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Abstract  
 
The combination of cation of 1,4-diamidiniumbenzene hydrochloride (H2DAB∙Cl2) with 

[Re6Q8(CN)6]4– (Q = S, Se) or [Re6S8(CN)4(OH)2]4– leads to solid-state compounds of formula 

(H2DAB)2[Re6Q8(CN)6]∙nH2O (Q = S, n = 2.5 (1) or Q = Se, n = 2 (2)), and 

(HDAB)2[Re6S8(CN)4(H2O)2]∙7H2O (3). Two isostructural compounds are formed through the 

monohapto recognition mode between H bond donors (H2DAB2+) and H bond acceptors (the 

–CºN moieties of the cluster anions). A 2D system involving water molecules was formed, 

whereas with the disordered [Re6S8(CN)4(H2O)2]2– anion, a deformed diamondoid porous 

compound was obtained. Moreover, amidinium cation becomes partially deprotonated 

(HDAB+). These are rare examples of reliable charge assisted H bonded network involving 

Re cyanide clusters. 

 
 
 
Keywords: rhenium cluster, cyanide, dications, H bonds, amidinium, Charge Assisted H-Bonding  
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1. Introduction  
 

The obtaining of molecular materials with specific and targeted properties can be 

achieved using several approaches. The use of soft and reversible interactions enables a high 

modularity and processability and the formation of large crystals, useful for structure 

determination. This leads to compounds presenting optical, electric, magnetic, catalytic, 

zeolitic properties. In the field of weak and reversible bonds, the use of halogen bonds leads 

to molecular compounds presenting interesting mechanical properties, for example [1],[2]. 

For the formation of functional molecular compounds, the hydrogen bonds [3] have been 

extensively used, sometimes in combination with electrostatic interactions (Charge-Assisted 

Hydrogen Bonding, CAHB [4]), which allows the formation of robust molecular networks 

with reliable recognition patterns. The formation of H-bonded molecular networks has been 

well-documented during the last decades, with the formation of purely organic functional 

HOFs [5],[6]. In addition, the mastering of weak and reversible H bonds allows the formation 

of multicomponents “hybrid” hydrogen bonded networks (called sometimes “metallized 

HOFs”) involving both inorganic (with reliable geometry, rigidity and introducing physical 

properties) and organic (presenting shape and structural versatility, flexibility) building blocks, 

leading to networks, displaying a wide range of properties [6]. While some examples are 

involving cationic metallic H bond donors [7], the formation of hydrogen bond-based hybrid 

(organic/inorganic) networks in the crystalline phase has been well illustrated, for example 

through the use of discrete mononuclear anionic cyanometallate [8],[9] or metal-oxalate 

derivatives [10],[11]. For mononuclear cyanometallate, the electron-donating potential of 

cyanometallate anions is not restricted to the formation of coordination bonds [12] and several 

material design strategies have been devoted on CAHB (Charged Assisted Hydrogen 

Bonding) involving cyanometallate based anions combined with organic hydrogen bond 

donors. Hexacyanoferrate(II) or Hexacyanoferrate(III), assembled with cationic N hydrogen 

bond donors bisamidinium derivatives leads to robust hydrogen bonded networks 

[13],[14],[15],[16]. Using [M(CN)2]– (M=Ag or Au) anions, the reported compounds present 

luminescent properties [17],[18]. Multinuclear cyanometallate can also be used, and along this 

line, metallic clusters [19] appears to be candidates of choice due to their large size and rigid 

geometry. The multinuclear cyanometallate clusters [Re6Q8(CN)6]n– (Q = S, Se, Te) have 

been used for the formation of coordination networks, “super Prussian blue” [20],[21],[22]. 

