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Abstract: A novel rare hexa nuclear cadmium(II)–azide cluster, [Cd6(TPA)4(µ3-1,1,3-N3)4(µ2-1,1-
N3)6](ClO4)2·2H2O (1) was isolated and structurally characterized, in which the azide ligands reveal
µ-1,1,3- and µ-1,1-N3 bridging modes.

Keywords: cadmium; bridged azide; poylnuclear; cluster; X-ray; luminescence emission

1. Introduction

The construction of discrete of polynuclear metal cluster complexes, in many cases leads to
unpredictable intriguing architecture topologies [1–10]. The extent of nuclearity of this class of
compounds depends on many factors such as metal ion (oxidation state, coordination number and
geometry), nature of coligands and bridging linkers, as well as the reaction conditions such as
temperature, solvent and stoichiometry [1–10]. The ligand’s nature includes types of donor atoms,
denticity, flexibility, shape and size. Thus, the experimental approach for designing a cluster with a
specific number of metal atoms within the core of the cluster and its dimensionality is a challenging
process, which may depend on the combination of appropriate choice of some of the mentioned
factors [2]. However, aside from the subtle complications associated with the design of these clusters,
they show promising potential applications in the fields of magnetism, catalysis, gas adsorption and
luminescence [11–22].

Over the past three decades, attention was focused on group 12 of d10 metal ions like zinc and
cadmium for the design of polymers, clusters and metal-organic frameworks (MOFs) [1–7,19–24].
A series of polymeric cadmium-azides of different dimensionality MOFs with tri- [25–31], tetra- [25,32],
penta- [33] and hexa-nuclear clusters [3,34] have been constructed by the reactions of Cd(II) salts,
organic coligands and azide ion linkers. Moreover, 1D coordination polymers of Cd6 chair-shape
cluster [Cd6(2-Acpy)4(N3)12]n(H2O)2n·(CH3OH)n and their corresponding pentadecanuclear Cd15

crown-like cluster [Cd15(2-Acpy)12(N3)30]n·(CH3OH)n were isolated with 2-acetylpyridine (2-Acpy)
under slightly different stoichiometric conditions [2,3]. An interesting series of discrete cadmium-azide
clusters with diverse nuclearity and poly-azide-connectors containing tri- [35,36], tetra- [37,38],
penta- [35], hexa- [39], hepta- [40] and even octa-cadmium centers [41] were also reported. Herein,
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we report the synthesis, crystal structure and the luminescent emission of the novel hexanuclear cluster,
[Cd6(TPA)4(µ3-1,1,3-N3)4(µ2-1,1-N3)6](ClO4)2·2H2O (1), where TPA = tris(2-methypyridyl)amine.

The complex was isolated as colorless single crystals by reacting a methanolic solution containing
Cd(ClO4)2·6H2O and TPA and an aqueous NaN3 solution in a 1:1:2 molar ratio. The IR spectrum of
the complex reveals very strong band around 2020 cm−1 due to the asymmetric stretching vibration of
the azido group, νas(N3). The split of this band into 2045 and 2020 cm−1 results from the presence
of two bonding azido modes µ1,1,3-N3 and µ1,1-N3 modes (see X-ray section). The complex showed
two very weak broad bands around 3610 and 3330 cm−1, which are attributed to ν(O-H) stretching
of hydrates. In addition, the complex exhibits two strong vibrational bands at 1087 and 1051 cm−1

resulting from the ν(Cl-O) of the ClO4
− counter ions. The split of the bands is most likely attributed

to the decreased symmetry of the ClO4
− due to its involvement in H-bonding with the water of

crystallization. The purity of the complex 1 was supported by the good agreement between its
experimental and simulated X-ray powder diffraction patterns (Figure S1, Supplementary Materials).
The isolated cluster was found to be very stable in air as well as in aqueous or methanolic solutions,
where no changes in its UV spectrum were observed over a period of at least four days.

