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Abstract

:

Three novel cadmium(II) coordination compounds, the dimeric [Cd(CH3COO)2(nia)2]2 (1), the polymeric {[Cd(nia)4](ClO4)2}n (2), and the monomeric [Cd(H2O)3(nia)3](ClO4)2·nia (3), were prepared in the reactions of the nicotinamide (pyridine-3-carboxamide, nia) with the corresponding cadmium(II) salts. All prepared compounds were characterized by elemental analyses, FT-IR spectroscopy, TGA/DTA, and single crystal X-ray analysis. The impact of anions (acetate, perchlorate) and solvent used on the dimensionality of cadmium(II) complexes and the cadmium(II) coordination environment was investigated. The bridging capabilities of acetate ions enabled the formation of dimers in the crystal structure of 1. It was shown that the dimensionality of perchlorate complexes depends on the solvent used. The coordination polymer 2 is isolated from an ethanol solution, while monomeric compound 3 was obtained by using a water/ethanol mixture as a solvent. The pentagonal-bipyramidal coordination of cadmium(II) was found in the presence of chelating and bridging acetate ions in 1. In the presence of non-coordinating perchlorate anions in 2 and 3, the coordination geometry of cadmium(II) is found to be octahedral. The supramolecular amide-amide homosynthon     R   2   2    ( 8 )    was preserved in the hydrogen-bonded frameworks of all three compounds.






Keywords:


cadmium(II); nicotinamide; perchlorate; acetate; dinuclear complex; coordination polymer; mononuclear complex; amide-amide homosynthon












1. Introduction


The cadmium(II) coordination compounds have been of great interest for some time, particularly in the area of luminescent materials [1,2,3,4,5,6]. The ability of cadmium(II) to adopt different coordination geometries, such as tetrahedral, trigonal bypiramidal, octahedral, and pentagonal bipyramidal, allows the construction of different architectures and can be used as a powerful crystal engineering tool. Such flexible coordination geometry of the colorless cadmium(II) ion enables the formation of coordination compounds with diverse structural features and promising luminescence properties. Fine tuning of desired physical properties by impacting on the crystal structure is possible through the employment of multi-functional ligands, such as pyridine-amide-based ligands. It is well known that such ligands have the ability to self-assemble through the combination of covalent bonds with metal ions and the establishment of robust supramolecular synthons via hydrogen bonds [6,7,8,9,10]. The assembly of organic ligands into metal-organic structures could produce multifunctional luminescent materials [1,2]. In addition, a systematic study of metal-organic structures with different anions enables a better understanding of the influence of counter ions with different coordination and hydrogen-bonding abilities on the supramolecular assembly [10,11,12,13,14].



Previously, we tuned the zinc(II) coordination environment in the zinc(II) coordination compounds with isonicotinamide (pyridine-4-carboxamide, isn) by selecting anions with different coordination abilities: simple halide anions (chloride, bromide), bulky perchlorate anion, and multiple O-donor atom anions (nitrate and acetate) with a high potential for chelating or bridging the zinc(II) ions. The zinc(II) ion was found to be low-coordinated (tetrahedral) in the presence of chloride or bromide anions, but its coordination environment was enlarged to the octahedral or pentacoordinated in the presence of either perchlorate, nitrate, or acetate anions [11]. Furthermore, we have shown that the introduced anions (excluding perchlorate) do not significantly affect the supramolecular features of the prepared zinc(II) coordination compounds with isonicotinamide, as the centrosymmetric amide-amide supramolecular homosynthon (a     R   2   2    ( 8 )    hydrogen-bonded ring motif, Scheme 1) remained preserved in the presence of halide, nitrate, and acetate anions. However, the said homosynthon was disrupted in the presence of the perchlorate anions [11].