The [Re6Q8(CN)6]4– (Q = S, Se or Te) [23],[24],[25],[26] and [Re6Q8(CN)4(OH)2]4– (Q = S, 

Se) [27],[28],[29] anions have been fully characterized from a structural point of view and 
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their electronic properties have been elucidated. They are also involved in H bonds: 

(Ph4P)2(H)[Re6Se8(CN)6]·8H2O [ 30 ], [(CH3)C(NH2)2]4[Re6Se8(CN)6] [ 31 ], 

[Zn(NH3)4]2[Re6Te8(CN)6] [ 32 ], (EDT-TTF-CONH2)6[Re6Se8(CN)6] [ 33 ],[ 34 ], 

(Bu4N)2H[Re6Te8(CN)6]·2H2O or H[cis-Fe(H2O)2][Re6Se8(CN)6] ·2H2O [ 35 ], 

[(H){Ln(H2O)4}{Re6S8(CN)6}]∙2H2O (Ln = Yb, Lu) [36]	 and metallomesogens based on Re6 

clusters [37].  

In addition, in our group, we combined luminescent [Re6Q8(CN)6]4– (Q = S or Se) with 

a non-emissive bisamidinium cation, providing a network in which the stabilization is mainly 

driven by H-bonds [38],[39]. Anions [Re6Q8(CN)4(OH)2]4– (Q = S, Se) also revealed to be 

embedded in strong H bonds networks [27],[40],[41]. 

Continuing our research of obtaining reliable and rationalizable hydrogen bonded 

networks, we intend to explore the formation of CAHB networks using a cationic rigid H 

bond donor species (cation of 1,4-diamidiniumbenzene), combined with rhenium cyano 

clusters [Re6Q8(CN)6]4– (Q = S, Se) and also [Re6S8(CN)4(OH)2]4–. Such cations are well 

known to form robust CAHB networks and have been encountered in many functional purely 

organic H bonded networks: porous networks [ 42 ],[ 43 ], compounds presenting proton 

conduction [44] or formation of radicals [45], and also involved in hybrid organic inorganic 

networks in metaloxallato [10],[11] and cyanocuprates [46]. 

Here below we will describe the 2D and 3D hybrid H-bonded networks that have been 

obtained using [Re6Q8(CN)6]4– (Q = S, Se) or [Re6S8(CN)4(OH)2]4– combined with 1,4-

diamidiniumbenzene. The formation of the observed structures could be rationalized. 

 
1 Experimental Section 
 

1.1 General Materials 

H2DAB∙Cl2 (1,4-diamidiniumbenzene chloride) was obtained using the latest reported high 

yield synthesis [47]. Cs4[Re6S8(CN)6]∙3H2O and Cs4[Re6Se8(CN)6]∙3H2O were obtained by 

recrystallization from concentrated aqueous solution of Cs3K[Re6S8(CN)6]·2H2O [48] and 

K4[Re6Se8(CN)6]·3.5H2O [23] with twenty-fold excess of CsCl. 

(Cs,K)4[Re6S8(CN)4(OH)2]∙2H2O was synthesised as already reported [27]. 

 
1.2 Compounds synthesis 

Compounds (H2DAB)2[Re6S8(CN)6]∙2.5H2O (1), (H2DAB)2[Re6Se8(CN)6]∙2H2O (2) and 

(HDAB)2[Re6S8(CN)4(H2O)2]∙7H2O (3) were obtained using the same method: a 2 ml 

aqueous solution of organic H2DAB∙Cl2 (C = 7.5 mM) was layered in a thin tube on 3 ml of 
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aqueous solution of corresponding cluster (C = 0.5 mM) with addition of one drop of 

concentrated HCl. Yellow crystals suitable for X-ray diffraction were grew directly on the 

tube walls after few days. Yield 2–3 mg, ~ 40–50%. 

(1) Anal. Calc for C22H33N14O2.5Re6S8 (air dried) : C, 13.85%; H, 1.74%; N, 10.28%; Found: 

C, 13.83%; H, 1.72%; N, 10.29%.  
EDS: Re : S 6 : 7.9.  

IR: υ(CN) 2117 cm–1, also present all bands, corresponding to H2DAB2+. 

(2) Anal. Calc for C22H32N14O2Re6Se8 (air dried): C, 11.62%; H, 1.42%; N, 8.62%; Found: C, 

11.61%; H, 1.43%; N, 8.61%.  
EDS: Re : Se 6 : 8.1. 