The single crystal X-ray structure analysis (Table S1, Supplementary Materials) reveals the existence
of a centrosymmetric cationic [Cd6(TPA)4(µ3-1,1,3-N3)4(µ2-1,1-N3)6]2+ cluster unit (Figure 1), where
the three crystallographic independent Cd(II) deviate by 0.066, 0.203 and 0.017 Å for Cd1, Cd2 to Cd3,
respectively, from the mean plane of the metal centers. The central Cd2 and Cd2’ pair is linked by
the N11 and N11’ atoms of two µ1,1,3-N3 bridging azide groups. Each six-coordinated Cd2 is further
connected with Cd3 by a single µ1,1-N3 bridge and with Cd1 by a µ1,1-N3 double bridge. Coordination
number (C.N.) six is completed by a µ1,1,3-N3 azide group, which further connects Cd2 with Cd1 by
its µ1,3-N3 and with Cd3’ by its µ1,1-bonding. Thus, the external Cd1 is ligated by two µ1,1 and one
µ1,1,3-azide bridges, whereas Cd3 is ligated by two µ1,1,3 and one µ1,1-azide bridges. The C.N. seven
around Cd1 and Cd3 centers is achieved by the four N-donor atoms of the Tris(2-methylpyridyl)amine
(TPA) molecule, respectively (Figure 2). The intra-cluster metal···metal separations are: Cd1···Cd2
3.7648(10), Cd2···Cd3 4.3099(11), Cd2···Cd3’ 4.4160(11), Cd2···Cd2’ 3.5271(10), Cd1···Cd3 7.2601(18),
Cd1···Cd3’ 9.277(2), Cd1···Cd1’ 10.918(2) and Cd3···Cd3’ 7.982(2) Å. The Cd2-N bond distances in its
distorted octahedron vary from 2.287(3) to 2.418(3) Å, with shorter bond distances formed to N5, N8
and N14 atoms of µ1,3-N3 groups. The Cd-N bond distances of the seven-coordinated Cd1 and Cd3
vary from 2.325(3) to 2.607(3) Å (Table S2). Both coordination figures may be described as distorted
capped trigonal prisms, with shortest Cd-N bonds formed to pyridine-N atoms of TPA ligands,
while the longest bond distances are Cd1-N5 [2.607(3) Å] and Cd3-N13 [2.547(3) Å]. The N-Cd-N
of Cd1 and Cd3 vary from 68.99(11) to 164.04(11)◦. The Cd-N-Cd and Cd-N-N bond angles are
in the range from 95.86(12) to 132.52(14)◦ and from 106.0(2) to 135.6(3)◦, respectively. The torsion
angles are: Cd2-N11···N13-Cd3 = 54.0◦, Cd2’-N11···N13-Cd3 = −49.6◦, Cd2’-N17···N19-Cd1’ = 0.7◦ and
Cd3-N17···N19-Cd1’ = −176.4◦. The azide groups are asymmetric with Nα-Nβ bonds from 1.194(4)
to 1.218(5) Å and Nβ-Nγ bonds from 1.146(5) to 1.163(5) Å (with Nα ligated to two Cd centers).
The difference between N-N bonds within the azide groups are 0.032, 0.059 and 0.067 Å, for the three
µ1,3-N3 and 0.032 and 0.047 Å for the two µ1,1,3-N3 azide groups. The N-N-N bond angles vary from
178.1(4) to 179.6(5)◦ (Table S2).
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Figure 1. Molecular plot of [Cd6(TPA)4(μ3-1,1,3-N3)4(μ2-1,1-N3)6]2+ cluster unit. Symmetry code (‘): 1− 
x, 1 − y, 1 − z. 

 
Figure 2. The Cd-N core of [Cd6(TPA)4(μ3-1,1,3-N3)4(μ2-1,1-N3)6]2+ cluster unit. Symmetry code (‘): 1 − 
x, 1 − y, 1 − z. 

The [Cd6(TPA)4(μ1,1,3-N3)4(μ1,1-N3)6]2+ units co-crystallize with ClO4− counter anions and 
disordered water molecules in a 1:2:2 molar ratio. The packing of the building blocks is stabilized by 
various types of hydrogen bonds and π···π ring-ring interactions between pyridyl moieties of the 
TPA molecules (Figure 3, Tables S3 and S4).  

