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INTRODUCTION 

 

The rapid development of the metal-organic chemistry in the early 1950s, resulted in the 

emergence of a variety of remarkable and molecular structures and of the new compounds involved in 

catalysis, nonlinear optics, electronics, photoluminescence, adsorption, separation and gas storage, etc. 

Coordinative chemistry provides the means for the design of such structures, as the metal ions 

and ligands relates naturally and spontaneously with each other via the coordinative interactions, giving 

rise to a variety of structures, from discrete to the extended architectures. 

Depending on the chemical structure of the ligands, metal-organic frameworks can be rigid or 

flexible and dynamic by exposure to certain stimuli. The structural flexibility is a unique and 

interesting property for selective adsorption and separation, but difficult to achieve with rigid porous 

structures. 

The design of such structures with specific functionalities and properties represents a permanent 

aspiration for scientists. The combination of those two components of MOFs: metal ion, or cluster and 

organic ligand, offers infinite possibilities. 

Carboxylic ligands, such as aromatic ones, especially di- and tricarboxylic acids, proved to be a 

convenient alternative to obtain metal-organic frameworks that exhibit a remarkably high surface, with 

uniform distribution of pore sizes. Their main disadvantage is their lack of stability in the air and in the 

presence of moisture, which is a significant issue in the case in which it would be used in industrial or 

commercial applications. To this aim, a number of researchers have investigated different methods to 

improve stability in the presence of humidity, through the incorporation of methyl groups close to the 

coordination sites or by postsynthetic strategy incorporation of the hydrophobic groups. 

In this context, our efforts have been directed towards the development of strategies for obtaining 

metal-organic frameworks based on siloxane or silane ligands which will provide both flexibility 

(through the siloxane bond) and hydrophobicity (due to dimethylsilane or dimethylsiloxane sequences).  

Taking into account the characteristics of the building blocks of the proposed structures (nonpolar 

and flexible silicone component versus the rigid and  polar complexed metal), theme addressed in this 

thesis is of a great difficulty in terms of synthesis and characterization, but constitutes a big challenge 

due to very interesting properties that can develop these compounds: amphiphilic character, stimuli 

response, adaptability, etc. 

The doctoral thesis entitled "METAL COMPLEXES, POLYMERS AND COORDINATION 

NETWORKS BASED ON SILOXANE AND SILANE LIGANDS" has as general objective the 

synthesis and characterization of new metal-organic compounds, from discrete molecules to extensive 

networks having in the structure siloxane or silane units, with applications in catalysis, gas storage, 

biology (as antimicrobial agents), luminescent devices, etc. 

To achieve the general objective, following specific objectives were carried out:  

 Synthesis of new amine and carbonyl compounds having siloxane or silane units in the 

structure; 

 Obtaining appropriate ligands with siloxane or silane sequences: Schiff bases and 

carboxylic acids; 

 Preparation of metal complexes starting from 3d metal ions and ligands containing 

siloxane or silane units;   

 Preparation of polymers having pendant complexing groups and their use in 

coordination of  3d metal ions; 

 Synthesis of polymers and supramolecular structures based on siloxane and silane 

ligands and metal ions (3d);  

 Evaluation through specific techniques of the properties and potential applications of the 

ligands, metal complexes and coordination networks. 

 



INTRODUCTION 

The thesis consists of two parts, being divided into seven chapters. The paper expands on 369 

pages and contains 279 figures, 35 schemes, 51 tables and 470 references. 

The first part presents a summary of the literature data on the development of coordination 

compounds. The second part is structured into six chapters and presents the original contributions in the 

field of metal-organic compounds which have in the structure siloxane or silane units. 

Chapter I is a literature study on the present state of the research in the field of metal 

complexes and provides details on the design principles of metal-organic porous structures and 

posibilities for their characterisation through specific methods: X-ray diffraction for structural 

confirmation, gas sorption in order to assess them in terms of porosity and gas storage capacity. The 

strategies in obtaining coordination networks are presented in order to achieve an easy guided process 

of structural synthesis, by choosing suitable ligands (rigid or flexible) and connectors (metal ions or 

clusters), and strategies for the optimization of voids in order to increase the capacity and selectivity for 

gas storage and separation of active principles.   

Chapters II, III, IV, V and VI describe original contributions for synthesis, structural 

characterization by single crystal X-ray diffraction, evaluation of the properties and application areas of 

the new metal complexes with discrete and extended structure on the basis of new ligands with siloxane 

or silane segments.  