IR: υ(CN) 2102 cm–1, also present all bands, corresponding to H2DAB2+. 

(3) Anal. Calc for C20H42N12O9Re6S8 (air dried): C, 12.20%; H, 2.15%; N, 8.54%; Found: C, 

12.20%; H, 2.22%; N, 8.54%.  

EDS: Re : S 6 : 7.8.  

IR: υ(CN) 2106 cm–1, also present all bands, corresponding to HDAB+. 

 

1.3 Characterization of the compounds 
 
The characterizations have been performed on polycrystalline samples. 

FT-IR spectra were recorded on a Perkin Elmer ATR spectrometer.  

Elemental analyses were performed by the Service de Micro-analyses de la Federation de 

Recherche Chimie of the University de Strasbourg. 

The EDS analysis was performed with a high-resolution JEOL JSM 6700F scanning electron 

microscope with an energy-dispersive analyser of the chemical composition.  

Thermogravimetric analysis (TGA) was carried out with NETZSCH TG 209 F1 Iris Thermo 

Microbalance Instrument, (He flow 30 ml/min in an Al2O3 crucible, heating rate 10 °C/min in 

the temperature range 30 – 600 °C). 

Optimization of the geometric parameters of organic fragment H2DAB2+ (C8H14N4), HDAB+ 

(C8H13N4) and neutral DAB (C8H12N4) were performed using the density functional theory in 

the software package AMS2022 [49 ]. The calculations of IR spectra were carried out in the 

TZP all-electronic basis [50]	 using the GGA BP86 functional [51]. The zero-order regular 

approximation (ZORA) was used in all calculations in this work to take into account the 

scalar relativistic effects [52]. 
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Crystallography  
For all the compounds, the data were collected at 173(2) K on a Bruker APEX8 CCD 

diffractometer equipped with an Oxford Cryosystem liquid N2 device, using graphite-

monochromated MoKα (λ= 0.71073 Å) radiation. The refinement and all further calculations 

were carried out using SHELXL-2014 [53] (for 2) and SHELXL-2017 (for 1 and 3) [54]. The 

H-atoms were included in calculated positions and treated as riding atoms using SHELXL 

default parameters. For 1 and 2 the O1 atom of the water molecule, corresponding to an 

electron density of ~8 (1) or 8.7 (2) e/A3, is located in a void with no acceptor. The closest 

O1-Q contact is 3.5 (Q = S, 1) or 3.6 (Q = Se, 2) Å. In addition, O1 also acts an acceptor for 

the NH bond of the cation (N4 atom).  

For 3, N4 atom belongs to disordered CN group with s.o.f equal to 0.5. The hydrogen atoms 

of the solvate water molecules in 3 have not been included in the structure refinement due to 

the strong disorder of the water molecules in the voids of the structure. The structure 

refinement bias (WGHT) can be improved by removing solvent water molecules (SQUEEZE). 

The non-H atoms were refined anisotropically, using weighted full-matrix least-squares on F2. 

A semi-empirical absorption correction was applied using SADABS in APEX2 [55]. Pore 

volume was calculated using the PLATON program [56]. 

CCDC Numbers for (H2DAB)2[Re6S8(CN)6]∙2.5H2O: 2326357, 

(H2DAB)2[Re6Se8(CN)6]∙2H2O: 2326356 and (HDAB)2[Re6S8(CN)4(H2O)2]∙7H2O: 2326355. 

Crystal data and structure refinement parameters are listed in Table 1. 

Powder diffraction studies (XRPD)  
Diagrams were collected on polycrystalline samples, on a Bruker D8 diffractometer using 

monochromatic Cu-Kα radiation with a scanning range between 4 and 40° using a scan step 

size of 8° mn−1. The calculated XRPD diagrams were obtained using PCW software [57] on 

cif file of 1. 

