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Abstract 

A series of complexes containing dmen (dmen = N,N-dimethylethylenediamine) units and 

cyano groups, namely bimetallic octanuclear and binuclear [Zn4(dmen)8Ni4(CN)16] (1), 

[Cd4(dmen)8Ni4(CN)16] (2), [Zn(dmen)2Pd(µ-CN)2(CN)2] (3) and [Cd(dmen)2Pd(µ-

CN)2(CN)2] (4), have been synthesized and characterized by elemental, spectral (FT-IR and 

Raman) and thermal analyses techniques. The molecular structures of the complexes have 

been determined by the single crystal X-ray diffraction technique. The X-ray analyses of 1 

and 2 show heterometallic octanuclear cubane-like structures in which Zn(II) or Cd(II) and 

Ni(II) ions reside in alternate corners, whereas complexes 3 and 4 display one-dimensional 

chain structures. 

Keywords: Hetero-octanuclear complexes; Cubane-like complexes; N,N-

dimethylethylenediamine complexes; Tetracyanonickelate complexes; Tetracyanopalladate 

complexes. 
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1. Introduction 

Homo- and heterometallic cubane-like cluster complexes are known for a wide variety 

of transition metals and they appear to be one of the most important common basic structures 

of transition metal cluster complexes [1,2]. Homometallic Mo4S4 cubane-type clusters have 

been known for some 20 years [3,4]. The [M(CN)8]
3-,4- 

(M = Mo, W, Nb) units exhibit various 

geometrical structures such as square antiprism, dodecahedron and bicapped trigonal prism, 

and the cyanide group is a good bridging building block for transition metal complexes. These 

characteristics enable them to be potential building blocks to construct various architectures.  

The ability of the cyano group to link various central atoms has been used in 

organometallic and coordination chemistry for the construction of various super complexes or 

molecular assemblies [5-7] and in the field of supramolecular chemistry for building various 

1D, 2D or 3D structures [8-13]. Cyano complexes with polymeric structures can mimic 

naturally occurring minerals [14-16] and form various types of host-guest systems [17-19]. It 

is known that hexacyanometallates react with simple metal ions to produce Prussian blue and 

its analogues [8,20-23] and with metal complexes to generate mixed valence 

multidimensional networks [24-27]. The crystal structures of a number of cyano-bridged 

complexes involving transition metal ions have been reported [12,28], including some 

trimeric [29] and polymeric species [30].  

The dimensionality of the formed structure can be tuned by bonding to several 

coordination sites on the central atom of the complex cation. Using this approach a large 

number of inorganic-organic hybrid materials based on cyano complexes were synthesized 

and structurally and magnetically characterized [31-34]. Zn(II) and Cd(II) ions, as the cationic 
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central atom in cyano complexes, generally adopt a coordination number of six. We are 

interested in the synthesis, spectral and structural characterization of cyano complexes [35-

38]. In preceding studies, some complexes of N,N-dimethylethylenediamine with metal(II) 

ions were described in several papers [39-45]; however, to the best our knowledge, neither 

crystallographic nor spectroscopic data have been reported so far that would explicitly allow 

the structural analyses of octanuclear cubane-like structures with Zn(II) and Cd(II) N,N-

dimethylethylenediamine complexes of tetracyanonickelate(II) or tetracyanopalladate(II)  

ions. 

Previously, we have characterized several cyano complexes, [Cd(deten)2Ni(µ-

CN)2(CN)2]n [46], [Zn(deten)2Pd(µ-CN)2(CN)2]n and [Cd(deten)2Pd(µ-CN)2(CN)2]n [47] 

(deten = N,N-diethylethylenediamine). As a part of our continuing research on the syntheses 

and characterizations of complexes, we define in this study, the syntheses, spectral (FT-IR 

and Raman), thermal and elemental analyses of [Zn4(dmen)8Ni4(CN)16] (1), 

[Cd4(dmen)8Ni4(CN)16] (2), [Zn(dmen)2Pd(µ-CN)2(CN)2] (3) and [Cd(dmen)2Pd(µ-

CN)2(CN)2] (4). The molecular and crystal structures of the cyano-bridged heteronuclear 

complexes 1–4 have been determined by X-ray single crystal diffraction. The thermal 

decomposition behaviors of the complexes were followed up in the temperature range 30-700 

°C in a static air atmosphere. 

