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Abstract: 

The construction of varied networks architectures has been accomplished by 

incorporating a variety of transition metal coordination geometries in ligand design. 

Nitrogen-based heterocycles represent a worthy example of ligands that react with metal 

ions, providing a significant role in the improvement of inorganic complexes and future 

synthetic works. 

There are series of new synthesized complexes that contain either copper(II) or 

nickel(II) metal atom with homoleptic and/or mixed-ligand as 2,2'-bipyrazine, 2,2'-

dipyridylamine, 2-(aminomethyl)pyridine. The structures of the coordination compounds 

which are [Cu(amp)2(NO3)2] where amp: 2-(aminomethyl)pyridine), [(bpz)Cu(OH)(ClO4)-

(H2O)]2.H2O, [Cu(bpz)3](ClO4)2.2CH3CN where bpz: 2,2'-bipyrazine, [Cu(dipyam)(H2O)-

(pca)]ClO4 where dipyam: 2,2'-dipyridylamine, pca: 2-pyrazinecarboxylate, [Ni(dipyam)2-

(bpz)](ClO4)2 and [Cu(bpz)2(H2O)](NO3)2 have been characterized based on several 

techniques as single crystal X-ray diffraction, FTIR spectroscopy and thermal analysis 

(DSC), and characterized in detail of ligands by FTIR spectroscopy. 

The Cu(II) atom in a new [Cu(amp)2(NO3)2] compound has six coordinated with 

four nitrogen atoms of 2-(aminomethyl)pyridine (amp) ligands, and with two oxygen atoms 

of the coordinated nitrate molecule. A distorted octahedral coordination geometry around 

copper Cu(II) atom. The crystal is monoclinic, with space group P21/c and the unit cell 

dimensions a = 8.6377 (7), b = 8.9833 (6), c = 9.9958 (8)A°, β = 99.430°, Z = 2 and V = 

765.14 (10) A°3. The crystal packing is stabilized by C-H…O and N-H…O hydrogen bonds 

between the pyridine and amino groups of amp ligand with the oxygen atoms of 

coordinated nitrate molecule. The chains also are reinforced by C-H…O interactions 

between the CH group of the amp ligand and oxygen atom of nitrate ligand of neighboring 

chain. Adjacent Cu chains overlapping with others by π–π stacking interactions connecting 

by two 2-(aminomethyl)pyridine ligand. 

The structure of the dimer [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O contains two separate 

centrosymmetric μ-hydroxy copper(II) dimers, with two terminal 2,2'-bipyrazine ligands, 

two molecules of water and two perchlorate groups and one water molecule as solvent 
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molecule. The crystal are triclinic, with space group P-1 and the unit cell dimensions are a 

= 8.0391 (10), b = 8.1718 (9), c = 10.5662 (14)A°, α = 77.973 (5), β = 80.465 (6), γ = 

84.271 (5)°, Z = 1 and V = 667.98 (14)A°3. The X-ray study shows that a distorted 

elongated tetragonal octahedral geometry around each copper(II) atom, where oxygen 

atoms of water and perchlorate particles located in the axial positions, while the two 

nitrogen atoms of 2,2'-bipyrazine ligand and two oxygen of the bridging hydroxo groups 

located in equatorial sites.  The hydrogen bond are formed according to the nitrogens of 

pyrazine ligands, oxygen of perchlorate groups, hydroxide groups of coordinated water and 

crystallization water molecules.  

The X-ray study of the new compound [Cu(bpz)3](ClO4)2.2CH3CN conclude to that 

Cu(II) center has distorted octahedral geometry and the crystal is monoclinic, with space 

group P21/c and the unit cell dimensions a = 11.2508(6), b = 22.1602(12), c = 

13.6980(8)A°, A = 90°, b = 90.302(5)°, g = 90°, Z = 4 and V = 3415.1(3) A°3. The crystal 

packing reveals different kinds of hydrogen bonds including, between acetonitrile and 

nitrogen atom of bpz ligands, oxygen atoms of perchlorate molecules, and hydrogen atom 

of bpz ligands and between hydrogen atom of acetonitrile and oxygen atom of perchlorate. 

Also, a Van Deer Waal interaction formed between the C-H of bpz with oxygen atom of 

ClO4. The adjacent sheets are interact through the π--π interaction.  

The in situ formed a new chelate  [Cu(dipyam)(H2O)(pca)]ClO4  studied by X-ray  

and showed that Cu(II) atom has five coordinated by two nitrogen atoms of 2,2'-

dipyridylamine, one nitrogen and one oxygen of 2-pyrazinecarboxylate (pca) ligand, one 

oxygen atom of coordinated water. The perchlorate molecule is a counter ion, A distorted 

square pyramid geometry around Cu(II) ion. The crystal is triclinic, with space group P-1 

and the unit cell dimensions are a = 7.8943 (10), b = 9.9511 (14), c = 13.412 (2) A°, α = 

98.908 (9), β = 106.079(8)°, γ = 112.715 (7)°, Z = 2 and V = 892.2 (2)A°3. The perchlorate 

anions bind the complex cations to produce a chain structure through O—H…O close 

contacts and C—H…O hydrogen bonds. The in situ forming of new ligand (pca) will 

encourage scientists to hypothesize a new methodology for C-C / C-N bond cleavage.  

The new divalent nickel chelate [Ni(dipyam)2(bpz)](ClO4)2, the X-ray structural 

analysis show that the Ni(II) atom is a hexacoordinated by two nitrogen atoms of 2,2'-

bipyrazine ligand, and four nitrogen atoms of two 2,2'-dipyridylamine ligands. The two 
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perchlorate ion is a counter ion. The geometry of the compound is a distorted octahedral 

because of existing the three chelate rings binds with Ni(II) metal, including two (dipyam), 

one 2,2'-bipyrazine ligands, each 2,2'-dipyridylamine located at equatorial plane and at 

axial position, and 2,2'-bipyrazine ligands located at equatorial positions. The crystal 

structure is monoclinic, with space group C2/c the unit cell dimensions are a = 16.919 (3), 

b = 11.2635 (18), c = 17.588 (4)A°, β = 113.037 (4)°, Z = 4 and V= 3084.4 (10)A°3.The 

perchlorate anions link the complex cations to form a chain structure through N—H…O 

close contacts and C—H…O hydrogen bonds, beside to 2,2'-bipyrazine ligand binds 

through C—H•••N. The π•••π and/or C-H•••π interactions that established by aromatic 

rings of pyridyl and pyrazinyl groups from adjacent sheet. 

The new [Cu(bpz)2(H2O)](NO3)2 complex investigated by X-ray analysis to find 

that Cu(II) atom is five coordinated with four nitrogen atoms of  2,2'-bipyrazine ligands, 

and with one oxygen atom of the water molecule. The two nitrate molecules as counter ion. 

A distorted trigonal bipyramidal geometry around copper Cu(II) atom. The crystal is 

Monoclinic, with space group C2/c and the unit cell dimensions a = 15.886 (6), b = 7.208 

(4), c = 18.016 (7)A°,β = 107.07 (4), Z = 4 and V = 1972.2 (17)A°3.The crystal packing is 

stabilized by hydrogen bond that formed according to nitrate anions which is acting as 

bridges to bond with the cations of the complex via O—H…N and O—H…O hydrogen 

bonds and C—H…O closed contacts.  

These complexes may be able to play role in different fields either chemical, 

biological or electrical studies due to their ligands have expanded using in multi 

applications, for example, using in development of selective catalysis, preparation of 

supramolecular compounds, designing of pharmaceutical molecules that used in drug 

discovery studies, beside to their utilizing in electro-optic materials, semiconductor 

materials and magnetic materials. 
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Chapter One 

1.1 Introduction: 

The construction of a wide variety of network topologies has been achieved through 

ligand design with using of different transition metal coordination geometries.[1] Nitrogen-

containing heterocycles is one of examples for ligands that interact with metal ions, in 

which it played a major role in the development of the inorganic complexes, and future 

synthetic work. [2]  

1.2 The importance of copper and nickel metals in coordination complexes 

Copper is one of widely used metals, where it is one of the 25 most wealth elements 

in the earth. [3, 4] Its complexes are distinct in coordination chemistry and extensive redox 

chemistry. The coordination and geometry of them related and affected by the oxidation 

state of copper, where its oxidation states vary from 0 to +3. But +2 (cupric) and +1 

(cuprous) are the most common. [3, 5] 

For Cu(I) ion, in which its closed shell d10, has the main coordination of four with 

tetrahedral geometry, however, the most commons are coordination of two with linear 

geometry and coordination of three with trigonal geometry. Their usually properties are 

diamagnetic and colorless, except if color emits from charge transfer by chelating ligands 

or affecting by the counter ion. On the other side, the coordination Cu(II) ion, in which its 

closed shell d9, is usually in tetragonal coordination, with four short equatorial bonds and 

one or two longer axial bonds. Its complexes show rich physicochemical properties as 

copper(II) ion is paramagnetic. At least, the polynuclear copper clusters with diverse 

structural blocks generally could be reachable with appropriate bridged linkers. [3, 4, 6, 7] 

In more details, the numerous of coordination structures that utilized by copper 

(I)/(II), lead to provide different coordinating ligands, which range from monodentate to 

hexadentate. [8] The coordination structure of copper(II) complexes variety from four to 

eight. The four-coordinate square planar environments is more common, then five-

coordinate trigonal bipyramidal and square pyramidal arrangements, six-coordinate 

octahedral geometries, mostly showing tetragonal distortions. [8, 9, 10] While the usually 

structure of Cu(I) complexes is linear, in which its coordination number is 2, trigonal (CN 
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=3), or tetrahedral structure (CN=4). [8, 11] Each of coordination structures of copper(I) 

complexes has different characteristics. For example, the linear Cu(I) complexes are 

formed with a strong basic highly polarized ligands, however, they are insufficiently 

soluble. Another example is that stability of complexes Cu(I)/(II) ions essentially affected 

by various factors as geometry of the copper environment, number and nature of ligand [8] 