Figure 1. Molecular plot of [Cd6(TPA)4(µ3-1,1,3-N3)4(µ2-1,1-N3)6]2+ cluster unit. Symmetry code (‘):
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Figure 2. The Cd-N core of [Cd6(TPA)4(µ3-1,1,3-N3)4(µ2-1,1-N3)6]2+ cluster unit. Symmetry code (‘): 1
− x, 1 − y, 1 − z.

The [Cd6(TPA)4(µ1,1,3-N3)4(µ1,1-N3)6]2+ units co-crystallize with ClO4
− counter anions and

disordered water molecules in a 1:2:2 molar ratio. The packing of the building blocks is stabilized by
various types of hydrogen bonds and π···π ring-ring interactions between pyridyl moieties of the TPA
molecules (Figure 3, Tables S3 and S4).
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Figure 3. Packing plot of [Cd6(TPA)4(μ3-1,1,3-N3)4(μ2-1,1-N3)6](ClO4)2·2H2O (1). 

The photoluminescence emission spectra of solid samples of the title compound, free TPA and 
NaN3 are represented in Figure 4 (Perkin-Elmer Lamde LS55 spectrofluorometer, excitation at λex = 
366 nm). Sodium azide shows very weak emission with a flat plateau from approx. 430–580 nm. The 
TPA ligand exhibits medium intense emission maximum at 548 nm and a shoulder at ~445 nm. The 
title complex 1 shows enhanced emission intensity with a maximum at 505 nm and a second 
maximum at 438 nm. The observed enhancement of luminescent intensity bands of complex 1 
compared to the free TPA ligand is most likely attributed to the increased Cd-Npy bond strength, 
which effectively increases the rigidity of the ligand and hence reduces the non-radiative decay of 
the intra-ligand excited state.  

 
Figure 4. The emission spectra of solid samples of the Cd6 complex 1, free 
Tris(2-methylpyridyl)amine (TPA) and NaN3 (λex = 366 nm). 

2. Synthesis of [Cd6(TPA)4(μ3-1,1,3-N3)4(μ2-1,1-N3)6](ClO4)2·2H2O (1)  

An aqueous solution of NaN3 (0.065 g, 1 mmol in 10 mL H2O) was added to a mixture 
containing equimolar amounts of Cd(ClO4)2·6H2O (0.210 g, 0.5 mmol) and TPA (0.145 g, 0.5 mmol) 

Figure 3. Packing plot of [Cd6(TPA)4(µ3-1,1,3-N3)4(µ2-1,1-N3)6](ClO4)2·2H2O (1).

The photoluminescence emission spectra of solid samples of the title compound, free TPA and
NaN3 are represented in Figure 4 (Perkin-Elmer Lamde LS55 spectrofluorometer, excitation at λex = 366
nm). Sodium azide shows very weak emission with a flat plateau from approx. 430–580 nm. The TPA
ligand exhibits medium intense emission maximum at 548 nm and a shoulder at ~445 nm. The title
complex 1 shows enhanced emission intensity with a maximum at 505 nm and a second maximum at
438 nm. The observed enhancement of luminescent intensity bands of complex 1 compared to the free
TPA ligand is most likely attributed to the increased Cd-Npy bond strength, which effectively increases
the rigidity of the ligand and hence reduces the non-radiative decay of the intra-ligand excited state.
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Figure 4. The emission spectra of solid samples of the Cd6 complex 1, free Tris(2-methylpyridyl)amine
(TPA) and NaN3 (λex = 366 nm).