Chapter II describes the methods of obtaining and characterisation of new amines and 

aldehydes, derived Schiff bases and carboxylic acids containing siloxane sequences or silane units 

within structure.  

Chapter III presents the results obtained by the complexation of  the synthesized ligands with 

3d metal ions (Cu
2+

, Zn
2+

 and Co
2+

). By varying the conditions of synthesis and crystallization, metal 

complexes with discrete or extended structures and different coordination geometries were obtained. 

Chapter IV describes synthesis and characterization of the coordination polymers based on 

macromolecular ligands with pendante complexing groups and 3d metals (Cu
2+

, Co
2+

, Zn
2+

) having in 

the structure siloxane sequences or silane units. 

Chapter V describes the original results regarding coordination polymers and supramolecular 

structures of the ligands containing siloxane and silane segments and 3d metals using self-assembly 

strategy and is structured into five subchapters. The first subchapter, V.1., presents the synthesis and 

characterization of supramolecular polymers of the ligands having silane units in their structure by 

intermolecular noncovalent interactions: hydrogen bonds and π-π stacking interactions. Subchapters 

V.2-V.5 describe the synthesis of coordination polymers and metal-organic networks-based on siloxane 

or silane ligands and 3d metal ions, and are structured according to the coordinated ions. Subchapter V. 

2. presents the obtained 1D and 3D metal-organic frameworks containing Cu(II). In subchapter V.3., 

various methods are described (solvothermal or nonsolvothermal) for the preparation of metal-organic 

networks based on secondary building units (SBUs) - polynuclear clusters of manganese - and various 

dicarboxylic acids as structural 1 D, 2D and 3D extension. Another subchapter, V.4., is devoted to 

obtaining and characterization of new metal-organic networks based on ligands with siloxane and 

silane units in the structure and Zn(II) ions, in presence or absence of co-ligands. The last subchapter, 

V.5., presents results related to 1 D and 2D coordination networks based on carboxylic ligands with 

siloxane sequence in the structure and Co(II) ions, in the presence of 4,4'-azopyridine and 

salicylaldoxime as co-ligands. 

Chapter VI presents the results of tests evaluating the potential applications of the ligands with 

siloxane and silane sequences as well as of the metallic complexes derived from them in the field of 

biology as antimicrobial agents. For a part of the synthesized ligands, metal complexes and metal-

organic networks with Zn(II) ions in the structure, photoluminescence properties were evaluated. There 

are also described the results of the catalytic activity evaluation of a tetranuclear complex of Cu(II) in 

hydrocarboxylation of linear and cyclic alkanes, in peroxidative  oxidation of cyclohexane and solvent-

free microwave-assisted oxidation of 1-phenylethanol. For a Co(II) complex was tested the efficiency



ORIGINAL CONTRIBUTIONS 

 of its use as a filler in silicone matrix, in order to increase the dielectric constant, of interest to the 

engineering of artificial muscles. 

Chapter VII is the experimental section of the thesis and presents the materials used in the 

synthesis of the compounds, characterization methods and crystallization techniques.  

The thesis ends with the presentation of the General conclusions and bibliography. 

The abstract of the thesis presents several results described in chapters II, III and V, the final 

conclusions, bibliography and the dissemination of the scientific results. Numbering of chapters, tables 

and schemes as well as the references are the same with those presented in the thesis. 

 

Original contributions 

Starting from the premise that the Si-O-Si large and flexible angle ranging between 135
o
 and 

180
o
 might confer some special features, our objective was to obtain new N2O2 ligands with siloxane 

sequence in the structure using a new siloxane diamine (Scheme 1) (Chapter 1.1.) (153). 

Cl Si
O

Si Cl NaOOC NH2H2N COONa

- 2 NaCl

C Si
O

Si C NH2
H2N

1

O O

O O

DMF

 
Schema 1. Synthesis pathway leading to siloxane diamine, 1,1,3,3-tetramethyldisiloxane-1,3-

diyl)bis(methylene)-bis(4-aminobenzoate), 1 

 

Single crystal X-ray diffraction of the diamine 1 reveals a molecular structure composed from 

neutral entities (Figure 15). The main crystal structure motif can be characterized as 2D layers formed 

via a system of N1-H ...O1 hydrogen bonds (figures 16 and 17) (Chapter 1.2). 