Cu(II) (d9) complexes are being the most interest area studies; since Cu(II) metal 

had a single unpaired which could use for investigating of the nature of magnetic exchange 

interactions between the single unpaired electrons on two or more metal centers, and in 

which way this type of interaction is intermediated by the ligands that bridge the metal 

centers. [6, 12, 13] 

Copper is one of essential micronutrients for all organisms that living in oxygen-

rich environments. [14] Its uses expand in different fields and settings, including chemical 

reactions and physiological conditions because of its redox-active metal merit. [5] The 

easily changing in redox state enables the copper to coordinate a variety of ligands as 

carboxylate oxygen, imidazole nitrogen, etc. Also, redox property enables copper 

compounds to be used in medicine and clinical parts, due to its providing abundant 

pathways of biological activity. Whereas copper has a significant role in the function of 

many biological processes such as energy metabolism, mitochondrial respiration, 

antioxidation, collagen cross-linking. [5, 15, 16] 

Nowadays, scientists turned to focus in copper complexes as were found to be the 

promising antitumor therapeutic agents, according to their acting by different biological 

mechanisms. [15] To be more accurate, Cu(II) sites show and play a significantly central 

role in biological metalloproteinase. [17] Likewise, copper is an essential fundamental in 

the development and functioning of multiple enzymes and proteins like cytochrome C 

oxidase and Cu/Zn superoxide dismutase, in which are participated in the processes of 

respiration, energy metabolism, and DNA synthesis. [3, 18, 19] Therapeutic efficacy of 

copper coordination complexes are not only efficient, but also they are less cost and safer 

alternative to classical platinum-containing chemotherapy. [3, 20] Beside to that, they show 

effective treatments as antimicrobial, antituberculosis, antimalarial, antifungal, and anti-

inflammatory drugs. [21] 
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Furthermore, copper is not only considered as essential nutrient for living organism 

as animals, humans, and plant. But also, it is a vital component in regulating of the plant 

growth, including the chlorophyll formation and seed production. [22] As it involves in 

different enzyme systems that are responsible for the controlling the biochemical reactions 

in plant. Photosynthesis process is an instance that required copper to regulate the 

respiration of plant, with help the metabolism of carbohydrates and proteins. [22, 23] 

Additionally, it used to promote the plant disease. For example, Bordeaux mixture (copper 

sulfate) is commonly utilized in organic agriculture because of its low toxicity for human 

and environment. [24, 25] 

Recent advancements in copper coordination complexes have appeared that they 

play critical roles in the photophysical and photo electrochemical applications. As 

catalysts, dye-sensitized, solar energy conversion, utilization and storage, light sensitizers, 

redox mediators, electron donors and catalytic centers. The results show that copper 

complexes are feasible to apply, better performing and better alternatives to use instead of 

other commonly used transition metals such as Co, Pt, Ir and Ru. [26] 

In summary, the reasons for the copper metal and its complexes, and being special 

option to improve and synthesize process could not be counted, but there are several main 

points are mentioned. First, it is low-cost (much cheaper) than noble-metals, low toxicity, 

sustainable, more available (abundant) elements on earth. Second, copper has wide-ranging 

redox properties, with a variability of valence states (Cu+, Cu2+, and Cu3+), and so applied 

in the expansion of electrocatalysts progress as lithium-ion battery anode materials and 

photocatalysts, and redox mediators in dye-sensitized solar cell. Third, copper could be a 

central metal in the enzyme as hemocyanin. Forth, its complexes are easy to form, with 

variety of coordination structures, this merit could be useful in designing of rod-like 

molecular arrays. Beside to that, it is an effective for all energy-related applications and 

rising of their performance. [3, 11, 27, 28] 

In other perspective, researches attracted and attended to nickel complexes as they 

have appeared an important functions in different fields, such as bioinorganic and 

coordination chemistry. [29] Nickel is a crucial metal took part in multiple biological 

process. Therefore, its complexes have been interested for researchers according to their 

biological applicability, such as antiepileptic, anticonvulsant, antibacterial, antifungal, 
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antioxidant, antiaging agents, antimicrobial and anticancer/ antiproliferative activities. For 

example, nickel complexes have ability to inhibit the DNA repair process as they affect 

and interfere with the enzymes and proteins, which have critical function in mechanisms 

of DNA process as replication or repair. [29- 34] As a result, nickel has been identified as 

a component in many enzymes, and so it plays an important role in the metabolic reactions 

and becoming the key physiological functions in the organisms. [35] 

Thus, it is an essential trace element for human beings, animals, microorganisms, 

and plants. This merit prompt researchers to pay more and more attention to this class of 

complexes for improving and synthesizing metal-based drugs, which targets many 

bioactivities. [29, 30, 33] Production of chiral amino acids via nickel(II) compounds is one 

of examples that present different features as high selectivity, high yield, low price, simple 

process and facile recovery of chiral ligand. [36] Beside to that, nickel complexes have an 

important role in biosynthesis reaction. Nickel, as example, shows a huge effect in the 

biosynthesis of the hydrogenase, carbon monoxide dehydrogenase. Also, it is found in 

bacteria as nickel-tetrapyrrole coenzyme, Cofactor F430 [37] 

Furthermore, nickel heterocyclic carbene complexes are preferred category of 

precatalysts, which used in the organic transformations. They are favored to be an efficient 

for potential industrialization of these processes. That’s because nickel has different 

properties such as low cost, easy to obtain, and spread frequently in the earth, where nickel 

is one of the most abundant metallic elements. [38] For instance, nickel complexes work 

as homogeneous catalysis reduction of ketones. [39] Also, organonickel(II) complexes are 

widely used in organometallic catalysis. Beside to that, several reports display that different 

transition metals as nickel used as efficient water-oxidizing catalysts under different 

conditions. [40, 41] 

Moreover, efforts turned to choose nickel for developing efficient transition metal 

catalysts. That is because: first, its center is able to form various coordination environments 

as octahedral, square-planar and tetrahedral, which assist different steps of catalytic cycle. 

Second, Ni-complexes show an ability to catalyze C–C cross-coupling reactions. [42] The 

proceeding of catalytic cycle is going by using nickel- catalyzed reactions via its numerous 

oxidation states, which surrounds from -1 to +4. But divalent nickel (+2) is the most 
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common, and the central general analogue of nickel in biological systems. [43, 44] 

Therefore, that lead to be a valued precursors for assisting and supporting bimetallic 

catalysts. Because of combinations intimately associated with metals components, their 

stoichiometries can be accurately controlled and may also provide better control of the size. 

[45] 

Generally, researches are going to design a new sustainable and potential catalytic 

system using unexpansive and available metals. Many studies are focus in the improving 

of 3d-transition metal based catalytic transformations as nickel because of cost 

effectiveness, variable oxidation states, facile oxidative addition of organic substrates on 

the nickel center, and low Ni-C bond strength. [41] 

In addition to that, nickel is also considered as one of the most mainly used as raw 

material in manufacturing field as stainless steel and battery industry. [46] Also, it has a 

good resistance toward corrosive atmospheres, meaning that, it oxidized slowly by air at 

room temperature and so it is a corrosion-resistant. For that reason, historically, it used for 

coating chemistry equipment, painting iron and brass and industrialization certain kinds of 

alloys. Therefore, it is largely used in the electrical contact industry either as a barrier or as 

a final coating. [47, 48] At least, nickel diimine complexes have gained a large interest in 

electrocatalytic applications. [40] 

All of applications and interest caring for nickel metal is because of its multiple 

chemical characteristics. One of them is nickel belongs to 3d group transition metals. 

Second, it is one of four elements that has ferromagnetic at approximately room 

temperature. Third, it is a naturally magnetostrictive material, meaning that if nickel metal 

exposed to magnetic field, a small changing might be happened in length. [37, 48] The 

magnetic property for nickel heterocyclic complexes because of that tetrahedral complexes 

are paramagnetic, whereas the square planar complexes are diamagnetic. However, 

octahedral complexes are formed when the having properties of magnetic at equilibrium 

state. These properties is occurring attributable to metallic bonding by delocalized d 

electrons and so creating a unity in which it increases by the number of shared electrons. 

[48] 
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1.3 The importance of nitrogen heterocyclic compounds in forming complexes 

Nitrogen heterocyclic (N- heterocyclic) compounds are one kind of aromatic 

carbon cycles organic compounds, in which it composed at least one nitrogen atom 

(heteroatom) that taking the place of a ring carbon atom or a complete CH=CH group. They 

are a fundamental for recognizing of life processes and to get a better quality for humanity. 