2. Experimental 

2.1. Materials and measurements  

All chemicals used were analytical reagents and commercially purchased. FT-IR and 

Raman spectra were obtained with a Perkin Elmer spectrum100 FT-IR spectrometer using 

KBr pellets in the 4000-400 cm
-1 

range and a Brucker Senterra Dispersive Raman 

spectrometer in the 4000-250 cm
-1

 range, respectively. Elemental analyses for C, H and N 

were performed using a Leco CHNS-932 Analyser. A Perkin Elmer Diamond TG/DTA 
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Thermal Analyzer was used to record simultaneous TG, DTG and DTA curves in a static air 

atmosphere at a heating rate of 10 °C min
-1

 over the temperature range 30-700 °C using 

platinum crucibles.  

2.2. Preparation of the complexes 

K2[M´(CN)4]·H2O was prepared by mixing stoichiometric amounts of the metal(II) chloride 

(1 mmol, NiCl2·6H2O = 0.237 g or PdCl2 = 0.177 g) in water (10 mL) with KCN (4 mmol, 

0.260 g) also in water (10 mL).  These solutions were filtered and allowed to evaporate at 

room temperature in order to crystallize. The K2[M′(CN)4]·H2O (1 mmol) complexes (M′, 

0.259 g for Ni(II), 0.306 g for Pd(II)) were dissolved in water (50 mL). To these solutions, 1 

mmol of zinc(II) chloride or 1 mmol of cadmium(II) chloride hemi(pentahydrate) dissolved in 

water (10 mL) was added with continuous stirring, approximately for 4 h at 50 °C in a 

temperature-controlled bath. The Zn[Ni(CN)4]·H2O and Zn[Pd(CN)4]·H2O compounds 

obtained were filtered and dried in air. The complexes were prepared from a 50 mL of water 

solution of 1 mmol of Zn[Ni(CN)4]·H2O (0.246 g) or Zn[Pd(CN)4]·H2O (0.293 g), separately. 

To these solutions, N,N-dimethylethylenediamine (dmen) (0.352 g, 4 mmol) dissolved in 

ethanol (10 mL) was added with continuous stirring and after a few minutes, a few drops 

ammonia (5 mL, 28%) were added to the resulting solution, followed by continuous stirring 

approximately for 5 h at 60 °C in a temperature-controlled bath. The solutions were then 

filtered, and the clear solutions thus obtained were kept for crystallization at room 

temperature. Within about a week crystals formed. The procedure for the syntheses of the 

cadmium complexes was similar to that used for the zinc complexes, except that 

Zn[M′(CN)4]·H2O was used instead of Cd[M′(CN)4]·H2O (Cd[Ni(CN)4]·H2O = 0.246 g or 

Cd[Pd(CN)4]·H2O = 0.340 g). The freshly prepared compounds were analyzed for C, H and N 

and the results are illustrated Table S1. 

2.3. Crystallographic analyses 
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Diffraction experiments were carried out at 293 K for 1 and 2, and 296 K for 3 and 4 

on a Stoe IPDS diffractometer. The structures were solved by direct methods and refined 

using the programs SHELXL-2013 and SHELXL97 [48]. All non-hydrogen atoms were 

refined anisotropically by full-matrix least-squares methods [48]. The hydrogen atoms were 

placed in geometrically idealized positions and refined as riding atoms. The following 

procedures were implemented in our analysis: data collection, X-Area; cell refinement, X-

Area; data reduction, X-RED [49]; program(s) used for molecular graphics, MERCURY [50]; 

software used to prepare material for publication, WinGX [51]. The crystal data and 

refinement details of the complexes are summarised in Table 1, and selected bond lengths and 

angles are collected together in Table 2.  