In this study, we wanted to check if the cadmium(II) coordination environment and the dimensionality of the corresponding compound can be tuned as well by employing anions with different coordination abilities: a chelating and bridging acetate or a bulky perchlorate, which are not expected to coordinate. Similarly to the zinc(II) ion, the cadmium(II) coordination environment is even more unpredictable due to the absence of the crystal field splitting stabilization. Hence, the cadmium(II) environment is mostly influenced by the cadmium(II) radius and by the donor atoms available for coordination, resulting in even higher coordination numbers, e.g., seven. This time, nicotinamide (nia) was used in the design of cadmium(II) coordination compounds in the hope that it would act similarly to isonicotinamide—coordinating to a cadmium(II) ion monodentately via its pyridine N atom, with the uncoordinated amide group participating in the expected amide-amide homosynthon     R   2   2    ( 8 )   . Finally, we wanted to check the robustness of the said homosynthon by introducing acetate or perchlorate ions, both containing O acceptor atoms capable of competing for the amide protons, in the corresponding crystal packings.




2. Materials and Methods


2.1. Materials and Physical Measurements


All commercially available chemicals were of reagent grade and were used as received without further purification. CHN elemental analyses were carried out with a Perkin-Elmer 2400 Series II CHNS analyzer in Analytical Services Laboratories of the Ruđer Bošković Institute, Zagreb, Croatia.



The IR spectra were obtained from KBr pellets in the range 4400–450 cm−1 on a Perkin-Elmer Spectrum Two FT-IR spectrometer.



Thermogravimetric analysis was performed using a simultaneous TGA-DTA analyzer (Mettler-Toledo TGA/SDTA 851e). The samples were placed in aluminum pans (40 μL) and heated in flowing nitrogen (50 mL min−1) from room temperature up to 500 °C at a rate of 5 °C min−1. Data collection and analysis were performed using the program package STARe Software 16.40 MettlerToledo GmbH.




2.2. Syntheses of the Compounds


2.2.1. Synthesis of [Cd(CH3COO)2(nia)2]2 (1)


A solution of nia (0.33 g, 2.7 mmol) in 5 mL H2O was added dropwise to a solution of Cd(CH3COO)2·2H2O (0.30 g, 1.3 mmol) in 5 mL H2O and stirred for 30 min. After three weeks, 10 mL of EtOH was added to the reaction mixture. The colorless crystals were filtered off after a few days, washed with EtOH, and dried in air. Yield: 76% (based on Cd(CH3COO)2·2H2O). Anal. Calc. for Cd2C32H36N8O12: C, 40.48; H, 3.82; N, 11.80. Found: C, 40.49; H, 4.19; N, 11.67.



IR (KBr disc, cm−1): 3407(s, br), 3321(s, br), 3264(s, br), 3195(s, br), 1696(s), 1670(vs), 1621(s), 1580(vs), 1411(s), 1342(w), 1200(w), 1140(w), 1048(w), 1028(vw), 931(vw), 825(vw), 792(w), 694(m), 649(m), 626(m), 568(w).




2.2.2. Synthesis of {[Cd(nia)4](ClO4)2}n (2)


A solution of nia (0.24 g, 2 mmol) in 5 mL EtOH was added dropwise to a solution of Cd(ClO4)2·H2O (0.30 g, 0.9 mmol) in 5 mL EtOH and stirred for 30 min. After three days, colorless crystals were obtained, filtered off, washed with EtOH, and dried in air. Yield: 82% (based on Cd(ClO4)2·H2O). Anal. Calc. for CdCl2C24H24N8O12: C, 36.04; H, 3.02; N, 14.01. Found: C, 36.56; H, 2.89; N, 14.33.



IR (KBr disc, cm−1): 3408(m, br), 3314(m, br), 3263(w, br), 3187(m, br), 1666(vs), 1622(s), 1600(m), 1579(w), 1479(vw), 1443(w), 1398(m), 1200(w), 1143(vs), 1113(vs), 1086(vs), 1047(w), 940(vw), 824(vw), 793(w), 753(vw), 694(m), 648(w), 628(m), 562(w).