[49-53]  

Their chemical structure is the key for the understanding of different properties 

such as physical, chemical, biological, or even technical. Besides to that, the aromaticity 

concept is the basis for justifying and realized of the structure, thus, the performance of 

heterocyclic compounds could be understood. As a result, their distinct structures are 

caused to have multi-using and so expand their significance in different fields. Adding to 

that, N- heterocyclic are the most discovered compounds due to their common spreading 

in nature; where more than 20 million chemical compounds currently registered, about one 

half contain heterocyclic systems. They are occurred naturally worth products for human 

and animal health as antibiotics, alkaloids, and cardiac glycosides. [52, 54-84] 

Otherwise, their interest does not only measured by their abundance but also they 

are highlighted because of different reasons cantered in biological, chemical and technical 

applications. [52, 73, 74, 85] First, nitrogen heterocycles have a critical role in 

biochemistry and life process due to they participated in the chemical reactions of the 

creations body. In other words, they have been essential manifestations of life, for instance, 

providing of energy, transmission of nerve impulses, metabolism, and genetic information 

transfer. They also are main components of living cells as DNA, RNA, vitamins, enzymes 

and coenzymes, ATP and serotonin. At least, aromatic N- heterocyclic are the major 

constituents for abundant plant and animal hormones. [50, 78, 81, 84, 86-91]  Secondly, the 

monitoring and remarkables of primitive life in nature contribute to reveal different healing 

ingredients. [52] Meaning that, the existing heterocycles in various natural products led to 

produce economical, efficient and active compounds that containing N-heterocyclic. [82, 

92 – 98]  

                The applications of N- heterocyclic are countless including chemical, biological, 

pharmacy, medicine, herbicides, optics, electronics, agriculture, plastics, polymers, life 
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sciences and chemical genetics. Moreover, they are employed as additives and modifiers 

in a wide range of industries including cosmetics, reprography, information storage, 

solvents and vulcanization accelerators. [49, 50, 72, 75, 81 – 86, 99-106] 

               The continuous development life leads to take new applications of heterocycles, 

for example dyes, copolymers, photo-graphic fluorescent sensor, bleaching agents, and 

analytical reagents, and in the rubber industry antioxidants. Other products of technical 

importance as corrosion inhibitors, sensitizers, stabilizers include heterocycles in their 

structure. Furthermore, they performance as organic conductors, semiconductors, 

molecular wires, photo-voltaic cells, organic light-emitting diodes (OLEDs), light 

harvesting systems, optical data carriers, chemically controllable switches, and liquid 

crystalline compounds. In brief, N- heterocyclic is functionalized in any developed human 

society. In short, heterocycles offer a core source of novel aromatic compounds. Therefore, 

natural models are followed to invent and synthesize better developers like insecticides, 

pesticides, weed killers, rodenticides, and pharmaceuticals. [52, 73-75, 77, 79, 80, 82-84, 

89, 91, 93-96, 98-101, 106, 107] 

 N-heterocyclic does not only display uses in agrochemicals, pharmaceutical 

applications and biological properties but also they have been on the forefront of attention 

in modern drug discovery and in the search of therapeutic agents, including synthesis, 

design, discovery and manufacturing of new drugs, in which heterocycles comprising 

around 60% are covered as a drug substances. Whereas their structure is a part of the 

pharmacophore itself and/or scaffolds for the correct spatial positioning of pharmacophore 

moieties. [50, 54 – 71, 75, 80-82, 84, 85, 87, 89, 105, 107, 123- 127] 

Also, small heterocyclic molecules are considered ‘‘privileged’’ structures for the 

development of novel drugs. Meaning that, many pharmacological manufactures mimic 

the biological activity of natural products, in which it contains numerous heterocycles. The 

most advances views in fighting diseases, many chemically diverse heterocycles were 

synthesized, which afforded structural members with more desirable biological and 

physical properties, where nitrogen heterocyclic act as intermediate during synthesis of 

many biologically important compounds. [75, 83, 84, 100, 101, 116, 118, 119, 121, 128] 
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N- heterocyclic compounds represent the essential core of many biologically active 

natural products agents such as antifungal, anti-viral, anti-inflammatory, anti-bacterial, 

anti-tumoral, antimalarial activity and anti-oxidant activities agents, anti-asthmatic, 

antihypertensive, bronchodilatory, CCK antagonist, and lipoxygenase inhibition and in the 

treatment of infectious diseases. That diverse activities can be referred to the stability and 

operational efficiency of N- heterocyclic in human body, and to their ability to interact with 

DNA through hydrogen bonding. At the consequence, the enormous potential of 

heterocycles in the synthesis and design of new drugs. That continue to hold a central 

position in organic chemistry or becoming a biggest of the classical branches of organic 

chemistry. Especially, in the research areas of synthetic field because of their useful 

properties. The reason for that is the incorporation of a hetero atom in to a cyclic compound 

imparts new properties. Heterocycles are chemically more flexible and better able to cater 

the needs of biochemical systems. [49, 54-78, 81-85, 87, 89, 91, 93-96, 99-101, 103, 105-

116, 127-131] 

On one hand, their encountered structures and their biological and pharmaceutical 

relevance are led to develop new economical, efficient, selective synthetic strategies and 

synthetic transformations to access and testing new structures. A lot of them which are 

often heteroaromatic derivatives. Over and above that, nitrogen heterocyclic are ongoing 

to invent new uses across the chemical sciences used as an excellent role in metal-based 

catalytic reactions, organo catalytic carbene catalysis, where their strong binding with 

metal allow to enhance the stabilization of metallic colloids or surfaces. At least, they used 

as protecting groups, chiral auxiliaries, and they have been a worthy attention in improving 

of effective new methods to synthesize heterocycles. [51, 54, 62, 63, 75, 77, 102,117, 123, 

133-136] 

 The spreading applying of N- heterocyclic in different areas return to their unique 

interesting steric and electronic properties. N- heterocyclic as electron rich nitrogen 

heterocycles- is not only able to accept or donate a proton, but also they can simply make 

diverse weak interactions. They have different interactions that enhanced their role in vast 

fields as hydrogen bonding formation, dipole-dipole interactions, hydrophobic effects, van 

der Waals forces and π-stacking interactions. [89, 135] 
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 In recent years, studied metal complex formation of 2,2'-bipyrazine as well as of 

selected other heterocyclic ligands such as 2-(aminomethyl)pyridine, 2,2'-dipyridylamine, 

with particular caring to synthesize unique metal-ligand compounds. [2, 137] Among 

nitrogen heterocycles, bipyrazine have been attracted special attention not because its 

importance as ligand in coordination chemistry but also as its existent in different 

applications as many bacterial studies, food, agriculture and medicine. [138] 

1.4 2,2'-bipyrazine ligand  

2,2'-bipyrazine (bpz) is one of most important multimodal N-heterocyclic ligand, 

as a resulting of forming discrete and polymeric metal complexes [137]. It has a typical 

property, in which it provided a large number of different metal-binding patterns. That is 

because of the availability of four ring N donor atoms and so it undergoes to the chelation 

mode. [139] N atoms (1,1′and/or 4,4′) are involved in the coordination, and so different 

combinations of coordinate vectors are possible. According to scheme1.1 the mode (i) via 

N1 and N1’ established a chelation mode, while mode (ii) or (iii) leads to create a molecular 

triangle based on geometry of M′, either a hexanuclear, cup-shaped species forms (M′ 

having a cis geometry), or a flat triangle (M′ having a trans geometry). [140] 

 
 

Adapting multi-modal bridging ligands as building units has gained attention in 

crystal engineering since they are capable of binding several metal centers in expected way 

to compose ‘‘preprogrammed’’ structural information and functionality. 2,2'-bipyrazine 

(bpz) is of specific attention among the adapting multi-modal bridging ligands not only due 

to its diversified binding capabilities but also to its structural flexibility about the central 
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C2 ̶ C2' bond (scheme 1.2), and so that facilitate the rotation around the C2 ̶ C2' bond to 

control network formation, and to give cis or trans isomers. [139, 141 – 144]  

 

                

 

According to that, various of molecular architectures are generated as a result of 

two different conformations of 2,2'-bipyrazine, which the two pyrazine halves oriented 

cisoid (C2v symmetry) or transoid (C2h symmetry), and the variable use of its four N-donor 

atoms (scheme 1.3). [137] 
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At least, 2,2'-bipyrazine not just only provide two independent types of binding 

sites as the chelating bidentate site, and the two monodentate N-donor sites, but also two 

possible modes for bridging metal centers. These two bridging modes provide possible 

mechanism for generating two independent helices when reacted with a suitable metal 

center and thus, potentially, an asymmetric network.  [1] 

The 2,2'-bipyrazine (bpz) in comparison with 2,2'-bipyridine (bpy), has lower lying 

π*-acceptor orbitals and higher orbital coefficients at the coordinating nitrogen centers. 

These properties lead to form the MLCT (metal-to-ligand charge transfer transition) and 

so guaranteed of strong metal/ligand interaction. [145 -147] The bipyrazine category is 

more powerful oxidizing agent in the excited state than the bipyridine category [148]. In 

comparison, the MLCT band of M-bpz (metal-2,2'-bipyrazine) complex is slightly higher 

in energy, and the lifetime of the emissive state is slightly longer than that of M-bpy (metal-

2,2'-bipyridine) complex. [138(i)] Another difference, the M-bpz potentials are shifted 

more positive relative to that of M-bpy. [138(j)] 
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2,2'-bipyrazine considered as higher π-electron acceptor compared with other 

polypyridyl ligands. This merit could be benefit in different uses, where polypyridyl 

ligands with high π-electron acceptor properties employed in the synthesis of complexes 

as photosensitizers. [149] Much attention has been put to examination of polypyridyl 

complexes with respect to their characteristics, including photophysical, photochemical 

and redox properties [150(a-b)], with potential caring for many implementations such as 

energy conversion, [150(c-f)] water splitting, [150(g-h)] molecular machines [150(i-j)] or 

for biomedical applications. [150(k-m)]  

2,2'-bipyrazine ligands possess non-chelating nitrogen atoms in their structure; the 

presence of these additional nitrogens enhancement of the π–deficiency of the ligand, has 

a great impact on the photophysics and photochemistry of the associated complexes. These 

additional nitrogen atoms can also be involved in H-bonding (hydrogen bonding) 

interactions, increasing the sensitivity of the complex to solvents. [150(a, n- o)] 

Regarding to that, 2,2'-bipyrazine is not only reactive towards nucleophiles, but 

also has greater non-aromatic character comparing with other heterocycles as pyrimidines, 

bipyridine and phenanthroline based on chemical and experimental electron density 

analysis.[151] However, there are reports resulted in that there are factors lead to make the 

properties of 2,2'-bipyrazine (bpz) are similar to 2,2'-bipyrimidine (bpym) (scheme 1.4) 

such as their aromatic character, electroneutrality, planarity and presence of four nitrogen 

donors. On other hand, the relative arrangement of their nitrogens support creating of 

varied coordination modes. [24] 

Also, the binding of bpz with different metals as Ag(I), Co(II), Ru(II), Pt(II), Pd(II) 

and Cu(II) show different coordination modes in comparing with bpym. For example, 

iron(II) compound, [Fe(bpz)3](ClO4)2.H2O, was synthesized based on the studying and 

simulation the bpym complexes. The structural and magnetic characterization of 

[Fe(bpz)3](ClO4)2.H2O compound displays the strong ligand field character of the bpz 

ligand toward iron(II) in line with what it was known for the related bpym ligand. In a near 

future, further efforts will be put to produce different homo and hetero-metallic bpz-

containing metal compounds according to work that associated to bpym ligand. 