2. Synthesis of [Cd6(TPA)4(µ3-1,1,3-N3)4(µ2-1,1-N3)6](ClO4)2·2H2O (1)

An aqueous solution of NaN3 (0.065 g, 1 mmol in 10 mL H2O) was added to a mixture containing
equimolar amounts of Cd(ClO4)2·6H2O (0.210 g, 0.5 mmol) and TPA (0.145 g, 0.5 mmol) dissolved
in MeOH. The resulting solution was heated for 10 min on a steam-bath, filtered through celite then,
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allowed to crystalize at room temperature. Colorless single crystals were obtained within 2–4 days.
These were collected by filtration, washed with propan-2-ol, Et2O and dried in air (an overall yield is
about 70%). Anal. Calcd for C72H76Cd6Cl2N46O10 (2491.02 g/mol): C, 34.72; H, 3.08; N, 25.86. Found:
C, 34.82; H, 3.23; N, 25.49%. IR bands (ATR, cm−1): 3610 (w,b), 3330 (w,b) ν(O-H) stretching; 3050 (vw),
2914 (vw), 2851 (vw) ν(C–H); 2045 (vs), 2020 (vs) ν(N3); 1602 (s), 1575 (m) 1482 (m), 1443 (s), 1333 (w),
1288 (w), 1158 (w), 1087 (vs), 1051 (s) ν(Cl–O) (ClO4

−); 1015 (m), 956 (w), 900 (w), 839 (w), 768 (vs).

Caution! Salts of perchlorate and azides as well as their metal complexes are potentially explosive and should be
handled with great care and in small quantities.

To summarize, we have successfully synthesized and structurally characterized the novel
hexa-nuclear Cd6 cluster complex 1. To the best of our knowledge, there was only one hexa nuclear Cd6
cluster Mn13Cd6; [CdII

6MnII
9MnIII

4(L)18(OH)12(N3)6](ClO4)6·12CH3CN (HL = 1-(hydroxymethyl)-
3,5-dimethylpyrazole), where the outer shell ring contains a random mixture averaging six Cd and six
Mn [39]. The isolated title complex 1 has unique structure features with all metal centers consist of
only Cd(II) ions in six- and seven-coordination numbers as well as the existence of azides in two µ1,1-
and µ1,1,3-bridging modes. At this point, we should mention that this work is still in progress in order
to explore the influence of the counter ions, substituents in the TPA coligand and the nature of the
pseudo-halide bridges.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4352/10/4/317/s1,
X-ray crystal structure analysis of compound 1, Table S1: Crystallographic data and processing parameter, Table S2:
Selected bond lengths (Å) and angles (◦), Table S3: π···π ring···ring interactions, Table S4: Possible hydrogen bonds,
Figure S1: Observed (bottom) and simulated (top) X-ray powder diffraction pattern. CCDC 1990313 contains
the supplementary crystallographic data for 1. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Author Contributions: F.A.M. and R.C.F. performed the X-ray structural analysis. B.R.W., S.S.M. and N.M.H.S.
contributed in the synthesis and characterization of the compound. F.A.M., S.S.M. and N.M.H.S. contributed to
the writing of the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: This research was financially supported by the Department of Chemistry - University of
Louisiana at Lafayette. Also, NMHS and SSM thank Faculty of Science-Alexandria University. FAM thanks K.
Gatterer and NAWI Graz.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Das, D.; Jana, S.; Ghosh, A. Modulation of nuclearity by Zn(II) and Cd(II) in their Complexes with a polytopic
Mannich base ligand: A turn-on luminescence sensor for Zn(II) and detection of nitroaromatic explosives by
Zn(II) complexes. Cryst. Growth Des. 2018, 18, 2335–2348. [CrossRef]

2. Bai, S.-Q.; Fang, C.-J.; He, Z.; Gao, E.-Q.; Yan, C.-H.; Hor, T.S.A. Azide-bridged Cd(ii) 1D coordination
polymer with Cd13 nano-crown-like cluster. CrystEngComm 2013, 15, 650–653. [CrossRef]

3. Bai, S.-Q.; Gao, E.-Q.; He, Z.; Fang, C.-J.; Yan, C.H. Four one-dimensional cadmium(II) polymers: One
chairlike chain containing four azido bridging modes and three double end-on azido-bridged uniform chains.
CrystEngComm 2004, 6, 606–611. [CrossRef]