2.2.3. Synthesis of [Cd(H2O)3(nia)3](ClO4)2·nia (3)


A solution of nia (0.24 g, 2 mmol) in 5 mL H2O was added dropwise to a solution of Cd(ClO4)2·H2O (0.30 g, 0.9 mmol) in 10 mL H2O and stirred for 30 min. After three weeks, 10 mL of EtOH was added to the reaction mixture. The colorless crystals were filtered off after a few days, washed with EtOH, and dried in air. Yield: 70% (based on Cd(ClO4)2·H2O). Anal. Calc. for CdCl2C24H30N8O15: C, 33.76; H, 3.54; N, 13.12. Found: C, 33.89; H, 3.71; N, 13.47.



IR (KBr disc, cm−1): 3358(s, br), 3193(s, br), 1695(vs), 1664(vs), 1624(s), 1599(s), 1576(m), 1402(s), 1201(m), 1094(vs, br), 935(vw), 834(vw), 793(w), 764(w), 695(m), 624(s), 628(m).





2.3. X-ray Crystallographic Analysis


The suitable single crystals of 1–3 were selected and mounted onto thin glass fibers. The data collection was carried out on an Oxford Diffraction Xcalibur four-circle kappa geometry diffractometer with Xcalibur Sapphire 3 CCD detector, using graphite monochromated MoKα (λ = 0.71073 Å) radiation at room temperature (296(2) K) and by applying the CrysAlisPro Software system [15]. The data reduction and cell refinement were performed by the CrysAlisPro Software system [15]. The structures were solved by SHELXT [16] and refined by SHELXL [17]. The refinement procedure was performed by full-matrix least-squares methods based on F2 values against all reflections. The figures were made with MERCURY (Version 2022.3.0) [18]. The crystallographic data for 1–3 are summarized in Table 1.





3. Results


3.1. Synthesis


Compounds 1–3 were prepared from ethanol or water/ethanol solutions by reactions of nia with the corresponding cadmium(II) salts using two different ligand-to-metal ratios, 1:1 and 2:1 (Scheme 2). Regardless of the ratio used, the same type of compounds was always obtained. The reactions using 2:1 stoichiometry resulted in higher yields. Depending on the solvent used, two types of perchlorate compounds were prepared.



The dimeric coordination compound 1 was obtained from ethanol or water/ethanol solutions. Single crystals of compound 1 were obtained by adding ethanol to an aqueous reaction mixture. The perchlorate polymeric (2) and monomeric (3) compounds were obtained in the reactions of the nia with cadmium(II) perchlorate monohydrate. The coordination polymer 2 was obtained from an ethanol solution, while monomeric compound 3 was prepared from a water/ethanol solution. Compound’s 3 solubility in water was decreased by the addition of ethanol to the reaction mixture, which led to the crystallization of the product.