Ruthenium(II) complex [RuII(bpz)3]
2+ was first reported in 1980 [24], its apparently 

favorable photoredox properties when compared with [RuII(bpy)3]
2+ indicating substantial 
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promise. The scheme 1.4 below clarified the structure of 2,2'-bipyrimidine ligand (a) and 

2,2'-bipyrazine ligand (b). [138(h), 152]  

       

The choosing of  2,2'-bipyrazine (bpz) ligand with metal complexes to utilize in 

different systems returns to its appropriate photophysical properties as long excited-state 

lifetimes and high luminescent efficiencies. In comparison between Ru-bpz complex with 

other Ru complexes as Ru-bpy complex is slightly higher in energy and the lifetime of the 

emissive state is slightly longer in water. [138(a), 153] 

In addition, bpz could bind ruthenium to form complexes in which that contribute 

to improve or modify their properties. For instance, studies proved that Ru(bpz)3PF6 

complex is considered as a powerful photooxidant in which used for photo-redox 

transformations that produced because of oxidation process. [154(a-b), 155(a)] 

Also, Ru complexes that has at least two π-deficient ligands as 2,2'-bipyrazine has 

oxidized or triggered with DNA through irradiation. [156, 157] In more details, the existing 

of 2,2'-bipyrazine, which is considered as an electron-deficient ligand, enables Ru 

complexes to photodamage DNA via direct electron abstraction [158] The result of study 

[Ru(bpz)3]
2+ complex, which Ru metal binds with tris 2,2'-bipyrazine ligand, showed that 

it is the most effective photo-oxidant.[159] The using of Cu/Zn SOD improved the 

photoreactivity of Ru(bpz)3 toward DNA and that contributes to increase the DNA damage. 

The development of photo adduct formation probably returns to electron transfer from the 

enzyme to the excited Ru(bpz)3, referring to that an original electron removes from a 

metallo-protein to a poly-azaaromatic ruthenium complex. [160] 

Likewise, 2,2'-bipyrazine’s behavior in reactions is explained in terms allylic 

substitution and rearrangement mechanisms, and so varies of  derivatives of bpz 

substituents are formed. That permitted to expand the description and a comparison of the 
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coordination power of the inner and outer nitrogen atoms of the bipyrazine with other 

ligands. These future details help in studying and predicting the metal complexation 

capacity of a given nitrogen atom. [151] 

Although different studies took up searching for heterocycles units to building 

metal coordination complexes. Nevertheless 2,2'-bipyrazine subunit firstly has ability to 

bind different metal ions, secondly, its physical properties (i.e. λmax: 296 nm and a molar 

absorbance up to 14000 M-l.cm -1) indicated to many possibilities to design new ligands for 

strongly luminescent lanthanides complexes. As well as to that, bipyrazine (bpz) contains 

both inner nitrogen coordination centers and external pH dependent electroactive centers 

that will be of interest for the development of both photoactive and electroactive 

assemblies. [151] 

2,2'-bipyrazine could improve the properties of its derivatives. For example, the 

light emitting properties of the 6,6'-dichloro-2,2'-bipyraizne compound is obtained and 

studied in terms of absorption and emission spectra. Scientists found that bipyrazine 

functionalize on increasing the spectroscopic data as it is an electron-with-drawing central 

core. [161] On one hand, researches lead to that formation of double-stranded or more 

complex organometallic helical complexes depends on the nature of the metal and ligands. 

CuI complexing is one of concerns that scientists focused on to understand the mysterious 

traits with respect saturated heterotopic ligands, in which it can separate into one didentate 

‘‘bipyridine’’ segment and one didentate ‘‘bi-pyrazine’’ segment upon complexation to 

metal ions. This means that only the same number of four inner nitrogen atoms could be 

engaged in the coordination with CuI to form a helicate, which is a coordination complex 

and not a chelate. [162] 

Pyrazine derivatives used in collector−generator (C−G) technique that used to offer a basis 

in order to classify restrictions in homogeneous water oxidation catalysis, arising from 

coordinative deactivation with adding organic buffer bases plus competitive oxidation of 

the added base. [163] 

There are some reports showed a new way to synthesize the coordination 

compounds with oligomeric or infinite metal chains by using aromatic ligands as bpz. The 

result of synthesis of [HgX2(bpyz)]n(3-Cl,X)Cl;3-Br,X)Br; (bpyz) 2,2'-bipyrazine), 
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clarified that Hg2X2 bridges is ubiquitous in the structural chemistry of mercury halides, 

the halide alone is not sufficient to induce linearity. However, the formation of linear Hg 

chains are influenced by assistance of π-π interactions between coordinated ligands and 

halide bridges. [164] 

The divalent metal complexes with aromatic ligands such as 2,2'-bipyrazine are 

likely to be incorporated into the 2D cavities of host molecule for the balance of the charge 

and interactions with aromatic rings, the unusual incorporation of the metal–2,2'-bpz 

complexes into the cavities of the host construct coordination polymers. [165] 

 

1.5 2,2'-dipyridylamine ligand 

2,2'-dipyridylamine (dpa) [(C5H4N)2-NH] is one of the most interesting ligand that 

have two heteroaromatic pyridine donors [166 -168] because of its behave as a versatile 

ligand ranging from monodentate, chelating bi-dentate to bridging tri-dentate. [167, 169] 

Where, the two ring-nitrogen atoms act as electron-pair donors in most complexes, and in 

other complexes bridging amino nitrogen has donor properties. Dpa and its anion has 

different configurations in its coordination; anti-anti (where anti refers to the relation of the 

pyridyl nitrogens to the amine hydrogen), syn-syn, the free dpa ligand has a dimeric 

structure in which two dpa molecules are linked by N-H…N hydrogen bonds, each dpa 

group exhibiting the various configuration in which that clarified in figure 1.1 (a) and (b) 

[169 – 172]  
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On one hand, dpa ligand has distinct merits. For example, hydrophobic interaction, 

or the aromatic ring stacking between the hetero atomic rings of dpa and the substituent 

group, as the amino acids, peptides and the DNA units. [166] Also, the pyridyl groups can 

rotate about the C(py)-N(amine) bond, which builds a certain degree of flexibility into the 

ligand system. That make it less rigid bidentate in terms of optical magnetic memory 

[173(a-b)] 

In addition, dpa is considered an important chelate because of its ability to form 

hydrogen-bonded networks through the amine function group, [174, 167(a)] and to 

luminescence [173(c)] through π -π* transitions.  [174] In other words, it have been shown 

as potential emitting compounds for electroluminescent (EL) devices.  [173(b)] 
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Dpa and its derivatives play a vital role as high-performance group including 

molecular flexibility, and as strong chelating ability for transition metal ions. Therefore, 

their coordination chemistry received a great attention to be used for synthesis of new 

compounds in metal complexes. For example, Pd(II) and Pt(II) complexes of such dpa 

derivatives have been  researched as potential  anticancer agents because their structure is 

similar to cisplatin ions. While, the dpa with other metals as Ag(I), Zn(II), Cd(II) and Hg(II) 

have been  researched as potential  luminescent and molecular recognition materials, in 

which their potential applications in  optoelectronic devices, fluorescent sensors and probe. 

[168, 173(d-e)] 

However, dpa worked as a chelating ligand mostly formed mono- or dinuclear ZnII 

complexes, in which that support using them as building blocks in the construction of 

crystal structures represent in one-, two-, or three- dimensional structures through both 

intermolecular hydrogen bonds and π–π interactions. [175, 173(f)] 

Whereas, the dpa with metals as Mn(II),Cu(II), Co(II), Ni(II), Cr(II) and Ru(II) 

works as potential molecular wires and magnetic materials. [173(e), 168] Dpa, its 

derivatives, and their metal complexes also used in blue emitters in electroluminescent 

devices and used as function as chemical sensors for specific organic molecules, and as 

building blocks for nano engineering. [176, 176(a)] 

In addition, dpa is preferred to use as ligand in comparison with 2,2'-bipyridine, 

because the bridging nitrogen atoms in dpa is attainable to control the electronic, and steric 

characteristics of dpa-based ligands. Also, nitrogen atom is as a critical point for associate 

catalysts or for the design of task specific ligands. Beside to that, the presence of a bridging 

N–H group may display an important part in substrate orientation/activation, and product 

release through H-bonding.  [177] 

1.6 2-(Aminomethyl)pyridine ligand 

Pyridine based ligands have a significant role in the area of metal-complexes 

catalyzed asymmetric transformations, or to make a new generation of catalysts with high 

performances. Due to their ability to form complexes with various metals in different 
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oxidation states. Therefore, that contributes to obtain new active compounds in good yields 

and with high stereoselectivity. [178, 179]  

2-(aminomethyl)pyridine or 2-picolylamine (ampy) ligand, is one of the most 

pyridine ligands common. It is commercially available, an unsymmetrical N,N’-bidentate, 

weakly basic chelating ligand; containing both aromatic pyridine (pyridyl group) and 

aliphatic amine donor function (flexible alkylamine side chain), as what shown in scheme 

1.5. The ampy can behave as monodentate ligands, in which its nitrogen of the ring 

coordinate toward the metal ions. It can act also as a bridging ligand, and the high incidence 

of pharmacological activity among heteroaromatic amines. These characteristics 

encourage researchers to use it in diverse studies. Thus, different results clarified its 

successful coordination chemistry with different metals, one of them is the complexation 

of mercury to this ligand. [180 – 185] 

 

The stable metal complexes are formed by Lewis acid/base interactions. [181] In 

addition, one of ruthenium(II) studies with ampy in combination with various phosphines 

show that ampy plays as a particularly high ligand acceleration effect in the transfer 

hydrogenation catalyzed by ruthenium(II) complexes. [182] Also, ampy is an asymmetrical 

ligand which usually coordinates as chelating bidentate, forming five member rings. 