2 Results and discussion 
 

[Re6Q8(CN)6]4– (Q = S or Se) anions present six pendant terminal –CºN groups, 

orthogonally disposed at the vertices of the octahedral Re6 cluster [ 58 ], whereas 

[Re6S8(CN)4(OH2)2]2– [27] presents two neutral OH2 terminal groups located in trans position 

and the four –CºN ligands are located in the basal plane (Figure 1a). The average distances 

between the nitrogen atoms of –CºN groups within cluster are around 7 Å for –CºN groups 

in cis position and 10 Å for the groups in trans position for [Re6Q8(CN)6]4– (Q = S, Se) and 

[Re6S8(CN)4(OH2)2]2–. 
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DAB derivatives are rigid spacer between the protonated amidine moieties, and the 

average distances between the N atoms of linked amidinium moieties are 7 Å in the flat model 

(Figure 1b) [44]. This feature appears unfavourable for the regular dihapto recognition mode 

through H bond between the donors and acceptors, that is frequently encountered in discrete 

mononuclear anionic cyanometallate combined with amidinium moieties [8].  

 
 

Figure 1. Structures and their metrics of a) Cluster anions [Re6Q8(CN)4L2]4– (Q = S, Se; L = 
CN or OH) and b) the organic cation H2DAB2+. 

 
Using usual techniques for forming suitable single crystals for XRD (slow diffusion), three 

single crystalline compounds were obtained (see experimental part). A series of two 

isostructural 2D H bonded compounds was obtained with [Re6Q8(CN)6]4–, presenting the 

formula (H2DAB)2[Re6Q8(CN)6]∙nH2O (Q = S or Se) and a 3D H bonded compound was 

obtained when combining H2DAB∙Cl2 with [Re6S8(CN)4(OH)2]4– in acidic media presenting 

the formula (HDAB)2[Re6S8(CN)4(H2O)2] ]∙7H2O.  

Both structures are described here below. In all cases, the anion/cation stoichiometry is 1/2. 

The geometry of the [Re6Q8(CN)6]4– (Q = S or Se) and [Re6S8(CN)4(H2O)2]2– anions and also 

within H2DAB2+ are not discussed: the observed distances and angles are corresponding to 

what is usually observed in such species (see distances in the Table 2). 

 

2.1 Structure of (H2DAB)2[Re6Q8(CN)6]∙nH2O (Q = S (1) or Se (2)) 
	

The combination of H2DAB∙Cl2 with [Re6Q8(CN)6]4– (Q = S or Se), leads to the 

formation of two isomorphous and isometric compounds (see crystallographic Table, Table 1) 
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of formula (H2DAB)2[Re6Q8(CN)6]∙ nH2O (Q = S, n = 2.5 (1) or Q = Se, n = 2 (2)). The H 

bonded compounds can be described as a 2D H-bonded system, where a plane is presented in 

figures 2a and 2b.  

The structure of compound (2) will be described here below, since the distances for (1) 

can be found in Table 2. In the unit cell, one can find two protonated cations H2DAB2+, one 

Re6Se8(CN)6]4– anion and two water molecules. In the cation, the C–N in H2DAB2+ are in the 

1.29-1.33Å range (see Table 2), which corresponds well to the distances in the fully 

protonated dication H2DAB∙Cl2 (1.305(3)-1.317(4)Å) [59]. Each [Re6Se8(CN)6]4– anionic 

cluster is surrounded by eight cations oriented as shown in figure 2d: as already mentioned, 

the recognition mode between cations (amidinium moieties) and anions is in monohapto mode. 