4. Riddel, I.A.; Hristova, Y.R.; Clegg, J.K.; Wood, C.S.; Breiner, B.; Nitschke, J.K. Five discrete multinuclear
metal-organic assemblies from one ligand: Deciphering the effects of different templates. J. Am. Chem. Soc.
2013, 135, 2723–2733. [CrossRef] [PubMed]

5. Massoud, S.S.; Louka, F.R.; Obaid, Y.K.; Vicente, R.; Ribas, J.; Fischer, R.C.; Mautner, F.A.
Metal ions directing the geometry and nuclearity of azido-metal(ii) complexes derived from
bis(2-(3,5-dimethyl-1H-pyrazol-1-yl)ethyl)amine. Dalton Trans. 2013, 42, 3968–3978. [CrossRef]

6. Mautner, F.A.; Louka, F.R.; Hofer, J.; Spell, M.; Lefèvre, A.; Guilbeau, A.E.; Massoud, S.S. One-dimensional
cadmium polymers with alternative di(EO/EE) and di(EO/EO/EO/EE) bridged azide bonding modes.
Cryst. Growth Des. 2013, 13, 4518–4525. [CrossRef]

http://www.mdpi.com/2073-4352/10/4/317/s1
www.ccdc.cam.ac.uk/data_request/cif
http://dx.doi.org/10.1021/acs.cgd.7b01752
http://dx.doi.org/10.1039/C2CE26525G
http://dx.doi.org/10.1039/b415352a
http://dx.doi.org/10.1021/ja311285b
http://www.ncbi.nlm.nih.gov/pubmed/23343477
http://dx.doi.org/10.1039/c2dt32540c
http://dx.doi.org/10.1021/cg400998r


Crystals 2020, 10, 317 6 of 7

7. Mautner, F.A.; Fischer, R.C.; Reichmann, K.; Gullett, E.; Ashkar, K.; Massoud, S.S. Synthesis and
characterization of 1D and 2D cadmium(ii)-2,2′-bipyridine-N,N′-dioxide coordination polymers bridged by
pseudohalides. J. Mol. Struct. 2019, 1175, 797–803. [CrossRef]

8. Massoud, S.S.; Henary, M.M.; Maxwell, L.; Martín, A.; Ruiz, E.; Vicente, R.; Fischer, R.C.; Mautner, F.A.
Structure, magnetic properties and DFT calculations of azido-copper(ii) complexes with different
azido-bonding, nuclearity and dimensionality. New J. Chem. 2018, 42, 2627–2639. [CrossRef]

9. Escuer, A.; Esteban, J.; Perlepes, S.P.; Stamatatos, T.C. The bridging azido ligand as a central “player” in
high-nuclearity 3d-metal cluster chemistry. Coord. Chem. Rev. 2014, 275, 87–129. [CrossRef]

10. Zheng, L.-L.; Leng, J.-D.; Liu, W.-T.; Zhang, W.-X.; Lu, J.-X.; Tong, M.-L. Cu2+-Mediated nucleophilic addition
of different nucleophiles to dicyanamide—Synthesis, structures, and magnetic properties of a family of
mononuclear, trinuclear, hexanuclear, and polymeric copper(II) complexes. Eur. J. Inorg. Chem. 2008, 2008,
4616–4624. [CrossRef]

11. Aguirre-Díaz, L.M.; Reinares-Fisac, D.; Iglesias, M.; Gutiérrez-Puebla, E.; Gándara, F.; Snejko, N.; Monge, M.Á.
Group 13th metal-organic frameworks and their role in heterogeneous catalysis. Coord. Chem. Rev. 2017, 335,
1–27. [CrossRef]

12. Liu, J.; Chen, L.; Cui, H.; Zhang, J.; Zhang, L.; Su, C.-Y. Applications of metal–organic frameworks in
heterogeneous supramolecular catalysis. Chem. Soc. Rev. 2014, 43, 6011–6061. [CrossRef] [PubMed]

13. Li, J.-R.; Tao, Y.; Yu, Q.; Bu, X.-H.; Sakamoto, H.; Kitagawa, S. Selective gas adsorption and unique structural
topology of a highly stable guest-free zeolite-type MOF material with N-rich chiral open channels. Chem. Eur.
J. 2008, 14, 2771–2776. [CrossRef] [PubMed]