[185(c), 186] 

On one hand, ampy has different uses. One of them is used in trying to improve the 

silica gel plate; owing to its ability to attach onto a silica gel surface and so an easily 

adsorbing metal ions from water. [187] Second, it is used in the chemically modified 

cellulose, in which it deals as pendant function chain, in which a covalently bound to the 

polymeric framework. That adding support material to apply in the cations removal from 

aqueous solution in a heterogeneous system. [188] At least, ampy introduce a vital 

electronic tuning property. [189] 
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At the consequence, ampy and its derivatives are usually utilized in several ways. 

First, it is used as synthetic intermediates to obtain novel compound in chemical synthesis. 

Second, it is applied as ligands in coordination chemistry; due to existing of flexible 

alkylamine side chain and so that support its ability to interact with a number of metals 

ions. For instance, the [Cu(di-(2-picolyl)amine)(NO3)2] complex, has distorted square-

pyramidal geometry, where Cu(II) center around by three nitrogen atoms of di-(2-

picolyl)amine ligand with nitrate anions via their two oxygen atoms. [190] 

Third is that they have various applications in different fields, such as the 

chromatographic separation of the metallic ions, antibacterial, antifungal magnetism 

properties. 2-(aminomethyl pyridine)SbI5, for example, is an ideal material for a lead-free 

organic–inorganic hybrid photocatalyst, as its showing a ferroelectric property. [183, 191, 

192] Also, chelating resins with functional groups of 2-aminomethylpyridine was applied 

to remove copper from simulated nickel electrolyte. [193, 194] 

Addition to that, one of experimental observations showed that bis(2-picolyl)amine 

Cu(Cl)2 complex active as anticancer, in which it has an ability to cleave the genomic DNA 

and so it is easily solubilized in water. These properties make complex promising as 

anticancer drug. [195] Also, studies notice that the combination of the 2-picolylamine and 

1,1-cyclobutanedicarboxylate chelate ligands on the square-planar Pd(II)center displays 

unique properties for the evolution of antitumor drugs. [189]  

1.7 pyrazine-2-carboxylate ligand 

The studies on ligands that containing heterocyclic carboxylic acids derived from 

pyrazine, and their complexation exposes an interesting trend. Due to their varied 

properties, including bonding, electrochemical, spectroscopic, thermal, magnetic behavior, 

catalytic and photocatalytic activities. [196, 197] 

Pyrazine-2-carboxylic acid (pcaH) and its anion pyrazine-2-carboxylate or 2-

pyrazinecarboxylate (pca) is one of pyrazine derivatives (scheme 1.6). It combines two rich 

donor groups in the form of ring two nitrogen atoms and the two carboxylic oxygen atoms. 

[198, 199] The integration of both functions support the abilities of different complexes 

and polymers, thus, high-dimensional heterometallic frameworks are made. [198, 201(a-

b)] For example, creating of monomeric components, forming of heteromeric complexes 
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like bi-metallic, multi-valent organic–inorganic hybrid substances with diverse divalent 

ions and 3d transition metal atoms. [198 – 202] 

 

In addition, pca does not only act as monodentate ligand through a carboxylate 

oxygen, but also it is considered as one of multidentate N-/O-donor [203] used as linking 

in building coordination polymers. Meaning that, pca has ability to link metal ions into 

polymeric compounds. [199, 201(c), 204, 205] and so different supramolecular 

architectures formed with different magnetic properties. [199, 205, 206] That’s because of 

its dual functionality can react as donor atoms, potent to participate in strong coordinative 

bonds, oriented in versatile directions. Beside to the oxygen and the nitrogen atoms role in 

hydrogen-bonding acceptors. [198, 201(a, d), 207] In short, pca is able to react as potential 

bridging or chelating ligand producing extended metal-organic networks. [197, 198, 208, 

209] 

On one hand, pca has proved to be a multi-using ligand. [205] The variety usages 

of pca is returned to the arrangement of nitrogen and oxygen atoms enables the ligand to 

occupy in different binding modes, which is clarified in figure 1.2 [198, 201(c), 210] In 

phase (I), the reason for utilizing of pca as bidentate chelating is that the oxygen atom of 

carboxylate group and neighboring pyrazine nitrogen coordinate to metal ion. [199, 205, 

210] 

However, phase (II) clarified that pca can be act as a tridentate bridging ligand 

through bidentate/N-monodentate bridge, where metal ion (M') links with the other 

nitrogen of pyrazine ring, whereas phase (III) exhibited another coordination mode which 

is that pca acted as bidentate/O-monodentate bridge, the metal ion joins with the second 

oxygen of the carboxylate group, in phase (IV) pca employed as tetradentate ligand through 

bidentate/O,N-monodentate bridge. At least, in phase (V) pca plays as N-monodentate 
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terminal pcaH ligand, where the metal ion binds with the other nitrogen atom of pyrazine 

without needing to deprotonate the carboxylic group. [210, 211] 

 

Figure 1.2     pca ligand has various coordination modes. (I) bidentate terminal. (II) bidentate/N-

monodentate bridge. (III) bidentate/O-monodentate bridge. (IV) bidentate/O,N-monodentate 

bridge. (V) N-monodentate terminal pcaH ligand. [210-211] 

 

On other perspective, not only pyrazine-2-carboxylate offered diverse coordination 

nodes, but also its substituted derivatives have proven multipurpose for synthesis of new 

framework structures. Due to their ability to involve many coordination modes. Meaning 

that, the ability of pca substituted derivatives resulted in construction a stable metal-

containing building blocks, in which that facilitate the coordinating with other metal 

centers. Therefore, many mixed metal coordination polymers are developed, whose 

bridging roles are summarized in figure 1.3 [198]  
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Pyrazine-2-carboxylate and its derivatives show biological characteristics through 

antimicrobial and antifungal. [197, 212] Consequently, many searches used it as a ligand; 

in trying to mimic the coordination environment of the metal site, like Mn in manganese 

enzymes owing to its biological significance. [211] In addition to that, pca also have ability 

to build many of mixed-metal framework structures, because of their facility to bind in 

different coordination modes. [213] As a result, these complexes are useful in different 

applications as functional, magnetic materials and gas storage; because of their diversity 

physical properties, for instance, catalytic activity, microporosity, electrical conductivity, 

non-linear optical activity. [214(a-b), 215, 216] 

Copper(II) complexes is an example of multi compounds that show different 

coordination modes, when pyrazine-2-carboxylate used as ligand, since molecular chains 

consisting of Cu(II) coordinated by two ligand molecules via their N, O bonding moiety. 

[217] Furthermore, other studies predicted to favor a stable five-member ring with Cu(II) 

ions to create diverse coordination environments for the two metal ions connected through 

the bridge.  [201(c)] 
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1.8 The role of mixed ligands in producing of new complexes 

Mixed ligand complexes are defined as that their metal ion is linked with at least 

two different types of ligands. Their ability of linking with many ligands lead to increases 

chances of variation in properties expected for the complex. The preparation and 

characterization of mixed ligand complexes is earning importance day by day. The 

increased interest in area of this research has prompted many researchers to get engaged in 

this field. In recent years many publications are dedicated to synthesis and characterization 

of mixed ligand complexes. [218(a-b), 219] Mixed ligands have a vital role in many 

chemical and biological systems as water softening, ion exchange resin. Numerous of these 

metal complexes displayed good biological activity against pathogenic microorganisms.  

[219] 

In addition to that, the importance of mixed ligand complexes have different 

perspectives. They are considered as the most general form of the presence of the elements 

in a solution. And studies of formation them facilitate the evaluation the characteristics of 

intermediate and final forms of the complexes, thus, understanding the mechanism and 

kinetics of reactions. Also, there are certain property of elements are more notable in mixed 

ligand complexes, as well as physical phenomena accompanying the process of their 

formation. That expand the improvement of methods for determination, separation and 

concentration of element. [220] 

The structural diversity of mixed ligands does not only limit in having a significant 

role in coordination chemistry, but also that lead to expand their application [221]. They 

are known to be attention in multi-areas as biological, clinical, analytical, magneto 

chemistry, photochemistry, electronic spectra, industrial, and flexidentate behavior of 

polydentate ligands, spectrochemical equilibrium. Adding to that, they have critical roles 

in catalysis and organic synthesis. [218(a, c), 222] For example, nickel(II) is one of metallic 

ions that most widely studied for the synthesis of mixed ligand complexes. Because it 

formed low molecular weight complexes that are proved to be more efficient against many 

diseases. [218(c)] 

In more details, there are different examples that appear the important role of mixed 

ligands in numerous chemical and biological systems electroplating, dying, antioxidant, 
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[219, 223] photosynthesis in plants, removal of undesirable and harmful metals from living 

organisms. [223] Also, they displayed good biological activity [224] against pathogenic 

microorganisms, [219] antimicrobial, antiviral, anticonvulsant, anticancer, anti- 

mycobacterial, antimalarial, herbicidal and anti-inflammatory. [218(a), 225] The 

antibacterial and anti-fungal properties of a many of copper(II) complexes have been 

estimated against a number of pathogenic bacteria and fungi. [225] 