It means that each of the 6 pendant C ºN moieties of [Re6Se8(CN)6]4– are interacting at least 

with one dication, and for two of them with two cationic moieties, with N…N distances in the 

2.944(8)-3.071(8) Å range, as shown in Table 2. On the other side, each dication is 

surrounded by 4 anions as shown in figure 2c. It is interesting to note, that from one side of 

each cation, the NH2+ moieties are interacting with two anions, in bifurcated H bonds, and on 

the other side, one of the N atoms is not involved in H bonds, and the other is involved in a H 

bond with a water molecule with a N…OW distance of 2.895(8) Å. As a consequence, a 2D 

compound is formed, the layer is located the xOy plane, and the anions being surrounded on 

each side, along the a axis, with parallelly organised cations. In the interlayer space, one can 

find water molecules, but the water molecules are pointing at the surface of the formed planes, 

and are not gluing the planes together, parallel stacked along the c axis. The replacement of 

Se atoms by S (or comparing structure of 2 and structure of 1) leads to small increase of the 

free space between the cluster anions, and thus 0.5 water molecule (per unit cell) can be 

additionally introduced (as seen form the general formula). The O1w∙∙∙N distance for oxygen 

atom with fully occupancy is 2.914(6) Å while O2w∙∙∙N (0.5 occupancy) is 3.033(5) Å. The 

shortest contacts O1w∙∙∙Q is 3.82 Å (Q = S, 1) against 3.71 Å (Q = Se, 2) and O1w∙∙∙NºC is 

3.315 Å, O2w∙∙∙ NºC 3.73 Å for compound 1 against Ow∙∙∙NºC 3.51 Å for 2. 
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a	 b	

	

	

c	 d	
	
Figure 2. Structure of (2), (a) The layered structure in the xOy plane; (b) a plan viewed along 
the a axis, and the stacking of the planes in the xOz plane, along the c axis.(c) the surrounding 
around H2DAB2+ dication (d) the surrounding around the [Re6Se8(CN)6]4– anions; (Black 
dashed lines are representing hydrogen N…N bonds between cluster and cations and red 

dashed lines are representing hydrogen N…O bonds between cations and water molecules). 
The [Re6Se8(CN)6]4– clusters is depicted as green octahedra, the H2DAB2+ – blue plane.  
 
 

2.2 Structure of (HDAB)2[Re6S8(CN)4(H2O)2]∙7H2O (3) 
	

The combination of H2DAB∙Cl2 with [Re6S8(CN)4(OH)2]4– should lead to the 

formation of a compound with formal formula “(H2DAB)2[Re6S8(CN)4(OH)2]”. It is well-

known that in acidic solution (for the synthesis, pH is about 1), the cluster anion 

[Re6S8(CN)4(OH)2]4– is protonated and turns into [Re6S8(CN)4(H2O)]2– form [29]. The 

[Re6S8(CN)4(H2O)2]2– anion in (3) presents two H2O terminal groups located in trans 
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position, and disordered on 4 positions of the basal plane of the octahedron; thus only two 

pendant terminal –CºN moieties are located without ambiguity on the cluster in apical 

positions. In the unit cell, one can find two organic amidinium moeties per one cluster 

anion. In the cation, the C–N distances are equal to 1.252(11)Å and 1.350(11)Å, which is 

very close to the distances in the neutral fragment Benzdiamidine (deprotonated DAB) 

(1.283(3)Å and 1.349(4)Å) [ 60 ], we can then assume that the cation is partially 

deprotonated with a +1 formal charge, HDAB+. Thus, the final formula of compound (3) 

is (HDAB)2[Re6S8(CN)4(H2O)2]∙7H2O. Also 7 water molecules have been refined into the 

porous structure, without strong interaction with the H bonded network (figure 4 b). 

Each [Re6S8(CN)4(H2O)2]2– anionic cluster is surrounded by eight cations, and this 

presents the same coordination pattern as in the case of 1 and 2, with different orientations 

of the dications around the metallic anions (figure 3).  