3. Results and Discussion 

3.1. Crystal structures of the complexes 

The crystal structures of 1 and 2 with the atom labelling is shown in Fig. 1. The 

asymmetric unit of 1 and 2 consists of one Zn(II) or Cd(II) ion, one Ni(II) ion, two dmen 

ligands and four cyano ligands. Complexes 1 and 2 exhibit heterometallic octanuclear cubane-

like structures. To the best of our knowledge, no complex containing an octanuclear cubane-

like structure with the cyano ligand has been reported to date. Both complexes 1 and 2 are 

structurally similar. Single-crystal X-ray diffraction analyses revealed that the two 

isostructural complexes crystallize in the tetragonal crystal system, space group I41/a. Both 1 

and 2 contain a cubane-like [M4(dmen)8Ni4(CN)16] unit (M = Zn(II) or Cd(II)), which is 

completed by four Ni(II) and four Zn(II)
 
or Cd(II)

 
ions, eight dmen and sixteen cyano ligands. 

As shown in Figure 1, every cubane core is constructed from four Ni(II) atoms and four Zn(II) 

or Cd(II)
 
ions. In 1 or 2, the Ni(II) ions are coordinated to four C atoms from cyano ligands, 

forming a square planar geometry, while each Zn(II)
 
or Cd(II)

 
atom has a slightly distorted 

octahedral configuration, coordinated by two N atoms from bridging cyano anions and four N 
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atoms from two bidentate dmen ligands. These Ni(II)
 
and Zn(II) or Cd(II) units are linked by 

cyano ligands. 

At the same time, intramolecular C–H···Ni short contacts between a Ni(II)
 
center and a 

hydrogen atom of a methyl group of a dmen ligand are observed in complexes 1 and 2. The 

H···Ni distance is 2.926(1) Å and this value is somewhat longer than the sum of the Van der 

Waals radii of the nickel and hydrogen atoms, which is 2.83 Å. This value is found to be 

similar to those of previously reported Ni(II) complexes [52-54]. The shortest Ni···Ni, Ni···Zn 

and Zn···Zn distances are 7.546(2), 5.076(2) and 7.826(1) Å, respectively. The crystal 

structures of 1 and 2 exhibit significant hydrogen bonds between the cubane-like units. 

Figures 2 and 3 clearly show that the cubane-like units are connected to each other by 

N−H···N hydrogen bonds forming three-dimensional supramolecular networks. 

To further investigate the effect of the metal center, a tetracyanopalladate(II) complex 

was utilized in the reaction for the synthesis of complexes 3 and 4. When the Ni(II) ion was 

replaced by the Pd(II) ion, we obtained complexes 3 and 4 as heterometallic one dimensional 

polynuclear structures. Single crystal X-ray analysis showed that 3 and 4 are isomorphous and 

the crystal structures indicate they are one dimensional chain polymers. Complex 3 

crystallizes in the orthorhombic system, space group Pbca, whereas complex 4 crystallizes in 

the monoclinic system, space group P21/c. As shown in Fig. 4, the asymmetric unit of 4 

consists of half Cd(II) and half Pd(II) ions, one bidentate dmen and two cyano ligands. The 

Cd(II) ion adopts a distorted octahedral geometry and is coordinated by six N atoms from two 

bidentate dmen and two cyano ligands. Four N atoms of the dmen ligand comprise the 

equatorial plane, while two N atoms of cyano ligands occupy the axial positions. The Pd(II) 

ion has a square planar coordination formed by four C atoms from cyano ligands. The 

Cd1···Pd1 and Cd1···Cd1
i
 distances in the 1D chain are 5.2560(5) and 10.5120(9) Å, while 
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between chains the Cd1···Cd1
ii
 and Cd1···Cd1

iii
 distances are 6.8223(6) and 9.159(1) Å, 

respectively [(i): x, y, -1+z, (ii) 1+x, y, z; (iii) 1+x, y, 1+z] (Fig. 5). 

As a result of using tetracyanonickelate(II) or tetracyanopalladate(II) complexes, 

different structural complexes have been obtained. When Zn(II) and Cd(II) ions are used, the 

complexes obtained with tetracyanonickelate(II) exhibit a cubic structure, whilst the 

complexes obtained with tetracyanopalladate(II) have a 1D polynuclear structure. The reason 

for this difference is thought to arise from the strong C-H···Ni interactions between the methyl 

groups and the Ni(II) metal with a small radius.  