Mixed ligand complexes used as therapeutic or tumor preserving agent in different 

medical and cosmetic field. [226] Their biological activates based on two factors: type of 

metal ion and nature of ligand. [227] Mixed-ligand copper(II) complexes, for example, 

have been found as excellent anticancer agents because of their effective DNA 

binding/cleaving ability and has a significance cytotoxic toward cancer cells. [228, 229] 

Also, they show antimicrobial activities against bacteria, yeast, and fungi. [230] For 

example, although Cu(II) mixed-ligand that contain 2,2-bipyridine and other bidentate 

ligand used as antineoplastic agents, [231] they acted as bactericidal agent and 

bacteriostatic toward many gram positive bacteria . [231(b)] 

Sometimes metal complexes of ligands that have biologically important more 

effective than free ligands. Mixed ligand complexes show a significant role in biological 

chemistry, for this reason that the mixed chelation occurs generally in biological fluids as 

many of potential ligands are probable to compete for metal ions in vivo. These formed 

specific structures and have been involved in the storage and carry of active substances 

through membranes. [218(d), 223, 232] On other view, in many cases in which enzymes 

are known to be activated by metal ions. [223, 233, 234(a-c), 235] 

For example, glycine amino acid presents in vary mixed-metal ligand compounds, 

where its role is to act like bidentate ligand coordinating with octahedral geometry for 

metal chelates, amino acids have special significance, and they considered as cornerstones 

of living organisms.  [233, 234(b)] 

At least, in many cases, the metal complexes of drugs are more active than the 

parent compound and they used in fighting microbial infections, antibacterial, anticancer, 

antifungal, and antimalarial activities.  [218(a), 234(a)] Mixed ligand compounds seem that 
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have related in biological fluids, form particular structures and appear themselves as 

enzyme-metal ion-substrate complexes. [236] 

In this work we synthesized simple compounds as started materials to construction 

of larger aggregates complexes. In addition, we report the synthesis, properties and crystal 

structures of mononuclear copper(II) complexes in order to better understand some aspects 

of different molecular topologies, and we report the synthesis, properties and crystal 

structure of mononuclear nickel(II) complex.  

1.9 Literature review 

The synthesis of the coordination compounds focused on specific metals as 

platinum, palladium and rhenium with common ligands like 2,2'-bipyridine and 2,2'-

bipyrimidine. However, few searches turn to examine the synthesis of metal complexes 

with 2,2'-bipyrazine ligand. As a results, the attentions today start to study the synthesis of 

complex using 2,2'-bipyrazine ligand with various metals as nickel(II) and copper(II) due 

to their important properties that utilizing in different applications as biological studies, 

solar energy and transition metals catalysts, etc.  

 

1.9.1 Synthesis of 2,2'-bipyrazine ligand 

The synthesis of 2,2'-bipyrazine (bpz) started in 1967 by J. J. Lafferty andF. H. Cas, 

where their way was using pyrolysis of the copper(II) salt of pyrazine-2-carboxylic acid. 

Pyrolysis of the salt proceed at atmospheric pressure in short-way resulting in 7% of bpz 

crystallizing from hexane. [237] On other way, R. J. Crutchley and A. B. P. Lever in 1982 

reported that their method in the preparation of bpz is simplified; due to generating an 

improvement yield without decreasing the purity of the product. Their method began with 

Bis(2-pyrazinecarboxylato)copper(II) in Pyrex boat was placed into a Pyrex tube, in which 

it exposed to heat under nitrogen atmosphere with a Meker burner leading to pyrolysis of 

the copper  complex. The chloroform is used to wash the produced bipyrazine, and then it 

underwent to recrystallize using toluene resulting in 21% of bpz. [238] 

By the time, R. Dhital et al, in 2013 were their protocol led to produce about 94%      

of bpz, where 2-chloropyrazine used as starting material catalyzed by poly(N-
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vinylpyrrolidone)(PVP)-stabilized bimetallic Au–Pd alloy nanoclusters (NCs) under 

ambient conditions (scheme 1.7). [239]    

 

 

Later on, D. Schultz et al, in 2015 mentioned that there are diverse methods for the 

synthesis of bpz. The most general one is that comprised transition metal-catalyzed 

reductive homocouplings of halopyrazine electrophile. Plé reported that 40% yield of bpz 

is get due to using Pd-catalyzed procedure (scheme 1.8). [138(d)] 

 

 

On one hand, D. Schultz et al, also reported that the exposing of 2-iodopyrazine to 

optimized conditions lead to produce about 81% yield of bpz (scheme 1.9). [138(d)]  

 

            



27 
 

Consequently, D. Schultz et al, summarized their methodologies in producing bpz 

utilizing 2-halopyrazines as a substrate. Poor yields of bpz resulted according to use 

organic or inorganic bases (table 1.1, entries 1 and 2). Then, it replaced with more reactive 

aryl iodides beside to applying several solvents in Pd-catalyzed cross coupling reactions. 

As a result, DMF solvent offered the highest yields of bpz (table 1.1, entries 3 – 5). [138(d)] 

 

 

 

On one hand, M. Graaf et al, in 2015 reviewed that the protocol of Lafferty and 

coworkers in producing bpz needs an elevated temperature and using Cu-based aryl – aryl 

coupling reaction to generate 7% yield of bpz ligand (scheme 1.10). [138(g)] M. Graaf et 

al, also reported that Lipshutz and coworkers strategy to produce bpz is using a mixed 

copper catalyst system, which made from an aryl lithium. It formed by altering metal 

halogen with the corresponding aryl halide. However, this strategy failed to prove its 

feasibility to manufacture bpz from pyrazine halide. [138(g)] 
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In addition, Graaf et al, pointed to that raising up the percent yield of bpz to 76% is 

succeed due to using cuprate, stronger oxidant and accelerating the period of 

sonication/oxidation step to 60 minutes (scheme 1.11). [138(g)] 

         

  M. Graaf et al, in 2015 reported about Yoon and coworkers that their protocol leads to 

produce 42% of bpz (scheme 1.12). [138(g)] 

      

 

Afterward, Kom Reddyet al, in 2019 also noted that bpz firstly was produced by 

Lafferty and Case, applying a copper catalyzed solid-state method. As well as its limitation 

is that needs high temperatures (270°C) and low yields of bpz resulted (7%). Kom Reddyet 

al, also reported that Yoon and co-workers showed the producing of bpz ligand is done by 

palladium catalysis using conventional methods. [138(a)] 
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1.9.2 Copper complexes 

W. Qing et al, in 2003were prepared Cu(AMP)2(NO3)2, using copper nitrate 

(Cu(NO3)2) with 2-amino-4,6-dimethoxypyrimidine (AMP) in the mole ratio of 1:2 via 

reflux in alcohol. The characterization of its structure were investigated by IR, XPS, and 

1H NMR. The analysis explained that the ligand in the complex is bidentate, according to 

both nitrogens of amino group and of pyrimidine are coordinated toward Cu(II) metal. 

[240] 

Meanwhile, J. Carranza et al, in 2004 were made copper(II) complex of formula 

[Cu2(dpp)2(H2O)2(NO3)2(ox)].4H2O, where dpp = 2,3-bis(2-pyridyl)pyrazine; ox = 

oxalate, and X-ray diffraction was used to determine the structure of complex. The results 

appeared the significance of structural knowledge is for understanding the magnetic 

properties. The compound is constructed from of symmetrical oxalato-bridged copper(II) 

dinuclear complex and water of hydration. Ox and dpp implemented as bis-bidentate and 

bidentate ligands, respectively. The geometry of complex is elongated octahedral, where 

nitrogen atom of heterocyclic and oxygen of oxalate occupied the equatorial positions. 

Whilst, the water molecule located in one axial position and the oxygen of nitrate complete 

the coordination sphere. Antiferromagnetic interactions between the copper(II) atoms were 

detected between the copper(II) atoms bridgingoxalato, in compatible with the σ in-plane 

as what shown in figure 1.4 [241]         

 

Figure 1.4      View of the complex unit [Cu2(dpp)2(H2O)2((NO3)2(ox)].4H2O with the    

             atomic numbering.[241] 
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Moreover, J. Carranza and coworkers were also synthesized another copper 

complex in which its formula is [Cu(bpz)(ox)]n, where bpz = 2,2'-biprazine and ox = 

oxalate. The structure of the complex was detected by X-ray diffraction. The building 

blocks of the complex are neutral units. The copper atoms have elongated octahedral 

geometry. Oxalate and 2,2'-biprazine both are bidentate ligands and surround the copper(II) 

atom, where the two nitrogen atoms of heterocyclic and two oxalate-oxygen atoms locate 

in the equatorial positions. Nevertheless, the creation of a series with double out-of-plane 

oxalato bridges as a result of the existing of two weak axial connections oxygen of oxalate. 