 
 

a b 

Figure 3. For (3), (a) the surrounding around HDAB+ ; (b) the surrounding around the 
[Re6S8(CN)4(H2O)2]2– anions. (Black dashed lines are representing hydrogen N…N bonds 

between clusters and cations and red dashed lines are representing hydrogen N…O bonds 
between pendant C ºN and aqua) 

	
On the other side, each cation is surrounded by 4 anions as shown in figure 3a, and the 

four N donating atoms are involved in N…N (2.602(17) and 3.007(9) Å). There are also 

HN…OH2 (2.989(12) Å) H-bonds in the structure of (3) (see distances in Table 2). The H 

bonded compound can be described as a 3D H-bonded system (figure 4 a). An additional 

interesting point is that there are interactions between the clusters through C ºN…HOH 
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(2.947(12) Å) between aqua and pendant C ºN moieties and also through O…O (3.374(8) 

Å) H-bonds (H2O…HOH bonds). The 3D deformed diamondoid porous system is formed 

with short contacts between the clusters in along the b direction, and as a consequence the 

formed channel pores are relatively large, with a diameter of ca 14 Å (see blue spheres in 

figure 4a). The channel walls are formed by N4 of the disordered cyano group (and its 

oxygen), N3 of another cyano group, N1 of the cation and S3 of the anion. Total potential 

solvent area volume per unit cell is 2278.4 Å3, it is about 25.2% of all volume. These 

pores are filled with disordered water molecules, forming thus an extended hydrogen 

bonds as shown in figure 4 b.   

 

 
 

a b 

Figure 4 a and b. For (3), the porous 3D structure (light blue spheres represent the pores); 
(Black dashed lines are representing hydrogen N…N bonds between clusters and cations and 

red dashed lines are representing hydrogen N…O bonds between pendant C ºN and aqua, blue 
spheres are representing the pores). 
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Table 2. Crystallographic table for (1)-(3) recorded at 100K 
 

 (1) (2) (3) 

Chemical formula 
C22H33N14O2.5Re6S8 

‘C6N6Re6S8, 2(C8H14N4), 
2.5(H2O)’ 

C22H32N14O2Re6Se8 

‘C6N6Re6Se8, 2(C8H14N4), 
2(H2O)’ 

C20H42N12O9Re6S8 

‘C4N4Re6S8O2H4, 

2(C8H13N4) 7(H2O)' 
 

Formula weight, g/mol 1907.30 2273.49  1842.22  
Crystal size, mm 0.040 x 0.040 x 0.050 0.030 x 0.030 x 0.040 0.050 x 0.060 x 0.060  
Crystal system triclinic triclinic monoclinic 
Space group P -1 P -1 C 2/m 

Unit cell dimensions, Å 

a = 9.9424(2) 
b = 10.4860(2)  
α = 102.4740(10)° 
β = 96.9380(10)° 
γ = 110.5610(10)° 

a = 9.7896(5)  
b = 10.6636(4)  
α = 104.8140(10)° 
β = 95.8230(10)° 
γ = 108.6870(10)° 

a = 19.5782(13)  
b = 14.6650(9)  
c = 8.2219(6)  
β = 105.170(3)° 

Volume, Å3 989.59(3)  1028.42(8)  2278.4(3)  
Z 1 1 2 
Density (calculated), 
g/cm3 3.185  3.671  2.849  

Absorption coefficient, 
mm-1 18.742  24.707 16.295 

F(000) 861 1000 1764 
Theta range for data 
collection 2.01 to 30.00° 1.96 to 28.71° 1.76 to 28.84° 

Index ranges 

–14<=h<=13, 
–11<=k<=14, 
–14<=l<=14 
 

–13<=h<=12, 
–10<=k<=14, 
–14<=l<=14 

–26<=h<=17, 
–16<=k<=19, 
–11<=l<=11 

Reflections collected 22569 10164 3068 
Independent reflections 5672 [R(int) = 0.0333] 4871 [R(int) = 0.0228] 3068 [R(int) = 0.0232] 
Max. And min. 
Transmission 0.5220 and 0.4470 0.5210 and 0.4370 501.0000 and 0.4350 

Data / restraints / 
parameters 5672 / 3 / 243 4871 / 4 / 243 3065 / 0 / 117 

GOOF on F2 1.049 1.011 1.050 
Δ/σmax 0.001 0.015 0.001 

Final R indices 

4650 data; I>2σ(I) 
R1 = 0.0202, wR2 = 0.0413 
all data R1 = 0.0254, wR2 = 
0.0432 