3.2. Vibrational (FT-IR and Raman) spectra of the complexes 

The FT-IR and Raman spectra of the complexes recorded in the 4000-400 and 4000-

250 cm
-1

 ranges are shown in Figs. S1 and S2, respectively. It is noted that the FT-IR data on 

dmen and its complexes are not plentiful in the literature. The observed frequencies in the FT-

IR spectra of dmen and its complexes, their approximate intensities and probable assignments 

are given in Table S2. Dmen has one primary amine nitrogen atom and one tertiary amine 

nitrogen atom. The molecule also has CH2 and CH3 groups. Most liquid aliphatic primary 

amines absorb at 3400-3380 and 3330-3250 cm
-1

, with a shoulder near 3200 cm
-1

. As seen 

from Table S2, we assigned three bands to NH stretching vibrations of the NH2 group in this 

region. If two methyl groups are attached to a nitrogen atom, two bands are found in the 

region 2818-2770 cm
-1

, and it has been shown that coordination of the nitrogen atom to a 

metal may cause the disappearance of this band. The NH2 group has its scissors deformation 

frequency at 1660-1590 cm
-1

. We observed this mode at 1596 cm
-1

 in dmen. The CH2 group 

gives rise to a band near 1458 cm
-1

 due to the scissoring vibrations and the asymmetric CH3 

deformation is also found around 1466 cm
-1

. By comparison with related molecules, a strong 

band at 1458 cm
-1

 in dmen is assigned to CH2 scissoring. The C–N stretching vibration occurs 

in the range 1220-1020 cm
-1

. We observed several bands in this region and assigned them 
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tentatively to C–N stretching vibrations of the primary and tertiary amine groups. We 

observed several bands in the region 1000-400 cm
-1

 for dmen; these bands are assigned on a 

basis of a comparison with its complexes and related molecules.  

The dmen vibrational modes observed in the FT-IR and Raman spectra of the 

complexes show the characteristics of a coordinated ligand. On coordination, the N–H and C–

N stretching frequencies should decrease, while the C–H stretching frequency should 

increase, owing to the consecutive inductive effects [55]. In our case, however, this 

expectation is not realized for the N–H stretching modes of the NH2 group. Such cases were 

observed for propylenediamine [44] and trimethylenediamine [56] complexes. 

The vibrational modes of dmen observed in the FT-IR and Raman spectra of the 

complexes are found to be similar in frequency. We have assigned the fundamental modes of 

dmen on the basis of the frequency shifts of the coordinated ligand, of the group vibrational 

concept, infrared intensity and a comparison with the assignments for ethylenediamine [57]. 

The FT-IR and Raman spectra for complexes 1-4 show all the characteristic ligand 

frequencies: υas(NH2), υs(NH2), υ(N–H), υ(C–H), (NH2), ν(C–N) and ν(C–C) in the ranges 

3365-3300, 3250-3150, 3180-3150, 2980-2950, 1600-1590, 1060-1030 and 980-950 cm
-1

, 

respectively. The positions of important and well identifiable bands are displayed in the 

experimental part and their assignment was made according to the literature [58]. 

The ν(CN) vibrations are the most characteristic bands in cyano groups because they 

give a sharp and strong band and are determined easily in the 2200-2000 cm
-1

 range. The 

assigned wave numbers for the ν(CN) vibrations in the complexes are given in Table S3, 

together with the vibrational wavenumbers of K2Ni(CN)4·H2O [59] and K2Pd(CN)4·H2O [60]. 

The most characteristic features of the FT-IR spectra of all the complexes are the strong and 

sharp absorption bands observed at 2157 and 2130 cm
-1

 (1), 2150 and 2130 cm
-1

 (2), 2141 and 

2130 cm
-1

 (3), 2137 and 2130 cm
-1

 (4). These absorption bands, in accord with the literature 
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[61], are attributed to ν(CN) stretching vibrations of the cyano ligands. For the (CN) modes 

of [Ni4(CN)16], two bands appear at 2157 and 2130 cm
-1 

for the inter-metallic CN and the 

terminal CN stretching vibrations respectively. The observed absorption bands in complexes 

1 and 2 are weakly split, indicating the non-equivalency of the cyano ligands. 