The magnetic susceptibility measurements identifies that there is weak antiferromagnetic 

interactions between the copper(II) atoms in agreement with the out-of-plane exchange 

pathways involved, figure 1.5 [241] 

 
Figure 1.5         View the section of the chain in [Cu(bpz)(ox)]n with the atomic     

numbering.[241] 
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By the time, H. Wang et al, in 2006 were synthesized Cu(II) complex which is 

formulated [Cu(dpa)2(dca)2] where dpa = 2,2'-dipyridylamine and dca = sodium 

dicyanamide. X-ray crystallographic analyses showed that Cu(II) atom is an octahedral 

(CuN6) environment, where six nitrogen atoms (from two dpa and two dca) are coordinated 

toward it. The equatorial plane are occupied by two dpa the end-cap N atom of the two dca, 

respectively (N3, N3A, N4, N4A), while the axial plane are provided by two nitrogen 

atoms (N1, N1A) from two dpa, see the figure 1.6 [242] 

 

 

The year later, P. Subramanian et al, in 2007 were prepared a ternary Cu(II) 

complex, which its formula is [Cu(D,L-phe)(bpy)].(ClO4) (bpy = 2,2'-bipyridine, phen 

=1,10-phenanthroline). The X-ray structural analysis assumed the helical structure for the 

complex. The outcome of the analysis showed that Cu(II)ions has a distorted square-

pyramidal geometry. It formed from the pyridyl nitrogen atoms of the heterocyclic 

diamines and the NH2 and CO2 molecules of the amino acids (D-,L-phe). The fifth axial 

ligand consists of a carboxylate oxygen atom. On other side, the two helical of the complex 

which is resulting from the L- and D-phe have opposite chirality. Therefore, the crystalline 

sample is racemic, see the figure 1.7 [243] 
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Until that time, V. P. Singh, in 2008 were prepared Cu(II) complexes, formulation 

as [Cu(iinh)2(NO3)2] & [Cu(ibh)2(H2O)2](NO3)2 , iinh = isopropanoneisonicotinoylhydrazone, 

and ibh = isopropanone benzoyl hydrazone, as what shown in figure 1.8. The description 

of compounds are done via different techniques like elemental analyses, molar 

conductances, dehydration studies, ESR, IR and electronic spectral studies. The electronic 

and ESR spectra clarified that two compounds have a six-coordinate tetragonally distorted 

octahedral geometry. Adding to that, ESR spectra indicated to [Cu(iinh)2(NO3)2] has an 

axial signals at 77K in DMSO solution. Whereas in the same conditions, ESR spectra of 

[Cu(ibh)2(H2O)2](NO3)2 displays isotropic type. [244] 
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At the same year, C. Yuste et al, in 2008 were synthesized, characterized structures 

and magnetic properties of [Cu(bpy)(tcm)2]n, [Cu4(bpz)4(tcm)8] tcm= tricyanomethanide, 

bpy = 2,2′-bipyridine, bpz = 2,2′-bipyrazine, see figure 1.9. The Cu(II) atoms of the 

[Cu(bpy)(tcm)2]n compound has six coordination with two nitrogen atoms of bpy ligands 

[N(1) and N(2)], and nitrile-nitrogen atoms of bridging tcm groups [N(4a), N(6), N(3) and 

N(8b)] building as an elongated octahedral surrounding. [245] 

 

 

 

Nevertheless, the [Cu4(bpz)4(tcm)8] complex is built up of rectangular shape of 

discrete cyclic tetracopper(II), (2,2′-bipyrazine)copper(II) units at the corners,  with single- 

and double-μ-1,5- tcm bridges alternating at the edges. The coordination of Cu(1) and 

Cu(2) atoms are noted by X- ray diffraction, as what clarified in figure 1.10. The analysis 

displayed that there are five and six coordinated copper atoms with Cu(1) has a distorted 

square pyramidal geometry and Cu(2) has an elongated octahedral geometry. The magnetic 
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studies show that [Cu(bpy)(tcm)2]n has weak ferromagnetic, while [Cu4(bpz)4(tcm)8] has 

antiferromagnetic interactions. [245] 

 

In the next year, K. N. Lazarou et al, in 2009 were prepared copper(II) complex 

which is expressed as [Cu2(HL)2(bpy)2(H2O)2](ClO4)2.2H2O, where HL is maleamic acid 

and bpy is 2,2'-bipyridine, as what shown in figure 1.11. Characteristic IR bands of the 

complexes are discussed in terms of the known structures and the coordination modes of 

the ligands. The structure of complex contains two copper(II) atoms bridged by the 

carboxylate groups of the two HL-ligands. The copper atoms have five coordinated with 

chelating bpy and water molecules in which that completing the square pyramidal 

coordination. The amide group of the HL ligands is uncoordinated. Consequently, the 

coordination geometry of each metal is known as square pyramidal with the bridging 

carboxylate oxygen atoms. [246] 
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Until that time, M.O. Agwara et al, in 2010 were prepared copper(II) mixed-ligand 

complex containing 1,10-phenanthroline (phen) and 2,2'-bipyridine (bpy) as ligands. It is 

formulated as [Cu(bpy)(phen)H2O)2]Cl2.2H2O. The synthesized complex is described by 

elemental, IR and visible spectroscopic analyses. The results showed that both ligands are 

coordinated toward copper(II) ion causing an octahedral complex. Moreover, antimicrobial 

studies discovered that the antimicrobial activity of the metal atoms raised on coordination 

to the ligands. Where copper complex has highest activity compared with others as Co and 

Zn complexes. That encouraged further studied to exanimate it for the treatment of 

infections which caused by organisms. [247] 

At next year, M. P. Yutkin et al, in 2011 were prepared copper complexes which 

are formulated [Cu(bpy)2(H2O)2](NO3)2.4.5C2H5OH where bpy = 4,4′-bipyridyl.  By slow 

evaporation of an aqueous alcoholic solution of copper nitrate, L-phenylalanine, and 4,4′- 

bipyridyl. The structure and component of the complex is characterized by using single 

crystal diffraction technique, XRD. The structure of [Cu(bpy)2(H2O)2](NO3)2⋅4.5C2H5OH 

constructs  two  types  of  crossing  channels. In more details, the copper coordination links 

with two 4,4′-bipyridyl ligands via four nitrogen atoms and with water molecules via 

oxygen atoms. [248] 

Later, A. Draksharapu et al, in 2015 were tested the interaction of Cu(II) 

polypyridyl complexes with st-DNA (Salmon testes DNA), one of them is 
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[Cu(bpy)(NO3)2], where bpy = 2,2′-bipyridine, see figure 1.12. It described by utilizing 

many means as elemental analysis, FTIR, EPR, Raman and resonance Raman. The results, 

for example spectroscopic data, detected that its interaction can characterized as groove 

binding. Meaning that, the complex is flexible in binding to DNA and so be the best catalyst 

DNA based asymmetric Diels-Alder reaction. While, the result of Roman spectroscopy 

appeared that nitrate ligands are moved by water solvent. [249] 

               

After couple years, J. H. Kwon et al, in 2014 were prepared [Cu(dpa)2(NO3)2] and 

[Cu(2,2′-bipyridine)2(NO3)]NO3 where dpa = 2,2′-dipyridylamine. The complexes were 

studied due to determine their efficiency in oxidative DNA cleavage, utilizing 

electrophoresis and linear dichroism (LD). The results displayed that [Cu(2,2′-

bipyridine)2(NO3)]NO3 complex has the highest efficiency of DNA cleavage. [250] 

At the same period, R. F. Brissos et al, in 2014were synthesized copper(II) complex 

with different nuclearities which is worded as [Cu2(L4)(ClO4)(OH)(CH3OH)](ClO4), 

where L4 is 4-tert-butyl-2,6-bis-(quinoline-2-ylhydrazonomethyl)phenol, figure 1.13. It 

was determined by single-crystal X-ray diffraction.Cu1 is triply linked to Cu2 which 

displayed an octahedral geometry. The equatorial plane is established by the atoms N4, N6, 

O1 (from ligand L4), and the bridging hydroxide atom O2.The axial positions are employed 
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by a methanol molecule O3 and the oxygen atom O4 from the perchlorate anion that 

bridges Cu2 to Cu1. Adding to that, phenoxide and hydroxide bridges. The complex has 

an effective DNA-interacting activity, where it has been prepared to rise the DNA-

oxidative-cleaving abilities of the corresponding copper systems. [251] 

        

In addition to that, R. F Brissos and coworkers, in 2014 were prepared [Cu(L2)NO3] 

complex, where L2 is  2-tert-butyl-6-(quinoline-2-ylhydrazonomethyl)phenol, figure 1.14. 

The structure is revealed by using single-crystal X-ray diffraction. The coordination 

geometry around copper atom is nearly a square planar, where the coordination of copper 

is done by N, N, O atoms of ligand and O2 atom of the nitrate. The studies show that the 

metal of complex has an efficient DNA binders. [251] 
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Also, in 2014 M.Puchoňová et al, were prepared different Cu(II) complexes in 

which its general formula is Cu(XSal)2(ampy), where amp = 2-aminomethylpyridine and 

XSal = 3-methylsalicylate, 4-methylsalicylate or 5-methylsalicylate. The supposing 

structure of the complexes are examined by elemental analysis and spectra data as EPR, 

electronic and infrared. The two nitrogen atoms of bidentate ampy contributed to 

coordinated the Cu(II) atom of all compounds as well as monodentate and/or highly 

asymmetrically chelating salicylate anions. Based on that analysis, the structures of the 

complexes could be similar to [Cu(HCOO)2(ampy)], or [Cu(CH3COO)2(ampy)] that are 

reported in the literature. [252] 

Subsequently, M. M. Ibrahim et al, in 2017 were synthesized [Cu(BPy)(Gly)]ClO4, 

where Bpy = bipyridine and Gly = glycine (fig. 1.15), and identified by elemental analysis, 

spectroscopic (FT–IR, UV–Vis and ESR), thermal analysis, and magnetic moment 

measurements. The structure of the complex is square planar geometry, in which that 

determined by single crystal X-ray diffraction. It offered four coordinated copper center 

with nitrogens of two bipyridyl and glycine, and oxygen of glycine. The antioxidant 

(superoxide dismutase and catalase) appeared that complex might be used as dual 

functional mimic enzyme to assist of reactive oxygen species (ROS) detoxification, both 

with regard to the superoxide radicals and the related peroxides. [253] 
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After year, C. E. Knapp et al, in 2018 was synthesized monomeric copper 

complexes of the type [Cu(NH2CH2CH(R)Y)2(NO3)2] (1, R=H, Y= NH2; 2, R=H, Y=OH; 

3, R=Me, Y=OH) characterized by elemental analysis, mass spectrometry, infrared 

spectroscopy, thermal gravimetric analysis, and single crystal X-ray diffraction. They 

found that, the use of isolated copper coordination complexes provided a convenient 

approach to avoid the dissociation of the inks. Additionally, plasma assisted inkjet printing 

evidenced that compounds are an functional alternative for thermal sintering, see figure 

