4 and evaporated. The residue was further washed with CH2Cl2 (100 ml) and water (100 ml) before it was dried over MgSO4 and evaporated. The residue was purified by column chromatography (SiO2, cyclohexane → CH2Cl2) affording the desired dinitrile 7 as a white solid in 45 74 % yield. 1 H-NMR (CDCl3, δ ppm): 0.88 (t, 6H, 3 J = 6.3 Hz, CH3), 1.26 (m, 36H, CH2), 1.65 (m, 4H, CH2-CH2-C), 1.90 (m, 4H, CH2-C). 13 C-NMR (CDCl3, δ ppm): 14.18 (CH3), 22.77, 25.63, 28.95, 29.24, 29.46, 29.61, 29.68, 31.99, 37.90 (CH2 n-dodecyle + C quat.), 115.91 (CºN).

Synthesis of the diamine 8 [START_REF] Félix | [END_REF] : A BH3 solution in THF (1N, 50 ml) was added dropwise to a solution of the dinitrile 6 (2.0 g, 8.5 mmol) in anhydrous THF (50 ml). The reaction mixture was refluxed for 24 hrs under argon. The excess of BH3 was quenched carefully with water (10 ml) and the solvents were 55 evaporated. To the residue thus obtained, 100 ml of a solution (MeOH 50%, H2O 25%, HCl (12N) 25%) was added and the mixture refluxed overnight. After evaporating the solvents, an aqueous solution of NaOH was added dropwise until the pH 13 was reached. The product was extracted several times with 60 CH2Cl2 (3 x 80 ml). The organic layer was further washed with H2O (80 ml), dried over MgSO4 and evaporated to dryness affording the diamine 8 as a colourless oil in ca 90 % yield. The latter was directly used in the next step. 1 H-NMR (CDCl3, δ ppm): 0.87 (t, 6H, 3 J = 6.5Hz, CH3), 1. 15, 1.30 (m, 65 20H, CH2 n-hexyle), 2.51 (s, 4H, CH2-NH2). 13 C-NMR (CDCl3, δ ppm): 14.00 (CH3), 22.62, 22.82, 30.24, 31.82, 32.49, 40.27 (CH2 n-hexyle + C quat.), 46.13 (CH2-NH2). Synthesis of the diamine 9 [START_REF] Félix | [END_REF] : A BH3 solution in THF (1N, 110 ml) was added dropwise to a solution of the dinitrile 7 (6 70 g, 15.8 mmol) in anhydrous THF (50 ml). The reaction mixture was refluxed for 24 hrs under argon. The excess of BH3 was quenched carefully with water (20 ml) and the solvents were evaporated. To the residue was added to 200 ml of a mixture of MeOH (50%), H2O (25%) and HCl (12N, 75 25%) and the mixture was refluxed 22 hrs. After evaporating the solvents, an aqueous solution of NaOH was added dropwise until the pH = 13 was reached. The product was extracted several times into CH2Cl2 (3 x 100 ml). The organic layer was further washed with H2O (10 ml), dried over MgSO4 

Formation of crystals of [2-2H + ][Ag(CN)2 -]2 (polymorph

Formation of crystals of [3-2H + ][Ag(CN)2 -]2:

The same procedure as for [3-2H + ][Au(CN)2 -]2 was applied using 12 mg of KAg(CN)2. Yield ca. 70%. IR: nC≡N = 2138 cm -1 . Decomposition above 300 °C. 

Formation of crystals of [4-2H + ][Au(CN)2 -]2 (polymorph

Fig. 1 :

 1 Fig. 1: Schematic representation of the formation of 1-D networks and their packing in the solid state for combinations of dicyanometallate and tecton 1-2H + (a) and its tetraalkylated analogues X-2H + (X = 2-4) (b).10

50For the cationic part 3 -

 3 2H + , the C-N distances vary between 1.310(3) and 1.322(3)Å with the N-C-N angle of 121.0(2) and 121.1(2)°. These values are close to those observed for the analogous compounds [1-2H + ][Cl -]2 10,16 and [2-2H + ][Cl - ]2. 18 Both six-member amidinium cycles adopt a half chair 55 conformation and are almost parallel and tilted with respect to the phenyl ring with the NCCC dihedral angle varying between 38.53(27) and 42.51(38)°. The average distance of ca. 7.02 Å between nitrogen atoms belonging to two amidinium units 3-2H + localised on the same side of the 60 molecule is in accordance with what was observed for analogous compounds [1-2H + ][Cl -]2 10,16 and [2-2H + ][Cl -]2. 18