The coordination of the cyano ligands to the central M(II) (Ni or Pd) atom in 

complexes 1-4 and thus the formation of M–C coordination bonds is suggested by the 

observed absorption bands at 417, 414, 417 and 415  cm
-1

, respectively, which are attributed 

to the (M–CN) vibration. The same vibration occurs in the FT-IR spectra of the [Ni(CN)4]
2-

 

anion at 416 cm
-1 

[61]. Absorption bands due to analogous (Pd–CN) and (Pt–CN) 

vibrations are usually observed at 383 and 300 cm
-1

, respectively [40,41] (out of range for our 

instrument). 

3.3. Thermal analyses  

The thermal behaviors of 1 and 2 are quite similar and they show a two stage mass 

loss (Figs. S3-S4). The first stage between 115 and 333 °C for 1, 99 and 259 °C for 2 

corresponds to the exothermic (for 1) and endothermic (for 2) elimination of eight and four 

dmen ligands with a mass loss of 41.01 and 18.00 % respectively (calcd. 43.59 and 19.52 %, 

respectively). In the second stage, a strong exothermic peak on the DTA curve (DTAmax = 

375 ºC, found 22.92 %, calcd. 25.73 % for 1 and 340 ºC, found 39.78 %, calcd. 42.57 % for 2) 

is associated with burning of the cyano ligands for 1 and decomposition of four dmen ligands 

and burning of the cyano groups for 2. The final decomposition products are identified as MO 

+ NiO (M = Zn and Cd) [found (calculated) % = 35.66 (38.59) for 1 and 42.05 (44.98) for 2]. 

The thermal behaviors of 3 and 4 are quite similar and they show a three stage mass 

loss (Figs. S5-S6). The first stage between 112 and 230 °C for 3, 158 and 233 °C for 4 

corresponds to the endothermic elimination one dmen ligand with a mass loss of 21.40 and 

20.21%, respectively (calcd. 19.49 and 19.57, respectively). The removal of another one dmen 
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ligand occurs in the second stage between 230 and 328 °C for 3, 233 and 392 °C for 4 with a 

mass loss of 19.11 and 19.14%, respectively (calcd. 19.49 and 19.57%, respectively). In the 

last stage, a strong exothermic peak on the DTA curve (DTAmax = 406 and 437 ºC, 

respectively) is associated with the decomposition and burning of the cyano ligands. The 

thermal decomposition product was identified as ZnO+Pd or CdO+Pd.  

The final decomposition product was identified by FT-IR spectroscopy by a 

comparison with the corresponding spectrum obtained under the same circumstances for the 

pure oxide. 

 

Supplementary Material 

Crystallographic data for the structural analysis have been deposited with the Cambridge 

Crystallographic Data Centre, CCDC NO 833233 for 1, 833235 for 2, 981139 for 3 and 

863116 for 4. Copies of this information may be obtained free of charge from the Director, 

CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: +44-1223-36033; e-mail: 

deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk). 
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Table 1. Crystallographic data and structure refinement parameters for complexes 1-4. 

Complexes 1 2 3 4 

Empirical formula C48H96N32Ni4Zn4 C12H24N8NiCd C12H24N8PdZn C12H24N8PdCd 

Formula weight 1617.88 451.50 452.16  499.19 

Crystal system Tetragonal Tetragonal Orthorhombic Monoclinic 

Space group I41/a I41/a Pbca P21/c 

a (Å) 12.9907(4) 13.2594(2) 10.0976(5) 6.8223(6) 

b (Å) 12.9907(4) 13.2594(2) 12.7033(9) 14.6538(9) 

c (Å) 45.8775(19) 46.6030(12) 13.9812(7) 10.5120(9) 

β (˚) 90.00 90.00 90.00 120.671(6) 

V (Å
3
) 7742.2(6) 8193.4(3) 1793.41(18) 903.90(14) 