 

   
Figure 15. Molecular structure of 

diamine 1 

 

Figure 16. The association of the 

molecules 1 through N–H· · ·O 

hydrogen bonds in the crystal 

Figure 17. The view of two-

dimensional supramolecular double layer 

in the crystal structure 1 

 

Schiff bases were obtained by condensation of the siloxane diamine with different carbonylic 

compounds (Chapter 1.3). Structural studies have revealed that the molecules are in cis conformation, 

the aromatic rings being oriented on the same side with respect to siloxane moiety. This is attributed 

specially to the flexible Si-O-Si angle, and it can be seen in  different values of Si-O-Si angle and Si-O 

distances depending on the nature of the substituent on the aromatic ring (table 4) (Chapter 1.4.). 

 

Table 4. Si-O-Si bond angles and bond distances for compounds 2-5  

Parameter 1 2 3 4 5 

A B A B 

Si-O Length  1.614(2); 

1.608(2) 

1.624(2); 

1.637(2) 

1.623(3); 

1.628(3) 

1.625(3); 

1.638(3) 

1.577(3); 

1.600(3) 

1.603(3); 

1.526(3) 

1.629(1) 

Si-O-Si Angle  158.1(2) 147.4(1) 146.5(2) 143.9(2) 158.9(2) 172.0(3) 153.8(3) 
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Structural diversity of metal complexes with Schiff bases ligands and the evaluation of the 

properties-structure relations have been extensively studied in recent years (186-190). 

 Concerns in the field of metal complexes with Schiff bases ligands are one of the objectives of 

this thesis and confirm an intensive research in the area of coordination compounds with siloxane 

sequence in the structure (127,128, 131-133, 203-205), by description of new metal complexes derived 

from Schiff bases ligands with trimethylsilyl units, as discrete or extended structures (Chapter III.1.). 

Thus, by complexing of the ligand 12 (L2) with Cu(II) ions (scheme 14), a tetranuclear 

complex was obtained, whose structure was established by single crystal X-ray diffraction (figure 130) 

(Chapter III.3.). Copper complex crystallizes in the space group Pbca, without any solvent molecule 

co-crystallized. The central part of the complex consists of a tetranuclear {Cu4} core held together by a 

μ4-oxido ligands. Two mono-deprotonated ligands (L2) are coordinated to the four copper (II) ions 

through four nitrogen atoms and two phenolato oxygen donors. The slightly distorted square-planar 

geometry of each metal ion is completed by a chloride anion and the central µ4-oxido ligand. The four 

copper ions are located at the vertices of a distort tetrahedron around the central µ4-oxido ligand with: 

Cu1O1Cu2 103.4(4)°, Cu3O1Cu4 103.1(4)°, Cu1O1Cu4 106.8(4)°, Cu2O1Cu3 114.9(5)°. 

(Chapter III 3.1) (217). 

 

 

 

 

Scheme 14. Synthesis of [Cu4(μ4-O)(L2)2Cl4], C4 Figure 130. X-ray diffraction structure of 

[Cu4(μ4-O)(L2)2Cl4] 

 

Carboxylic acids are the most frequently used and studied ligands. Different of those reported in 

the literature, carboxylic ligands having siloxane sequence in the structure constitute an original 

approach in the design of metal-organic frameworks with conformational flexibility. By treating 1,3-bis 

(p-carboxyphenylene-ester-methylene)tetramethyldisiloxane acid (Chapter 4.1) (171) with imidazole in 

the presence of Cu(OH)2, [Cu(HIm)4(H2O)2]
2+

( L
2-

) complex was obtained, whose structure was 

confirmed by single crystal X-ray diffraction (Chapter V. 2.2.). The crystal structure of complex 

comprises [Cu(HIm)4(H2O)2]
2+

 complex cations, L
2-

 anions and statistically distributed solvate water 

molecules in 1:1:4.5 ratio. A view of the asymmetric part of the unit cell is shown in figure 201.  