14. Ye, B.-H.; Tong, M.-L.; Chen, X.-M. Metal-organic molecular architectures with 2,2′-bipyridyl-like and
carboxylate ligands. Coord. Chem. Rev. 2005, 249, 545–565. [CrossRef]

15. Li, X.; Wu, B.L.; Niu, C.Y.; Niu, Y.Y.; Zhang, H.Y. Syntheses of
Metal−2-(Pyridin-4-yl)-1H-imidazole-4,5-dicarboxylate networks with topological diversity: Gas
adsorption, thermal stability and fluorescent emission properties. Cryst. Growth Des. 2009, 9, 3423–3431.
[CrossRef]

16. Brzostek, K.S.; Terlecki, M.; Sokołowski, K.; Lewinski, J. Chemical fixation and conversion of CO2 into cyclic
and cage-type metal carbonates. Coord. Chem. Rev. 2017, 334, 199–231. [CrossRef]

17. Hu, Z.; Deibert, B.J.; Li, J. Luminescent metal–organic frameworks for chemical sensing and explosive
detection. Chem. Soc. Rev. 2014, 43, 5815–5840. [CrossRef]

18. Cui, Y.; Yue, Y.; Qian, G.; Chen, B. Luminescent functional metal–organic frameworks. Chem. Rev. 2012, 112,
1126–1162. [CrossRef]

19. Yue, Q.; Gao, E.-Q. Azide and carboxylate as simultaneous coupler for magnetic coordination polymers.
Coord Chem. Rev. 2019, 382, 1–31. [CrossRef]

20. He, Y.; Li, B.; O’Keeffe, M.; Chen, B. Multifunctional metal–organic frameworks constructed from
meta-benzenedicarboxylate units. Chem. Soc. Rev. 2014, 43, 5618–5656. [CrossRef]

21. Patra, R.; Titia, H.M.; Goldberg, I. Coordination polymers of flexible polycarboxylic acids with metal ions. V.
polymeric frameworks of 5-(3,5-dicarboxybenzyloxy)-3-pyridine carboxylic acid with Cd(ii), Cu(ii), Co(ii),
Mn(ii) and Ni(ii) ions; synthesis, structure, and magnetic properties. CrystEngComm 2013, 15, 2863–2872.
[CrossRef]

22. Zhang, L.-Y.; Zhang, J.-P.; Lin, Y.-Y.; Chen, X.-M. Syntheses, structures, and photoluminescence of three
coordination polymers of cadmium dicarboxylates. Cryst. Growth Des. 2006, 6, 1684–1689. [CrossRef]

23. Schulz, A.; Villinger, A. Binary polyazides of cadmium and mercury. Chem. Eur. J. 2015, 21, 3649–3663.
[CrossRef] [PubMed]

24. Sutradhar, D.; Chowdhury, H.; Banerjee, S.; Saha, N.C.; Ghosh, B.K. Syntheses, crystal structures and
luminescence behaviors of four neutral penta-/hexacoordinate cadmium(II) compounds containing a
tridentate Schiff base: Variation in coordination numbers, nuclearities and dimensionalities by changing
halides/pseudohalides. Inorg. Chim. Acta 2019, 485, 86–97. [CrossRef]

25. Bai, H.; Liu, Y.; Liu, Z.; Yu, T.; Liu, Z.; Yang, Y.; Zhu, Y. Twelve cadmium (ii) coordination frameworks with
asymmetric pyridinyl triazole carboxylate: Syntheses, structures, and fluorescence properties. Cryst. Growth
Des. 2019, 19, 3785–3806.