3.2. Crystal Structures


The asymmetric unit of [Cd(CH3COO)2(nia)2]2 (1) is composed of a cadmium(II) ion, two coordinated acetate ions, and two coordinated nicotinamide molecules (Figure 1a). The cadmium(II) ion is heptacoordinated with the O3 and O4 atoms (from an O,O′-chelating acetate ion), the O5, O6, and O5i atoms (from two O,O′-chelating and bridging acetate ions) in the equatorial plane, whilst the pyridine N1 and N3 atoms (from two separate N-monodentate nicotinamide ligands) are placed in the axial positions (a symmetry code (i): –x + 1, –y + 2, –z). The cadmium(II) coordination environment can be best described as a distorted pentagonal bipyramid (N3–Cd1–N1, 179.0(1)˚; Figure 1a, Table S1). The symmetry-related cadmium(II) ions are bridged with two acetate ions into a centrosymmetric dimer of 1, resulting in two types of acetate ions: two of them are O,O′-chelating only (via O3 and O4 atoms), whilst two acetate ions are both O,O′-chelating (via O5 and O6 atoms) and bridging (the O5 atom is bound to both symmetry-related cadmium(II) ions). The cadmium(II) coordination environment is highly distorted, as suggested by the bond angle values (Table S1); such a distortion is caused by the O,O′-bidentate binding of the acetate ions (the bite angles O4–Cd1–O3 (53.8(1)˚) and O5–Cd1–O6 (123.9(3)˚)). As a consequence, the four-membered chelate rings Cd1/O3/C13/O4, Cd1/O5/C15/O6, and Cd1/O5/Cd1i/O5i were formed within the dimer of 1. The cadmium(II) complexes with acetate and either picolinamide, nicotinamide, or isonicotinamide are not known from the literature [19]. However, a similar zinc(II) complex with acetate and isonicotinamide is known, also being a dimer connected via three bridging acetate ions [11]. As opposed to 1, there are three different coordination modes of acetate: two acetate anions are bridging (each O atom is bound to a separate Zn(II) ion), the third acetate is chelating (as in 1), and the fourth one is both chelating and bridging (as in 1). One of the zinc(II) ions in the dimer is octahedral, while the other is pentacoordinated [11].



The asymmetric unit of {[Cd(nia)4](ClO4)2}n (2) consists of a cadmium(II) ion lying in an inversion center, two coordinated nicotinamide molecules, and an uncoordinated perchlorate ion (Figure 1b). The cadmium(II) ion is octahedrally coordinated with the pyridine N1 and N1ii atoms (from two N,O′-bridging nicotinamide ligands; a symmetry code (ii): −x + 1, −y, −z), with the pyridine N3 and N3ii atoms (from two terminal N-monodentate nicotinamide ligands), and with the amide O1 and O1ii atoms (from two N,O′-bridging nicotinamide ligands) in the trans position (O1–Cd1–O1ii, 180˚; Figure 1b, Table S1). The octahedral cadmium(II) coordination environment is slightly distorted, as evidenced by the bond angle values (Table S1). The adjacent cadmium(II) ions in 2 are connected by two antiparallel N,O′-bridging nicotinamide ligands, resulting in an infinite 1-D polymeric chain along the a crystallographic axis (Figure 2). There are two types of nicotinamide ligands in 2: N,O′-bridging (via the pyridine N1 and amide O1 atoms) and terminal N-monodentate (via the pyridine N3 atom). Consequently, centrosymmetric twelve-membered macrocyclic rings are formed within the 1-D polymeric chain of 2 (Figure 2). There are no similar polymeric cadmium(II) complexes with either picolinamide, nicotinamide, or isonicotinamide in the literature. However, two dimeric cadmium(II) complexes with the same antiparallel N,O′-bridging of nicotinamide are known [20,21].



The asymmetric unit of [Cd(H2O)3(nia)3](ClO4)2·nia (3) consists of a cadmium(II) ion, three coordinated water molecules, three coordinated nicotinamide molecules, two uncoordinated perchlorate ions, and a cocrystallized nicotinamide molecule (Figure 1c). The cadmium(II) ion is octahedrally coordinated with three water molecules (the O5, O6, and O7 atoms) and three pyridine N1, N3, and N5 atoms (from three separate N-monodentate nicotinamide ligands), resulting in a mer-isomer (Figure 1c). The octahedral cadmium(II) coordination environment is only slightly distorted (Table S1). The N-monodentate coordination mode of nicotinamide (via the pyridine N atom) can be frequently found in the corresponding cadmium(II) complexes [5,22,23,24,25,26,27,28,29,30,31]. Similarly to 3, there are also cocrystallized nicotinamide molecules in the crystal packing of a cadmium(II) complex with nicotinamide and nitrate anions [32].