Z 4 16 4 2 

 (mm
-1

) 2.22 1.96 2.35 2.18 

Dcalc (Mg m
-3

) 1.388 1.464 1.675 1.834 

Crystal size (mm) 0.32×0.19×0.11 0.62×0.45×0.34 0.26 ×0.19×0.13 0.76×0.45×0.23 

  Range (˚) 1.6-26.2 1.6-26.2 1.5-28.0 2.3-27.9 

Measured reflections 27938 28212 12656 13039 

Independent reflections 3873 4099 1863 1878 

Rint 0.069 0.040 0.054 0.031 

R[F
2
 > 2σ(F

2
)], wR(F

2
) 0.072-0.192 0.048-0.146 0.046-0.166 0.023-0.047 

Goodness-of-fit on F
2
 1.14 1.02 1.13 1.11 

Δρmax (e Å
-3

) 0.62  0.77  1.29  0.55  

Δρmin (e Å
-3

) - 0.56 -0.57 -1.39 -0.30 
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Table 2. Selected bond distances (Å) and angles () for the complexes. 

Complex 1 Complex 2 

Bond Lengths (Å) Bond Lengths (Å) 

C1-Ni1 1.843(10) N3-Zn1
i
 2.152(7) C1-Ni1 1.855(9) N2-Cd1 2.320(6) 

C2-Ni1 1.861(9) N5-Zn1 2.193(10) C2-Ni1 1.852(8) N5-Cd1 2.319(11) 

C3-Ni1 1.841(8) N6-Zn1 2.172(12) C3-Ni1 1.844(11) N6-Cd1 2.330(11) 

C4-Ni1 1.853(10) N7-Zn1 2.213(11) C4-Ni1 1.846(9) N7-Cd1 2.382(12) 

N2-Zn1 2.100(8) N8-Zn1 2.131(10) N1-Cd1 2.287(7) N8-Cd1 2.352(14) 

Angles () Angles () 

C3-Ni1-C1 175.9(5) N3
ii
-Zn1-N6 85.2(4) C3-Ni1-C4 90.2(5) N2-Cd1-N6 165.0(4) 

C3-Ni1-C4 86.5(4) N2-Zn1-N5 89.8(4) C3-Ni1-C2 88.9(4) N1-Cd1-N8 170.1(5) 

C1-Ni1-C4 91.9(5) N8-Zn1-N5 100.6(5) C4-Ni1-C2 179.0(5) N5-Cd1-N8 91.0(4) 

C3-Ni1-C2 91.8(3) N3
ii
-Zn1-N5 91.5(4) C3-Ni1-C1 179.7(6) N2-Cd1-N8 82.8(4) 

C1-Ni1-C2 89.6(5) N6-Zn1-N5 87.2(5) C4-Ni1-C1 89.6(5) N6-Cd1-N8 96.7(5) 

C4-Ni1-C2 178.0(5) N2-Zn1-N7 91.8(4) C2-Ni1-C1 91.3(3) N1-Cd1-N7 89.7(4) 

N2-Zn1-N8 92.8(4) N8-Zn1-N7 79.7(5) N1-Cd1-N5 95.4(4) N5-Cd1-N7 174.7(4) 

N2-Zn1-N3
ii
 89.9(3) N3

ii
-Zn1-N7 88.1(4) N1-Cd1-N2 89.9(3) N2-Cd1-N7 92.9(4) 

N8-Zn1-N3
ii
 167.6(4) N6-Zn1-N7 91.1(5) N5-Cd1-N2 88.4(4) N6-Cd1-N7 102.0(5) 

N2-Zn1-N6 174.2(4) N5-Zn1-N7 178.3(5) N1-Cd1-N6 92.1(4) N8-Cd1-N7 84.0(5) 

N8-Zn1-N6 92.6(5)   N5-Cd1-N6 76.6(5)   

Symmetry codes: (i) −x+3/4, y+1/4, −z+7/4; (ii) x−1/4,      

−y+3/4, −z+7/4 

Symmetry codes: (i) x-3/4, −y+5/4,  −z+5/4; (ii) −x+5/4, 

y+3/4, −z+5/4 

Complex 3 Complex 4 

Bond Lengths (Å) Bond Lengths (Å) 