  65 molecules are interconnected through H-bonds (dO-O = 2.813(3) Å) and form a pair. They are further H-bonded with both the dicationic units (dO-N = 2.813(3) Å and 2.898(3) Å) and chloride anions (dO-Cl = 3.117(2) Å and 3.164(2) Å). The water pair, by bridging consecutive dicationic tectons, leads 70 thus to the formation of a 1-D network (Fig. 2). The Cl -anions also interact with the dication through H-bonds (dN-Cl = 3.095(2) and 3.136(2) Å). The analogous hydrochloride salt [2-2H + ][Cl -]2 also crystallises in the presence of water molecules (formula 75 C26H44N4Cl2•2H2O) and shows the same type of connectivity i.e. formation of a H-bonded water dimer interconnecting two chloride anions and interacting with the cationic unit.18 

Figure 2 :

 2 Figure 2: A portion of the crystal structure of [3-2H + ][Cl -]2 showing the 80

Figure 3 :

 3 Figure 3: Schematic representation of the polymorph a (a) and b (b) observed for the combination of X-2H + (X=1-4) with [M(CN)2] -(M=Ag or Au). Whereas for the polymorph a the connectivity mode leads to the formation of a 1-D H-bonded network, for the polymorph b, it generates a 2-D H-bonded network. For the latter, [M(CN)2] -rod-type anions and cations are differentiated by colour ((blue and green) and (grey and red) respectively) for clarity.
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 20 )° and NCAg angle of 174.1(3)° and 175.9(3)°. The Ag-C and CºN distances are in the 2.066(3) and 2.069(2)Å and 1.139(3) and 1.144(3) Å ranges respectively. All the dicationic and monoanionic tectons are interconnected through strong H-bonds and electrostatic charge-charge interactions, leading thus to a neutral 1-D H-bonded network. As expected and previously observed for [1-2H + ][M(CN)2] (M Ag or Au)15 , the bridging of consecutive 2-2H + units by [Ag(CN)2] -anions takes place through a monohapto mode of H-bonding (one at each end of the anion) between N atoms of the anion acting as H-bond acceptor and acidic protons of 2-2H + (N-N distances varying between ca 2.87 and 2.88 Å) (Fig.4a). Consequently, each 2-2H + is surrounded by four [Ag(CN)2] -anions. Owing to the length of the spacer (phenyl group) connecting the two cyclic amidinium units, the two [Ag(CN)2] -anions, disposed in a parallel fashion, located on the same side of the organic tecton are in close proximity with a Ag-Ag distance of ca 4.42 Å. The 1-D networks, running along the c axis, are packed in a parallel fashion along the a axis, with inter-network Ag-Ag distances of ca 6.80 Å (Fig.4b). In marked contrast with the 1-2H + for which the 1-D networks pack in parallel fashion along both other axes, for 2-35 2H + , although along a axis the networks are packed in parallel fashion however, along b axis, the 1D networks are tilted by 60.9° with respect to those along the a axis (Fig.4c).

Figure 4 :

 4 Figure 4: Portion of the crystal structure of [Ag(CN)2]2[2-2H + ] for the 40

Figure 5 :

 5 Figure 5 : Portions of the crystal structure of [Ag(CN)2]2[2-2H + ] for the polymorph b showing the interconnection of consecutive cationic tectons by anionic units (a) and of the 2D network viewed in the (100) plane (b).For the view presented in a, the Ag atoms are eclipsed and consecutive [Ag(CN)2] -rod-type anions are located in consecutive planes (see figure3b). Cationic tectons belonging to consecutive planes are differentiated by colour. For distances and angles, see text. H atoms are not represented for clarity, unless involved in H bonding.

Figure 6 :

 6 Figure 6: Comparison of the simulated (a) and recorded (b) PXRD patterns for the polymorph ß obtained upon combining [Ag(CN)2] -anion with tecton 2-2H + .[M(CN)2]2[3-2H + ] (M = Ag orAu): For combinations of tecton 3-2H + , with [M(CN)2] -(M = Ag or Au), we were only able to generate a 1-D H bonded network analogous to the 20

and 2 .

 2 86 Å for M = Ag and ca 2.82 and 2.85 Å for M = Au. 35 The M-M distance of ca 4.92 Å for M= Ag and ca 4.44 Å for M = Au is rather long. As observed for [M(CN)2]2[1-2H + ] (M = Ag, Au) 15 , the 1-D networks, running along the c axis, are packed in a parallel fashion along the a and c axis, with Ag-Ag and Au-Au distances of ca 6.49 Å and 6.53 Å respectively 40 along a and ca 13.80 Å and 13.75 Å respectively along c.