There are strong intermolecular N–H⋯O and weak C–H⋯O hydrogen bonds observed in all the structures of 1–3, while the O–H⋯O and O–H⋯N hydrogen bonds are present only in the structure of 3 (Table S2). The centrosymmetric dimers of 1 are connected into a double chain via the respective amide groups, resulting in the formation of the dimeric amide-amide     R   2   2    ( 8 )    hydrogen-bond motif within the chain. These chains are in turn assembled by Namide–H⋯Oacetate hydrogen bonds into a hydrogen-bonded framework (Figure 3). The 1-D polymeric chains in 2 are linked into a network (parallel to the (0 0 1) plane) via the amide groups, giving rise to the hydrogen-bond     R   2   2    ( 8 )    motif within the network. These networks are in turn assembled by the Namide–H⋯Operchlorate hydrogen bonds along the c crystallographic axis, forming a hydrogen-bonded framework (Figure 4). The perchlorate ions are placed between these networks, being connected to the amide groups from the surrounding networks by Namide–H⋯Operchlorate hydrogen bonds (forming the dimeric hydrogen-bond     R   1   2    ( 5 )    motif between an amide group and a perchlorate ion) and, thus, additionally stabilizing the said framework. The [Cd(H2O)3(nia)3] molecules, perchlorate ions, and cocrystallized nicotinamide molecules are assembled by the said hydrogen bonds (Table S2) into a complex hydrogen-bonded framework of 3. The most notable hydrogen-bond motifs found within this framework are the already mentioned dimeric     R   2   2    ( 8 )    and     R   1   2    ( 5 )    motifs, but also the tetrameric     R   4   4    ( 16 )    motif, formed between two [Cd(H2O)3(nia)3] molecules and two perchlorate ions (Figure 5).




3.3. IR Spectra


The analysis of the IR spectra (Figure 6 and Figures S1–S3) was based on the data known from the literature for nia and its metal complexes [33,34,35,36,37]. The IR spectra of 1–3 show strong and broad absorptions of the antisymmetric (3400–3310 cm−1) and symmetric (3270–3180 cm−1) N–H stretching vibrations of the amide group. A more pronounced broadening of the amide stretching vibrations in the IR spectrum of 3 can be attributed to the overlapping with O–H stretching vibrations of the coordinated water molecules and to the strong O–H⋯O and O–H⋯N intermolecular hydrogen bonds. The characteristic strong C=O stretching bands of the amide group are observed at 1696 cm−1, 1670 cm−1 (1), and at 1695 cm−1, 1664 cm−1 (3). The position of the C=O stretching bands in the IR spectrum of the uncoordinated nia is very similar (1699 cm−1, 1670 cm−1), suggesting the existence of uncoordinated amide groups. A significant negative shift of the carbonyl frequency observed at 1666 cm−1 in the IR spectrum of 2 is consistent with coordination of the bridging nia ligand via the carbonyl oxygen atom. The IR spectra of compounds 1–3 exhibit broad bands related to the vibrations of oxoanions [38]. Two bands centered at 1580 cm−1 and at 1418 in the IR spectrum of the 1 correspond to the antisymmetric and symmetric stretching vibrations of the acetate ions, respectively. The difference (Δ) between antisymmetric and symmetric stretching vibrations of the carboxylates can be used to distinguish ionic, unidentate, bidentate (chelating), and bridging carboxylate groups [38,39]. The calculated Δ value for compound 1 is 162 cm−1, which is in good agreement with the values expected for bridging carboxylates. The intensive bands at 1143 cm−1, 1113 cm−1, and 1086 cm−1 and the weak band at 940 cm−1 are related to the vibrations of the uncoordinated perchlorate ion [11,38]. A significant broadening of the band in the 1150–1000 cm−1 region of the IR spectrum of 3 (centered at 1094 cm−1) can be related to complex hydrogen bonding of uncoordinated perchlorate ions and cocrystallized nicotinamide molecules.