 

  
Figure 201. View of the asymmetric part of the unit cell in 

the crystal structure of [Cu(HIm)4(H2O)2]
2+( L2-) 

Figure 202. 3D network of [Cu(HIm)4(H2O)2]
2+( L2-) 
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Double deprotonated tetramethyldisiloxane-containing dicarboxylic acid (L
2-

) counter-anion is in a 

fully transoid conformation and does not coordinate to copper atom. In the crystal, the discrete 

[Cu(HIm)4(H2O)2]
2+

 and L
2- 

 ions are connected by the coordinated and solvated water molecules into 

a 3D supramolecular network through intermolecular O-HO (figure 202). In this arrangement, the 3D 

architecture is consolidated by numerous N-HO hydrogen bonds formed between coordinated 

imidazole molecules as donors and oxygen atoms of carboxylate groups and water molecules as 

acceptors. The supramolecular structure is stabilized by π-π stacking interactions between adjacent 

centrosymmetrically related imidazole rings, evidenced by the short (3.652 Å) centroid-to-centroid 

distance (Chapter v. 2.2.2.). 

A particularly interesting concept in supramolecular chemistry is the supramolecular polymer, 

consisting in an array of low molecular weight molecules linked by directional, non-covalent 

interactions, in order to form linear chains (289). In order to obtain supramolecular polymers with 

dimethylsilane units, SP1, SP2 and SP3, bis[N-(p-carboxyphenyl)phtalimidyl]dimethylsilane acid has 

been used and three pyridine derivatives: 4,4`-bipyridyl, 1,2-bis(4-pyridyl)ethylene, and 4,4’-

azopyridine (Scheme 21) (Chapter V.1.3.). Supramolecular polymers resulting from self-assembly of 

bis[N-(p-carboxyphenyl)phtalimidyl]dimethylsilane acid with  4,4`-bipyridyl and 4,4'-azopyridine were 

obtained in the form of single crystals suitable for X-ray diffraction. The main packing motif is the 

same in both crystals, and is represented by a wavy chain formed by an alternate sequence of 4,4’-

bipyridyl (for SP1), 4,4’-azopyridine (for SP3) and bis[N(3-carboxyphenyl)phtalimidyl]dimethylsilane 

molecules linked by O-H···N hydrogen bonds between carboxylic groups as donor and the nitrogen 

atoms as acceptor. The extension of the crystal structure in both co-crystals occurs through numerous 

C-H···O contacts, which sustains a 3D two-component supramolecular architecture, shown in figures 

187 and 188 (Chapter V.1.4.). The morphology in film of the supramolecular polymers was studied by 

AFM revealing a compact, globular morphology in the case of SP1, a bundle, adopting coiled 

superstructures in the case of SP2 and a structuration characteristic to a porous material in the case of 

SP3 (313) (figure 191) (Chapter V.1.6.). 

 

 
 

 

Figure 187. Crystal 

structure packing in SP1 

 

Scheme 21. Chemical structure 

of the supramolecular polymers, 

SP1, SP2, and SP3 

Figure 191. Tapping mode 

3D height AFM images of 

the samples SP1-SP3 

prepared on flat surface 

Figure 188. View of the 

crystal structure along a 

crystalographic axis in SP3 

Self-assembly of 1,3-bis(carboxypropyl)tetramethyldisiloxane acid with 4,4'-azopyridine 

through hydrogen bonds results in formation of a 1D supramolecular chain, as can be seen in Figure 

261. A re-organization of the supramolecular structures occurred by introducing the metal salt, due to 

the ability of the carboxyl groups and pyridyl fragments to coordinate Co(II) ions (figure 264) (Chapter 

V.5.1).  

Single crystal X-ray diffraction analysis indicates the formation of 2D coordination network 

constructed from CoN2O4 sites linked through 1,3-bis(carboxypropyl)tetramethyldisiloxane and 4,4'-

azopyridine spacer as bridging ligands (figure 265) (419). 



ORIGINAL CONTRIBUTIONS 

 

 

 

 

Figure 261. The view of H-bonded 1D 

chain in crystal structure 

Figure 265. View of 2D layer 

along [110] crystallographic axis 

of {[Co(azopy)H2L]H2L}n 

 

Figure 264. 2D coordination network 

{[Co(azopy)H2L]H2L}n. 

Symmetry codes: i) -x; 1-y; 1-z; ii) -x-1; -y; 1-z. 