4012 data; I>2σ(I) 
R1 = 0.0274, wR2 = 0.0628 
all data 
R1 = 0.0360, wR2 = 0.0668 

2618 data; I>2σ(I) 
R1 = 0.0274, wR2 = 0.0673 
all data R1 = 0.0355, wR2 = 
0.0717 

Weighting scheme 
w=1/[σ2(Fo2)+(0.0228P)2+
1.4613P] 
where P=(Fo2+2Fc2)/3 

w=1/[σ2(Fo2)+(0.0322P)2+0.2
564P] 
where P=(Fo2+2Fc2)/3 

w=1/[σ2(Fo2)+(0.0345P)2+
2.1950P] 
where P=(Fo2+2Fc2)/3 

Largest diff. Peak and 
hole, eÅ-3 0.718 and –0.868  2.252 and –2.139  2.249 and –1.025  

R.M.S. deviation from 
mean, eÅ-3 0.199  0.280  0.209  
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Table 2. Selected bond length for 1-3, min–max, average, Å 
 

 (1) 
(H2DAB)2[Re6S8(CN)6]∙2.5H2O 

(2) 
(H2DAB)2[Re6Se8(CN)6]∙2H2O 

(3) 
(HDAB)2[Re6S8(CN)4(H2O)2]∙7H2O 

Re–Re 2.5962(2)–2.6034(2), 
2.5998(2) 

2.6272(3)–2.6364(3), 
2.6337(3) 

2.5922(3)–2.5987(4) 
2.5950(4) 

Re–Q (Q = 
S or Se) 

2.4006(11)–2.4138(12) 
2.4074(11) 

2.5151(6)–2.5331(7), 
2.5234(6) 2.4092(13)–2.4203(12), 2.4146(13) 

Re–C 2.108(5) –2.115(4), 2.112(5)  2.103(6)–2.113(6), 
2.109(6) 2.113(8) 

Re-O – – 2.092(4) 
C–N (in 
H2DAB2+ or 
HDAB+) 

1.292(6)–1.318(6), 
1.308(6) 

1.289(8)– 1.328(7) 
1.307(8) 

1.252(11) 
1.350(11) 

C ºN…H-N 
2.926(6)–3.092(6), 
2.996(7) 

2.944(8)– 
3.071(8), 
2.982(8) 

2.602(17) 
3.007(9) 

N…OW 
2.914(6) 
3.033(5) 2.895(8) - 

 
2.3 XRPD data 

 
The XRPD data of (H2DAB)2[Re6Q8(CN)6]∙ nH2O (Q = S, n = 2,5 (1) or Q = Se, n = 2 

(2)) microcrystalline compounds have been recorded. They are presented in figures 5, and 

compared to the calculated diagram for 1. They are showing that the powdered samples 

are polycrystalline.  

The diagram of (HDAB)2[Re6S8(CN)4(H2O)2]∙7H2O (3) is not presented, there are not 

a good matching between the experimental and canculated diagrams. We assume that the 

compound partially loses water molecules when exposed to the air, which is confirmed by 

TGA analysis data, according to which only about 3 solvent water are removed. 
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Figure 5. Comparison of the simulated (calcd, bottom line, for compound 1) and experimental 
powder X-Ray diffraction studies (XRPD) diagrams for isostructural (1) and (2) (Q = S and 

Se). 
	

2.4 IR Spectra 

The experimental IR spectra of (1) and (3) are presented, compared to the calculated ones of 

H2DAB2+, HDAB+ and DAB (figure 6) (see details for calculations in the experimental 

section), in order to determinate the protonation state of the cation. For (1) and (3) vibrations 

of υ(C ºN), organic fragment and water molecules, involved in H bonding appear in the same 

region. However, it is worth noting that the spectrum of compound 3 in the region of 3600–