3.4. Thermal Properties


The thermal stability of the compounds was studied in flowing nitrogen by a TGA/DTA method (Figure 7 and Figures S4–S6). Compound 1 is thermally stable up to 161 °C, followed by continuous thermal degradation. The total mass loss of 84.01% was observed at 500 °C. The thermal degradation of the compound is characterized by three endothermic signals (189, 241, and 276 °C) on the DTA curve. The TGA curve of the polymeric compound 2 reveals a two-step decomposition. The first step between 178 °C and 261 °C is accompanied by a 30.43% weight loss, which likely corresponds to the elimination of two nia molecules from the crystal structure (cal. 30.53%). In the temperature range from 261 °C to 500 °C, 55.88% of the initial mass is lost, which likely corresponds to the elimination of two nia ligands and two perchlorate anions (cal. 55.41%). The DTA curve of compound 2 reveals three broad signals: the endothermic at 219 °C and 306 °C, and the exothermic at 368 °C. The total mass loss of 86.31% was observed at 500 °C. The thermal decomposition of compound 3 starts with the elimination of three water molecules. The corresponding TGA curve shows a weight loss of 5.27% (cal. 5.62%). The elimination of water molecules is characterized by a broad endothermic signal at 114 °C, as observed on the DTA curve. The thermal degradation of an anhydrous compound starts at 165 °C, and the second step ends at 245 °C with a mass loss of 28.48%, which likely corresponds to the decomposition of two nia ligands (cal. 28.60%). The DTA curve reveals one broad endothermic signal at 218 °C. The third step of the thermal decomposition (weight loss of 49.66%, range 245 °C to 500 °C) likely corresponds to the elimination of two nia ligands and two perchlorate anions (cal. 51.90%). This step is characterized by one endothermic (310 °C) and one exothermic (349 °C) signal on the DTA curve. The total mass loss of 86.42% was observed at 500 °C.





4. Conclusions


The cadmium(II) coordination compounds with nicotinamide and acetate (1) or perchlorate (2 and 3) have been prepared. The cadmium(II) coordination environment can be modified by employing these anions, as it was found to be pentagonal-bipyramidal (high coordination number) in the presence of chelating and bridging acetate anions in 1 and octahedral in the presence of non-coordinating perchlorate anions in both 2 and 3. Moreover, the full bridging capabilities of acetate ions were reflected in connecting the cadmium(II) ions into a dimer of 1. Surprisingly, it was shown that the dimensionality of cadmium(II) complexes with nicotinamide and perchlorate depends upon the solvent used for the design of these compounds, while perchlorate anions remain uncoordinated in both cases. Nicotinamide ligands unexpectedly act as bridges between cadmium(II) ions in a 1-D coordination polymer of 2, if isolated from an ethanol solution. On the contrary, nicotinamide ligands are bound monodentately to cadmium(II) ions in a discrete complex of 3 (as expected by analogy to isonicotinamide in zinc(II) complexes [11]) if isolated from an aqueous solution. It seems the water molecules compete with nicotinamide ligands for coordination to cadmium(II) ions (as in 3), preventing the bridging ability of nicotinamide in aqueous solution. However, in the absence of water molecules (e.g., in an ethanol solution), the cadmium(II) ions are exclusively coordinated by nicotinamide ligands (as in 2), enabling the bridging potential of nicotinamide.



Finally, the presence of either acetate or perchlorate anions does not disrupt the formation of the anticipated supramolecular amide-amide homosynthon     R   2   2    ( 8 )  ,   as it is preserved in the hydrogen-bonded frameworks of all the compounds. The dimensionality of the studied compounds also differs (dimer in 1, polymer in 2, and monomer in 3), so the influence of these anions on homosynthon preservation/disruption cannot be directly compared or predicted.