http://dx.doi.org/10.1016/j.molstruc.2018.08.022
http://dx.doi.org/10.1039/C7NJ04150K
http://dx.doi.org/10.1016/j.ccr.2014.04.001
http://dx.doi.org/10.1002/ejic.200800486
http://dx.doi.org/10.1016/j.ccr.2016.12.003
http://dx.doi.org/10.1039/C4CS00094C
http://www.ncbi.nlm.nih.gov/pubmed/24871268
http://dx.doi.org/10.1002/chem.200701447
http://www.ncbi.nlm.nih.gov/pubmed/18228551
http://dx.doi.org/10.1016/j.ccr.2004.07.006
http://dx.doi.org/10.1021/cg801321e
http://dx.doi.org/10.1016/j.ccr.2016.10.008
http://dx.doi.org/10.1039/C4CS00010B
http://dx.doi.org/10.1021/cr200101d
http://dx.doi.org/10.1016/j.ccr.2018.12.002
http://dx.doi.org/10.1039/C4CS00041B
http://dx.doi.org/10.1039/c3ce27023h
http://dx.doi.org/10.1021/cg060194f
http://dx.doi.org/10.1002/chem.201406023
http://www.ncbi.nlm.nih.gov/pubmed/25614293
http://dx.doi.org/10.1016/j.ica.2018.10.002


Crystals 2020, 10, 317 7 of 7

26. Afkhami, F.A.; Khandar, A.A.; Mahmoudi, G.; Amini, M.; Molins, E.; Garczarek, P.; Lipkowski, J.; White, J.M.;
Kirillov, A.M. New cadmium(II) and zinc(II) coordination polymers derived from a pyridine-hydrazone
block: Self-assembly generation, structural and topological features, and theoretical analysis. Inorg. Chim.
Acta 2017, 458, 68–76. [CrossRef]

27. Wan, J.; Cai, S.-L.; Zhang, K.; Li, C.-J.; Feng, Y.; Fan, J.; Zheng, S.-R.; Zhang, W.-G. Anion- and
temperature-dependent assembly, crystal structures and luminescence properties of six new Cd(ii)
coordination polymers based on 2,3,5,6-tetrakis(2-pyridyl)pyrazine. CrystEngComm 2016, 18, 5164–5176.
[CrossRef]

28. Khandar, A.A.; Afkhami, F.A.; Hosseini-Yazdi, S.A.; White, J.M.; Kassel, S.; Dougherty, W.G.; Lipkowski, J.;
Van Derveer, D.; Giester, G.; Costantino, F. Anion influence in the structural diversity of cadmium coordination
polymers constructed from a pyridine based Schiff base ligand. Inorg. Chim. Acta 2015, 427, 87–96. [CrossRef]

29. He, Y.-C.; Guo, J.; Zhang, H.-M.; Ma, J.-F.; Liu, Y.-Y. Tuning the void volume in a series of isomorphic porous
metal–organic frameworks by varying the solvent size and length of organic ligands. CrystEngComm 2014,
16, 5450–5457. [CrossRef]

30. He, X.; Zhang, J.; Wu, X.-Y.; Lu, C.-Z. Syntheses, crystal structures and properties of a series of 3D cadmium
coordination polymers with different topologies. Inorg. Chim. Acta 2010, 363, 1727–1734. [CrossRef]

31. Goher, M.A.S.; Mautner, F.A.; Abu-Youssef, M.A.M.; Hafez, A.K.; Badr, A.M.-A. Synthesis and crystal
structure of three new 2D polymeric cadmium(ii) complexes of some pyridine derivatives with different
cadmium(ii)–azide topologies. J. Chem. Soc. Dalton Trans. 2002, 17, 3309–3312. [CrossRef]

32. Zhang, N.; Song, L.-S.; Liu, X.-C.; Dong, W.-L.; Niu, Y.-Y.; Zhang, Z.-H. Three novel metal supramolecular
polymers directed by 1,2-bis(pyridinium)ethane cation: Syntheses and crystal structures. Synth. React. Inorg.
Met.-Org. Nano-Met. Chem. 2012, 42, 965–971. [CrossRef]

33. Yang, E.-C.; Shi, X.-J.; Liu, Z.-Y.; Zhao, X.-J. A cadmium(II)- and a nickel(II)-polymer with azide
and 1,3-bis(4-pyridyl)propane ligands showing neutral pentanuclear cluster-based 3D MOF and
self-interpenetrated 2D undulated layer. Inorg. Chem. Commun. 2010, 13, 733–736. [CrossRef]