 

Special attention in MOFs design was attributed to secondary building units (SBUs) in order to 

obtain new coordinative compounds with structures and preset dimensionality using carboxylic 

polydentate ligands (393-395). Considering the various possibilities in the design of such structures, 

our goal was to obtain polymers and coordination networks based on carboxylic acids with siloxane or 

silane sequences using polynuclear clusters as SBUs. Thus, starting from bis (p-

carboxyphenyl)diphenylsilane, in the presence of Mn(II) ions, in DMF, in solvothermal conditions, a 

3D structure containing a trinuclear SBU [Mn3] was obtained (figure 231). Each Mn atom has a 

slightly distorted octahedral O6 coordination. There are four bidentate-bridging (k
1
-k

2
)-μ carboxylate 

ligands coordinated to Mn1 atom in equatorial plane. By contrary, Mn2 atom is surrounded by two 

bidentate-bridging and two monodentate carboxylate ligands (figure 231). The coordination of the 

manganese atom is completed by two μ-H2O and two DMF molecules as monodentate ligands in apical 

positions. All monodentate carboxylate ligands are partially protonated and are involved as acceptor in 

hydrogen bonding with coordinated aqua ligands, which contribute to additional consolidation of 

[Mn3] cluster. A fragment of 3D network in the crystal structure is shown in figure 232. Each 

trinuclear [Mn3] cluster are interacting with four adjacent [Mn3] units via eight double deprotonated 

dipolar silicon-centered connectors generating a network topology as can be seen in figure 232. The 

crystal structure packing essentially results from the packing of these 2D networks parallel to 110 

plane, as shown in figure 233 (Chapter V.3.2.1.). 

 

 

 
 

Figure 231. A view of trinuclear [Mn3] cluster in the 

crystal structure of  

{Mn3(μ-H2O)2(Hcpdps)2(cpdps)2(DMF)2]∙2DMF∙12H2O}n 

Figure 232. View of 3D network in the crystal 

structure of {Mn3(μ-

H2O)2(Hcpdps)2(cpdps)2(DMF)2]∙2DMF∙12H2O}n 

Figure 233. View of the crystal 

structure along the crystallographic 

axis b 



GENERAL CONCLUSIONS 

The results obtained and the data presented in this thesis allow formulation of general 

conclusions: 

 

 46 new compounds were synthesized and structurally characterized by spectral methods 

and single crystal X-ray diffraction (4 amines, 6 acids, 1 aldehyde, 1 anhydride, 1 

macrocycle, 11 Schiff bases, 6 polymers and supramolecular structures, 6 metal 

complexes, 2 1D-coordination polymer, 8 coordination networks 1D-1, 2D-3, 3D-4) 

containing either siloxane or silane units within the structure. 23 of these compounds 

were already recorded in the CCDC database. Two macromolecular ligands 

(polyazomethines) and 6 metal complexes derived from them have been also synthesized 

and characterized by spectral methods.  

 

●Schiff bases ligands 

 New amines and carbonylic derivatives have been prepared and used to obtain the 

Schiff bases ligands. 

 By condensation of the siloxane and silane-containing diamines with salicylaldehyde 

derivatives,  new Schiff bases different substituted to aromatic ring were obtained. 

Their structures were confirmed by single crystal X-ray diffraction.  

 Depending on the nature of the substituents at aromatic ring, the packing motifs in 

crystalline structures are different, noncovalent interactions (H-bonds and π-π 

stacking interactions) being important factors in these arrangements.  

 Optical behaviour of the Schiff bases in solvents with different polarities is influenced 

by the nature of the substituents at aromatic ring and by length of the spacer between 

the chromophore groups. Thus, the Schiff bases containing dimethylsilane groups 

present fluorescence, the emission intensity being determined by the chemical 

structure, the nature of the solvents and the substitutes at aromatic ring.   

 Schiff bases with siloxane sequence are flexible, crystallographic data highlighting 

the changes in siloxane angles and different architectures (2D or 3D) in the crystalline 

structure in dependence on the nature of substituents.    

 

●Molecular and polymeric coordination compounds of Schiff bases ligands  

 Schiff bases were used as ligands to coordinate 3d metal ions (Cu
2+

, Co
2+

, Zn
2+

). Metal 

complexes were obtained in form of single crystals, their structures being solved by X-

ray diffraction analysis.  

 Crystallographic data indicate discrete mono- and polynuclear structures, or 2D and 3D 

arhitectures depending on coordination geometry of the metal ions, the presence of co-

crystallized solvent molecules or functional groups involved in stabilization of the 

structure by intermolecular forces: H-bonds and  π-π stacking interactions.  