The results of IR spectroscopy and TGA/DTA analysis are in a good agreement with the crystal structures of coordination compounds 1–3.
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Scheme 1. The amide-amide     R   2   2    ( 8 )    supramolecular synthon. 
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Scheme 2. Preparation of [Cd(CH3COO)2(nia)2]2 (1), {[Cd(nia)4](ClO4)2}n (2), and [Cd(H2O)3(nia)3](ClO4)2·nia (3). 
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Figure 1. ORTEP-style plots of [Cd(CH3COO)2(nia)2]2 (1) (a), {[Cd(nia)4](ClO4)2}n (2) (b), and [Cd(H2O)3(nia)3](ClO4)2·nia (3) (c), with the atomic numbering schemes. The thermal ellipsoids are drawn at the 40% probability level at 296(2) K, and hydrogen atoms are shown as spheres of arbitrary radii (symmetry code (ii): −x + 1, −y, −z). 
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Figure 2. The infinite one-dimensional polymeric chain of {[Cd(nia)4](ClO4)2}n (2) extending along the a crystallographic axis. 
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Figure 3. A fragment of the structure of [Cd(CH3COO)2(nia)2]2 (1), showing the centrosymmetric dimers of 1, which are connected into a double chain via amide groups (the dimeric hydrogen-bond     R   2   2    ( 8 )    motif within the chains is shown by dotted lines). These chains are in turn assembled by the N–H⋯O hydrogen bonds. 
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Figure 4. A view of the structure of {[Cd(nia)4](ClO4)2}n (2) down the a crystallographic axis. The 1-D polymeric chains, represented as monomeric molecules in this projection, are linked into a chain via the amide groups along the b crystallographic axis. These chains and perchlorate ions are in turn assembled along the c crystallographic axis by the N–H⋯O hydrogen bonds (the dimeric hydrogen-bond     R   2   2    ( 8 )    and     R   1   2    ( 5 )    motifs are shown by dotted lines). 
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Figure 5. A fragment of the structure of [Cd(H2O)3(nia)3](ClO4)2·nia (3), showing the dimeric hydrogen-bond     R   2   2    ( 8 )    and     R   1   2    ( 5 )    motifs and tetrameric hydrogen-bond     R   4   4    ( 16 )    motif by dotted lines. 
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Figure 6. IR spectra of [Cd(CH3COO)2(nia)2]2 (1), {[Cd(nia)4](ClO4)2}n (2), and [Cd(H2O)3(nia)3](ClO4)2·nia (3). 
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Figure 7. TGA curves of [Cd(CH3COO)2(nia)2]2 (1), {[Cd(nia)4](ClO4)2}n (2), and [Cd(H2O)3(nia)3](ClO4)2·nia (3). 
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Table 1. The crystallographic data for [Cd(CH3COO)2(nia)2]2 (1), {[Cd(nia)4](ClO4)2}n (2), and [Cd(H2O)3(nia)3](ClO4)2·nia (3).






Table 1. The crystallographic data for [Cd(CH3COO)2(nia)2]2 (1), {[Cd(nia)4](ClO4)2}n (2), and [Cd(H2O)3(nia)3](ClO4)2·nia (3).





	Compound
	1
	2
	3





	Formula
	C32H36Cd2N8O12
	C24H24CdCl2N8O12
	C24H30CdCl2N8O15



	Mr
	949.51
	799.81
	853.86



	Crystal system, space group
	monoclinic, P21/n

(No. 14)
	monoclinic, P21/c

(No. 14)
	monoclinic, P21/n

(No. 14)



	a (Å)
	11.2351(2)
	7.55240(10)
	7.4629(2)



	b (Å)
	14.8801(2)
	12.9826(2)
	24.0425(6)



	c (Å)
	12.5650(3)
	16.0880(2)
	18.6052(4)



	β (˚)
	103.108(2)
	92.2960(10)
	92.373(2)



	V (Å3)
	2045.88(7)
	1576.16(4)
	3335.41(14)



	Z
	2
	2
	4



	Dcalc (g cm−3)
	1.541
	1.685
	1.700



	μ (mm−1)
	1.104
	0.936
	0.896



	R [I ≥ 2σ(I)]
	0.0485
	0.0331
	0.0344



	wR [all data]
	0.1714
	0.0956
	0.1002
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