Pd1-N1 2.301(3) Pd2-C5 1.990(3) N1-Cd1 2.293(3) Pd1-C1
i
 1.989(3) 

Pd1-N2 2.377(3) Pd2-C6 1.996(4) N2-Cd1 2.379(2) Pd1-C2
i
 2.001(3) 

Pd1-N3 2.426(3)   N3-Cd1 2.433(2)   

Angles () Angles () 

N1
i
-Pd1-N2 101.78(10) N2-Pd1-N3 87.86(10) C1-Pd1-C2

i
 90.54(11) N1-Cd1-N2

ii
 101.80(8) 

N1
i
-Pd1-N2

i
 78.22(10)   N2-Pd1-N3

i
 92.14(10) C1i-Pd1-C2

i
 89.46(11) N1-Cd1-N3 89.26(8) 

N1-Pd1-N3 89.30(11)   C5-Pd2-C6
ii
 90.65(13) N3-C1-Pd1 177.40(3) N1

ii
-Cd1-N3 90.74(8) 

N1
i
-Pd1-N3 90.70(11) C5

ii
-Pd2-C6

ii
 89.35(13) N4-C2-Pd1 179.20(3) N2-Cd1-N3 87.83(8) 

    N1-Cd1-N2 78.20(8) N2-Cd1-N3
ii
 92.17(8) 

Symmetry codes: (i) −x+1, −y+1, −z+1; (ii) −x+1, −y+1, 

−z+2. 

Symmetry codes: (i) −x+1, −y+1, −z+2; (ii) −x+1, −y+1, 

−z+1. 
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Figure Captions 

Fig. 1. The view of the octanuclear cubane-like structure of complexes 1 or 2 (some H atoms 

are omitted for clarity, (i) 1-x, ½-y, z; (ii) -¼+x, ¾-y 1.75-z; (iii) ¾-x, ¼+y, 1.75-z) 

Fig. 2. The 2D hydrogen-bonded layer in 1 or 2. 

Fig. 3. The 3D hydrogen-bonded network in 1 or 2. 

Fig. 4. The asymmetrical unit and the view of the one-dimensional structure of complex 4 (all 

H atoms are omitted for clarity). 

Fig. 5. The unit cell in 4. 

Fig. S1. The FT-IR spectra of the complexes. 

Fig. S2. The Raman spectra of the complexes. 

Fig. S3. The TG, DTG and DTA curves of 1. 

Fig. S4. The TG, DTG and DTA curves of 2. 

Fig. S5. The TG, DTG and DTA curves of 3. 

Fig. S6. The TG, DTG and DTA curves of 4. 
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are omitted for clarity, (i) 1-x, ½-y, z; (ii) -¼+x, ¾-y 1.75-z; (iii) ¾-x, ¼+y, 1.75-z) 

 



  

1 

 

 

Fig. 2. The 2D hydrogen-bonded layer in 1 or 2. 
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Fig. 3. The 3D hydrogen-bonded network in 1 or 2. 

 



  

 

Fig. 4. The asymmetrical unit and the view of the one-dimensional structure of complex 4 (all 

H atoms are omitted for clarity). 

 



  

 

 

Fig. 5. The 2D hydrogen-bonded layer in 4. 
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Herein we report on a series of complexes containing dmen (dmen = N,N-

dimethylethylenediamine) units and cyano groups, namely bimetallic octanuclear and 

binuclear [Zn4(dmen)8Ni4(CN)16], [Cd4(dmen)8Ni4(CN)16], [Zn(dmen)2Pd(µ-CN)2(CN)2] and 

[Cd(dmen)2Pd(µ-CN)2(CN)2]. As a result of using tetracyanonickelate(II) or 

tetracyanopalladate(II) complexes, different structural complexes have been obtained. When 

Zn(II) and Cd(II) ions are used, the complexes obtained with tetracyanonickelate(II) exhibit a 

cubic structure, whilst the complexes obtained with tetracyanopalladate(II) have a 1D 

polynuclear structure. The reason for this difference is thought to arise from the strong C-

H···Ni interactions between the methyl groups and the Ni(II) metal with a small radius.  
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