34. Song, P.-C.; Song, W.-C.; Tao, Y.; Hu, T.-L.; Zeng, Y.-F. Cadmium coordination polymers based on biimidazole
and bibenzimidazole: Syntheses, crystal structures and fluorescent properties. Solid State Sci. 2010, 12,
1357–1363. [CrossRef]

35. Cui, P.; Chen, Z.; Gao, D.; Zhao, B.; Shi, W.; Cheng, P. Syntheses, structures, and photoluminescence of a
series of three-dimensional Cd (II) frameworks with a flexible ligand, 1, 5-bis (5-tetrazolo)-3-oxapentane.
Cryst. Growth Des 2010, 10, 4370–4378. [CrossRef]

36. Basak, S.; Sen, S.; Marschner, C.; Baumgartner, J.; Batten, S.R.; Turner, D.R.; Mitra, S. Synthesis, crystal
structures and fluorescence properties of two new di- and polynuclear Cd(II) complexes with N2O donor set
of a tridentate Schiff base ligand. Polyhedron 2008, 27, 1193–1200. [CrossRef]

37. Nawrot, I.; Machura, B.; Kruszynski, R. Exploration of Cd(II)/pseudohalide/di-2-pyridylketone
chemistry–rationalsynthesis, structural analysis and photoluminescence. CrystEngComm 2016, 18, 2650–2663.
[CrossRef]

38. Machura, B.; Nawrot, I.; Michalik, K. Synthesis, spectroscopic characterization and X-ray studies of two
novel double open cubane-like cadmium(II) complexes. Polyhedron 2012, 31, 548–557. [CrossRef]

39. Guo, L.-Y.; Su, H.-F.; Kurmoo, M.; Tung, C.-H.; Sun, D.; Zheng, L.-S. Core–shell {Mn7⊂(Mn,Cd)12} assembled
from core {Mn7} disc. J. Am. Chem. Soc. 2017, 139, 14033–14066. [CrossRef]

40. Soudani, S.; Mi, J.-X.; Lefebvre, F.; Jelsch, C.; Nasr, C.B. Synthesis and physico-chemical studies of a novel
layered structure with a heptanuclear Cd complex: (C9N4H28)Cd7(H2O)2Cl18·nH2O (n = 5.89). J. Mol. Struct.
2015, 1084, 46–54. [CrossRef]

41. Majumdar, D.; Biswas, J.K.; Mondal, M.; Babu, M.S.S.; Das, S.; Metre, R.K.; Kumar, S.S.S.; Bankura, K.;
Mishra, D. Cd(II) pseudohalide complexes with N,N′-bis(3-ethoxysalicylidenimino)-1,3-diaminopropane:
Crystal structures, hirshfeld surface, antibacterial and anti-biofilm properties. Chem. Sel. 2018, 3, 2912–2925.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.ica.2016.12.020
http://dx.doi.org/10.1039/C6CE00853D
http://dx.doi.org/10.1016/j.ica.2014.11.028
http://dx.doi.org/10.1039/c4ce00347k
http://dx.doi.org/10.1016/j.ica.2010.03.019
http://dx.doi.org/10.1039/B202007F
http://dx.doi.org/10.1080/15533174.2012.680103
http://dx.doi.org/10.1016/j.inoche.2010.03.033
http://dx.doi.org/10.1016/j.solidstatesciences.2010.05.008
http://dx.doi.org/10.1021/cg100467p
http://dx.doi.org/10.1016/j.poly.2007.12.005
http://dx.doi.org/10.1039/C6CE00112B
http://dx.doi.org/10.1016/j.poly.2011.10.006
http://dx.doi.org/10.1021/jacs.7b08679
http://dx.doi.org/10.1016/j.molstruc.2014.12.007
http://dx.doi.org/10.1002/slct.201702970
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Synthesis of [Cd6(TPA)4(3-1,1,3-N3)4(2-1,1-N3)6](ClO4)22H2O (1) 
	References