 The dialdehydes containing dimethylsilane units or siloxane sequences were used to 

prepare macromolecular ligands, polyazomethines, by condensation with 2,5-bis(p-

aminophenyl)-1,3,4-oxadiazole. The presence of the nitrogen atoms in the imine groups 

and oxadiazole rings allows the coordination of metal ions by the synthesized ligands.  

 The presence of the siloxane or Si-C bonds confers flexibility, that can induces special 

feature, such as low glass transition temperature (in 41 - 67.5 
o
C) range for the 

compounds with dimethylsilane units in the structure and (-50.61- (-65.54) 
o
C range for 
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the compounds with siloxane sequences in the structure). The structural flexibility of the 

synthesized compounds confers good solubility in polar aprotic solvents, which allows 

easier evaluation of properties.  

 The presence of the oxadiazole ring in the structure of polyazomethines confers 

fluorescence and posibility to coordinate metal ions.  

 The presence of the metal ions in the obtained structures leads to the increased values of 

dielectric constant and conductivity.    

 Thermal stability of the polyazomethines decreases by complexation with metal ions, 

probably due to catalytic action of the metal in the decomposition process.  

 

●Carboxylic acids ligands 

 Carboxylic ligands with siloxane or silane sequences in the structure were synthesized 

and structurally characterized by single crystal X-ray diffraction.  

 

●Supramolecular structures obtained on the basis of dicarboxylic acids   

 Using self-assembly strategy of the carboxylic acids with pyridine derivatives, 

supramolecular polymers were obtained by donor - acceptor interactions.  

 The structure of the supramolecular polymers was confirmed by single crystal X-ray 

diffraction analysis.  

 The association constant by H-bonds between the complementary groups (carboxyl and 

pyridyl) from the structure of the monomers was determinated by FTIR technique having 

values between 2.1x10
2
 and 4.27x10

2
 dm

3
/mol. These values indicate a relatively low 

polymerization degree. Their polymeric nature was confirmed by the presence of glass 

transitions on DSC curves.  

 Supramolecular polymers have proven the ability to organize in film, the AFM images 

revealing different morphologies in dependence on their structure.  

 The moisture behaviour of the supramolecular polymers was also studied, the results 

sugesting their hydrophobic nature. This behaviour can be changed under the influence of 

various factors.  The increase in temperature results in a significant increase in sorption 

capacity, because at high temperatures, the rate of H-bond dissociation intensifies 

favoring the molecular transport. This also highlights the dynamic nature of such 

structures. 

 

●Coordination polymers and networks with 3d metal ions and different arhitectures  

 Using the self-assembly strategy between carboxylic or supramolecular ligands and 3d 

metal ions (Cu
2+

, Mn
2+

, Zn
2+

, Co
2+

), coordination polymers and networks with different 

arhitectures were obtained in dependence on the coordination geometry of the metal ion 

and self-assembling via noncovalent interactions: hydrogen bonds and π-π stacking 

interactions.   

 Starting from different ligands, Schiff bases or carboxylic acids, in the presence of 

imidazole as co-ligand, three coordination networks having various arhitectures were 

obtained: 1D-coordination network [CuL2]n, formed by self-assembly through non-

covalent interactions O-Cu of the monomeric units [CuL2], which resulted by 

complexation of  a bidentate Schiff base with Cu
2+

 ions, a 3D-supramolecular network 

[Cu(HIm)4(H2O)2]
2+

L
2-

 formed by non-covalent interactions between a cationic complex 



GENERAL CONCLUSIONS 

[Cu(HIm)4(H2O)2]
2+

 and carboxylate anions, (1,3-bis(p-carboxyphenylene-ester-

methylene)tetramethyldisiloxane), and a 3D metal-organic framework {[Cu2(μ3-

tmds)2(imH)4]·H2tmds}n, formed by self-assembly through coordinative bonds of 

dinuclear Cu(II) paddle-wheel units with carboxylate ligand (1,3-

bis(carboxypropyl)tetramethyldisiloxane). 