Figure 7 :

 7 Figure 7: A portion of the structure of [Ag(CN)2]2[3-2H + ] showing the parallel packing of consecutive H-bonded 1-D networks in the (100) plane (a) and perpendicular to the c axis (b). C atoms of consecutive networks 45

Figure 8 :

 8 Figure 8 : Portions of the structure obtained upon combining 4-2H + with [Au(CN)2] -showing the connectivity pattern between the anionic and cationic tectons forming a 1-D H-bonded network running along the b axis (a), the parallel packing of the 1-D networks along the a axis (b) and along the c axis (c). For distances and angles see text. For the representation of packing (a and b, the consecutive networks are differentiated by colour and H atoms are omitted for clarity. For the 2D organisation obtained with [Ag(CN)2] -, two of the four alkyl chains of 4-2H + are disordered. For the anionic partner, coordination geometry around the Ag(I) centre is linear (CAgC angle of 180.000(1)°). NCAg angles of 175.4(5)° and 179.0(5)°) and Ag-C and CºN distances in the 2.062(6)-2.065(5) Å and 1.120(5)-1.136(6) Å ranges are observed respectively. All dicationic and mono anionic units are interconnected through strong charge assisted H-bonds with N-N distance varying between ca 2.83 and 2.89 Å (Fig.9a). The connectivity mode is analogous to the one observed

Figure 9 :Figure 10 :

 910 Figure 9 : Portions of the structure of the 2-D network formed between 4-2H + and [Ag(CN)2] -showing views along (a) and perpendicular (b) to Ag-Ag axis. For distances and angles see text. H atoms are not represented 35

Figure 11 :

 11 Figure 11 : Photomicrograph showing the blue luminescence of the [M(CN)2]2[X-2H + ] crystals (M =Ag or Au and X = 2-4) when irradiated in the 370 nm region for a) [Ag(CN)2]2[2-2H + ] (1D), b) [Ag(CN)2]2[2-2H + ] (2D), c) [Au(CN)2]2[3-2H + ] and d) [Ag(CN)2]2[4-2H + ]

  a): Colourless crystals were obtained upon slow evaporation of a solution of [2-2H + ][Cl -]2 (4 mg) and KAg(CN)2 (3 mg) dissolved in EtOH (5 ml). Yield: ca. 65%. IR: nC≡N = 2134 cm -1 . Decomposition above 280 °C. Formation of crystals of [2-2H + ][Ag(CN)2 -]2 (polymorph b): In a crystallization tube (4 mm diameter) equipped with a stopper, upon slow diffusion at 4 °C, through a layer of distilled H2O (0.6 ml), of a MeOH solution (0.4 ml) of [2-2H + ][Cl -]2 (4 mg) into an aqueous solution (0.6 ml) of KAg(CN)2 (4 mg), colourless crystals of [2-2H + ][Ag(CN)2 -]2 were obtained after two weeks. Yield: ca. 75%. IR: nC≡N = 2137 cm -1 . Decomposition above 280 °C.Formation of crystals of [3-2H + ][Au(CN)2 -]2:A saturated MeOH solution (5 ml) of KAu(CN)2 (12 mg) was added to a saturated MeOH solution (5 ml) of [3-2H + ][Cl -]2 (10 mg). The white precipitate thus obtained was filtered after one hour and redissolved in a minimum of iPr-OH. Colourless crystals of[3-2H + ][Au(CN)2 -]2 appeared after several days upon slow evaporation at room temperature. Yield: ca. 45%. Elemental analysis: C42H68Au2N4, calculated: C = 49.31 %, H = 6.70 %, N= 5.48 %, found: C = 50.11 %, H = 6.54 %, N= 4.9 %. IR: nC≡N = 2156 cm -1 . Decomposition above 300 °C.

  a): A saturated MeOH solution (5 ml) of KAu(CN)2 (10 mg) was added to a saturated MeOH solution (5 ml) of[4-2H + ][Cl - ]2 (10 mg). The white precipitate thus formed was filtered after one hour and redissolved in a minimum of MeOH. Colourless crystals of [4-2H + ][Au(CN)2 -]2 appeared after ca 2 weeks upon evaporation at room temperature. Yield: ca. 55%. Elemental analysis: C66H116Au2N8, calculated: C = 56.00 %, H = 8.26 %, N= 7.92 %, found: C = 56.41 %, H = 7.97 %, N= 7.28 %. IR: nC≡N = 2154 cm -1 . Decomposition above 300 °C. Formation of crystals of [4-2H + ][Ag(CN)2 -]2 (polymorph b): The same procedure as for [4-2H + ][Au(CN)2 -]2 was applied using 10 mg of KAg(CN)2. Yield: ca. 55%. Elemental analysis: C66H116Ag2N8, calculated: C = 64.06 %, H = 9.45 %, 60 N= 9.06 %, found: C = 63.26 %, H = 8.86 %, N= 8.91 %.Yield : ca. 75% . IR: nC≡N = 2135 cm -1 . Decomposes above 300 °C.Notes and referencesa Laboratoire de Chimie de Coordination Organique, UMR CNRS-UdS 65 7140, Université de Strasbourg, Institut Le Bel, 4, rue Blaise Pascal, F-67000 Strasbourg, France CCDC reference numbers 790491 -790497. For crystallographic data in CIF or other electronic format see DOI: 10.1039/b000000x/ 70 This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 9Table 1. Crystallographic Parameters (wavelength = 0.71073 Å, at 173K) for [X-2H + ](X= 2-4) combined with Cl -, Au(CN)2 -or Ag(CN)2
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