3000 cm–1 looks more complicated. The valence vibration υ(N-H) in (3) (3628 cm–1) is shifted 

to a higher frequency region compared to the ones observed for (1) (3600cm–1) and is closer 

to the one observed for the monoprotonated form of the cation (3597 cm–1) than the one 

observed for the dication (3542 cm–1). The total amount of bands of symmetric and 

asymmetric υ(N-H) in this region also increased for (3), it is linked to the non-equivalence of 

(NH2) and (NH) groups in the organic fragment. The stretching vibrations υ(OH) of water 

molecules (solvated and coordinated) are also located in this region. For example, bands 

around 3300 cm–1 can be assigned to υa(N-H) for H-N=C group of monocation and to the 

υ(OH2) vibrations. The bending vibrations of water δ(HOH) are located near 1600-1630 cm–1 

almost the same as δ(HNH) in cations (1660-1600 cm–1). Thus, it is difficult to determine 

exactly how these bands are influenced by the hydrogen bonding in compounds (1)–(3) 

because of their strong overlap with the bands corresponding to the organic cations. 
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Figure 6. calculated IR spectra of H2DAB2+, HDAB+ and DAB (three upper lines) and 
experimental IR spectra of compound (3) (blue line) and compound (1) (bottom black line).  
	
	

2.5 TGA characterization 

The thermal decomposition of compounds (1)–(3) was studied by the TG method (see 

TG curves on Figure 7). The total mass loss occurs in two steps for compounds (1) and (2), 

corresponded to the removal of water molecules about 100–180°C, ~2% (1, calcd 1.90%) and 

1.5% (2, calcd 1.58%)) and organic cation (in a range 300–400°C, ~17,5% (1, calcd 17.51%) 

and 14.5% (2, calcd 14.62%)).  

The decomposition of 3 occurs in a more complex way. The process of removing 

solvate water molecules smoothly turns into the removal of cations and coordinated water 

molecules and further cluster decomposition. The TGA diagrams show a clear difference 

between 1, 2 and 3, the broader plateau of 1, 2 (160–280°C) compared with 3 indicating a 

higher thermal stability for the 2D networks. At the first stage about ~2 % of mass loss 

occurs, that can correspond to 3 water molecules instead of 7. Presumably, 3 quickly loses 

some of solvate water when exposed to the air. The temperature of removal of solvate water 

molecules up to 160°C and removal of organic moieties (coordinated or cationic) after 280°C, 

depending on nature of organic part is quite common for cluster chemistry [40][61].  
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Figure 7. Thermal decomposition of compounds (1)–(3) (TG curves). 

	
3 Conclusions 
	
It is interesting to note that to date, the rationalization of the dimensionality of the obtained H-

bonded molecular networks involving [Re6Q8(CN)6]4– (Q = S, Se or Te) and 

[Re6S8(CN)4(H2O)2]2– clusters has never been described in the literature. Through these 

examples, this is the first attempts involving such cyano-based metallo clusters embedded in 

reproducible H-bonded networks. We have previously shown [38],[39] that the molecular 

recognition between flexible bis-amidinium moieties and [Re6S8(CN)6]4– clusters was 

effective and leads to robust luminescent H bonded networks. In this work, we went a step 

further, by using two types of [Re6Q8(CN)6]4– (Q = S or Se) and [Re6S8(CN)4(OH)2]4– anions 

and a rigid organic H bond donor 1,4- diamidiniumbenzene (H2DAB2+), and we demonstrated 

the reliability and reproducibility of the formed 2D H bonded network of formula 

(H2DAB)2[Re6Q8(CN)6]∙ nH2O (Q = S, n = 2,5 (1) or Q = Se, n = 2 (2)) involving water 

molecules. In addition, by choosing cation presenting additional H bond acceptor/donor 

([Re6S8(CN)4(OH)2]4–) a diamond-like 3D H bonded compound of formula 

(HDAB)2[Re6S8(CN)4(H2O)2]∙7H2O where a monocation was observed. 
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These results validate the robustness of our approach to combine cluster metallo-cyano 

based compounds as H bond acceptors and charged H bond donors for the formation of 

molecular compounds of controlled dimentionality. Other compounds are under investigation.	
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