 Using manganese clusters and manganese-oximate as SBUs, by clasical and solvothermal 

methods, three coordination networks were obtained on the basis of carboxylic acids 

containing siloxane sequence or silane units as bridged ligands: 1D coordination polymer 

{[Mn6(µ3-O)2(salox)6(H2salox)(H2O)3H2L]}n, formed by hexanuclear metal-oximate 

clusters and flexible carboxylate bridges (1,3-bis(carboxypropyl)tetramethyldisiloxane); 

two 3D-coordination networks:  

{Mn3(μ-H2O)2(Hcpdps)2(cpdps)2(DMF)2]∙2DMF∙12H2O}n,and 

{[Mn5L(cpdps)4(HCOO)2(H2O)2(DMF)4]·6DMF}n having trinuclear and pentanuclear 

clusters of bis(p-carboxyphenyl)diphenylsilane acid in the structure, which acts as a 

bridged ligand.  

 The interactions between Mn
2+

 ions were studied by variable-temperature magnetic 

susceptibility measurements revealing antiferromagnetic interactions between the metal  

ions in complexes.  

 Supramolecular structures formed by self-assembly of carboxylic acids with pyridine and 

imidazole derivatives as co-ligands reorganize in the presence of  Co
2+

 and Zn
2+

 metal 

ions leading to 2D-coordination networks: [Zn(H2L)(imH)4]n, [Zn2(azopy)2H2L]n and 

{[Co(azopy)H2L]H2L}n.  

 By using a carboxylate ligand and Zn 
2+

 ions, in solvothermal conditions, a 1D 

coordination polymer, Zn2(COO)4(DMF)2]·0.8DMF}n, was obtained consisting in 

dinuclear [Zn2(COO)4(DMF)2] fragments bridged through bis(p-

carboxyphenyl)diphenylsilane as double-deprotonated ligand. 

 Thermal stability of the complexes studied by thermogravimetrical analysis have revealed 

different patterns of decomposition in dependence on structure, the nature of the ligands, 

co-ligands and metal ions which can catalyse the decomposition process.   

 DSC results indicate in all cases the presence of the glass transition, proving the 

polymeric nature of the coordination polymers and networks. Due to the flexible siloxane 

sequences or silane units, the values of glass transition temperatures are lower, being in 

the range 7-76 
o
C. 

 The presence of siloxane and silane units in such of structures confers hydrophobicity, 

which is supported by low values of water vapours sorption capacity in all the cases.  

 The co-existence of the hydrophobic and flexible siloxane units and metal-coordinated 

polar blocks confers amphiphilic character and ability to self-assembly in solution, 

depending on concentration and solvents polarity, as well as the structuration in film, 

adopting different morphologies.  

 

●Study of some properties of interest for potential applications  

 The obtained ligands and metal complexes were tested in terms of their applicability 

potential in areas such as: biology, catalysis, gas storage, fluorescence, or active fillers in 

silicone matrix.   
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 The results have demonstrated that some Schiff bases ligands and metal complexes have 

a better antimicrobial activity compared with standards cmpounds: Caspofungin and 

Kanamycin.  

 Tetranuclear [Cu4(μ4-O)(L
2
)2Cl4] complex was tested as catalyst precursor in the 

hydrocarboxylation of C5–C8 linear (n-pentane, n-hexane, n-heptane and n-octane) and 

cyclic (cyclopentane, cyclohexane, cycloheptane and cyclooctane) alkanes into C6–C9 

carboxylic acids (yields: 12-18 % for linear alkanes, and  24 % in hydrocarboxylation of 

cyclohexane). Copper complex was also tested as catalyst precursor in the peroxidative 

oxidation of cyclohexane revealing a total yield of 13.2 % and TON of 122, in the 

presence of TFA as additive, after 60 minutes. Good results,  were obtained in oxidation 

of 1-phenylethanol in a solvent-free microwave-assisted reaction: total yield of  82% in 

acetophenone and TON of 826. 

 Gas (H2 and N2) sorption/desorption isotherms registered for two coordination networks 

[Zn2(azopy)2H2L]n and {[Cu2(μ3-tmds)2(imH)4]·H2tmds}n have indicated low values of 

sorption capacity at lower pressures. The absence of saturation allows hypothesis of 

increasing of this parameter at higher pressures on the basis of the intrinsic structural 

flexibility.  

 Zn(II) complexes and Zn(II) coordination networks have shown fluorescence thus 

allowing their use as fluorescent markers in different areas. 

 The metal complexes based on siloxane-containing ligands were found to have good 

compatibility with silicones and induce an increasing in their dielectric permittivity of 

interest for electromechanical application of the composites prepared on their basis.  
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