1.16 a and figure 1.16 b [254] 
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Furthermore, M. Mangoli et al, in 2020 was used 2-aminopyrimide with tartaric 

acid for synthesis of a mixed ligand complex of copper(II), in which it formula is asm-

(C2O4)-bis([Cu(amp)(NO3)(H2O)2].H2O. The characterization of complex studied 

according to different methods as elemental analyses, spectroscopic methods (IR, UV/Vis), 

thermal analysis and X-ray diffraction (XRD). Cu(II) atom of the complex has six 

coordination, where O,O'-bidentate oxalate ion, two water molecules and one nitrogen 

atom of 2-aminopyrimide are coordinated towered it. [255] 

After that, M. L. Nisbet et al, in 2021 were made many copper complexes with 

different ligands, in which expressed as [Cu(bpy)2(TaF6)2] and [Cu(bpy)3][TaF6]2 where 

bpy = 2,2′-bipyridine, TaF6 = hexafluoridotantalate(V). Each copper atom of Cu(II) 

[Cu(bpy)2(TaF6)2] complex is coordinated by two bpy ligands in an equatorial plane, and 

by two TaF6
- groups in an axial plane figure 1.17. [256] 

      

https://www.ncbi.nlm.nih.gov/pubmed/?term=Nisbet%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=33614146
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Whereas, the Cu(bpy)3
2+ cations of [Cu(bpy)3][TaF6]2 complex with Cu(II) atom is 

in an octahedral CuN6 coordination environment, as what clarified in figure 1.18. [256] 

 

 

In addition to that, S. Gao et al, in 2021 were synthesized a copper(II) complex 

[Cu(bpy)(C4H4O6)]. The complex composed a synthetic 2-(hydroxymethyl)tartronate 

(C4H4O6) is unusual anionic chelating ligand. The structural of the complex is studied using 

X-ray diffraction. The results showed that the structure of the complex has square 

pyramidal geometry, where two bpy (via nitrogen atoms) and 2-(hydroxymethyl)tartronate 

anion (C4H4O6
-2) (via three oxygen atoms) are coordinated toward Cu(II) center atom. 

[257] 
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1.9.3 Nickel complexes 

S. Tanase et al, in 2000 was synthesized trans-[Ni(ampy)2(NO3)2] where ampy = 2-

aminomethylpyridine, figure 1.19. The complex composed of nickel atom placed on an 

inversion center in which it linked with neutral mononuclear entities. The crystal structure 

found that Ni(II) atom of the complex has distorted octahedral geometry, in which the four 

nitrogen atoms of ampy ligands and two oxygen atoms of nitrato groups are surrounded 

the Ni(II) center atom. The cryomagnetic studies showed that complex has ferromagnetic 

as well as there is a π-π stacking interactions between mononuclear units. [258] 

 

      

 

After few years, Y. Lin et al, in 2003 were prepared Ni(II) complex that composed 

of tetradentate ligand, 2,2′,2′′-triaminotriethylamine (tren), and the bidentate ligand 2,2′-

bipyridine (bpy), see figure 1.20. The X-ray analysis clarified that the Ni(II) atom center 

of the complex has a distorted six coordinated octahedron, where two nitrogen atoms of 
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bpy ligand tetradentate tren ligands coordinated toward Ni(II) center atom via its four 

nitrogen atoms. [259]  

 

 

In the same year, Y. Zhouet al, in 2003 were prepared Ni(II) complex, which its 

formula [Ni(C10H8N2)3](ClO4), where C10H8N2 is 2,2'-bipyradine (bpy), figure 1.21. The 

characterization of the complex is done by elemental and single-crystal diffraction analysis. 

The coordination of complex is a highly distorted octahedral geometry, where Ni(II) metal 

is surrounded by six nitrogen atoms of three chelating bpy ligands. [260] 
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Afterward, S. H. Rahaman et al, in 2005 were prepared [M(dpa)2(N3)2].H2O, where 

M = Ni(II) and 2,2'-dipyridylamine, as what shown in figure 1.22.  The structure of the 

complex characterized by X-ray crystallographic. The results clarified that distorted 

octahedral formed according to that polyhedron, round the Ni(II) atom center,  with a MN6 

coordinated by the four nitrogen atoms of dpa (N1, N3, N4, N6) and two nitrogen atom of 

two azide (N7, N10) as terminal ligands. The equatorial plane around the center of the 

Ni(II) metal is occupied by three nitrogen atoms (N1, N4, N6) of dpa group beside to one 

nitrogen atom (N7) of azido unit. The trans axial sites are exploited by the remaining 

nitrogen (N3) of dpa and one nitrogen (N10) of other pendant azido ligand. Dpa is expected 

to produce hydrogen bonds via the hydrogen of amine, that resulting π…π and/or C–H…π 

interactions by pyridyl planes. Therefore, various crystalline aggregates with luminescence 

merits. [261] 
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After year, V. R. Pedireddi et al, in 2006 were prepared [Ni(bpy)2(NO3)](NO3) 

where bpy is 2,2'-bipyridine, figure 1.23. The characterization of complex is determined 

through single crystal X-ray diffraction methods. The Ni(II) atom is a hexacoordination, in 

which two bpy ligands and one nitrate group are linked toward it in a chelating mode. [262] 

   

 

Then, S. Bruda et al, in 2006 were formed a Ni(II) complex [Ni(ampy)2(tcm)2], 

where ampy is 2-aminomethylpyridine and tcm is tricyanomethanide (tcm), as what shown 
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in figure 1.24. IR spectra and X-ray crystallography have been used to study the complex’s 

structure. The tcm ligand coordinate toward nickel atom in a monodentate mode. [263] 

 

In the same year, H. Wang et al, in 2006 were synthesized Ni complex which is 

formulated [Ni(dpa)2(dca)2] where dpa = 2,2'-dipyridylamine and dca = sodium 

dicyanamide, figure 1.25. The X-ray crystal structure analyzed that Ni(II) atom is a 

distorted octahedron, where six nitrogen atoms (from two dpa and two dca) coordinated 

toward it. The equatorial plane are occupied via four nitrogen atoms (N1A, N3A, N4, N3), 

one from dca and two from dpa. Whereas one N, in which it is provided from one dca and 

one dpa atom, lies in the trans axial sites. [242] 
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After couple years, B.J. Wang et al, in 2008 were formed [Ni(C8H7O3)(C10H8N2)]ClO4 

where C10H8N2 is 2,2'-bipyradine and C8H7O3 is 2-formyl-6-methoxyphenolate (mbd), see 

figure 1.26. The X-ray crystal structure analyzed that Ni(II) atom has a slightly distorted 

square coordination geometry, in which the bipy ligand (via its two nitrogen atoms) and 

protonated mbd ligand (via its two oxygen atoms) are coordinated toward it. A weak 

interaction are noticed between the Ni atom and one of the oxygen of the perchlorate. [264] 
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        Later, A. Zianna et al, in 2016 were synthesized several Ni(II) complexes with general 

formula [Ni(dpamH)2(X–salo)]Cl, where X-salo is 5–Cl–salo, 5–Br–salo and 5–CH3–salo, 

using 2,2′–dipyridylamine (dpamH) and substituted salicylaldehydes (X–saloH) as starting 

materials, scheme 1.13. The X–ray crystallography method characterized that the nickel(II) 

metal is an octahedral coordination by nitrogen atoms of two dpamH ligand and X-salo 

ligand via its oxygen atoms of carbonyl and phenolic groups. The biological studies 

concluded to that complexes could use as potential metallo-therapeutic agents. [265] 

 

After that, R. Carballo et al, in 2017 were synthesized Ni(II) complex in which it 

formulated as [Ni(bz)(dipyam)2](bz).2MeOH, where bz = benzilato and dipyam = 2,2'-

dipyridylamine, figure 1.27. The characterization of the complex is done by using 

elemental analysis, IR and electronic absorption spectroscopy, magnetic measurements, 

thermo gravimetricanalysis and single crystal X-ray diffraction. The structure of the 

nickel(II) ion complex is hexacoordinated through four nitrogen atoms of dipyam ligands 

and one carboxylate and one hydroxyl oxygen atoms of benzilato ligand and the geometry 

is a distorted octahedron due to the presence of three chelate rings. [266]  
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At least, L. Kreˇs ́akov ́a et al, in 2021 were produced many nickel complex which 

is formed as [Ni(bpy)(Bz)2] and [Ni(bpy)2(Bz)](NO3).1.25H2O where (bpy = 2,2′-

bipyridine and Bz = benzoate anion), see figure 1.28. The structures of the complexes were 

analyzed via single-crystal X-ray crystallography. The Ni(II) atom of [Ni(bpy)(Bz)2] 

complex is a hexacoordinated through two benzoate group and one bpy ligand. While, the 

Ni(II) atom of [Ni(bpy)2(Bz)](NO3).1.25H2O complex is a hexacoordinated via two bpy 

and one Bz ligands. [267] 
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1.9.4 Other metals complexes 

S.S. Tandon et al, in 2000 were synthesized Zn(II) complex with formula 

[Zn(AMP)2(NO3)2] where AMP is 2-aminomethylpyridine, figure 1.29. The 

characterization of complex is explained via different techniques as IR, 1H, 13C, 2-D NMR 

spectroscopy and X-ray crystallography. The geometry of the complex is octahedron, the 

zinc(II) atom coordinate with two pyridine nitrogens and two amino nitrogen atoms from 

bidentate 2-aminomethylpyridine ligands in an equatorial plane, and with two oxygen 

atoms from two monodentate nitrate molecules in an axial plane. [268] 
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In other research, T. Sunahara et al, in 2004 were prepared [Zn(bpp)(pca)(MeOH)]ClO4 

where 1,3-bis(4-pyridyl)propane (bpp), pyrazine-2-carboxylate  (pca), see figure 1.30. Its 

structure is established by single-crystal X-ray diffraction. The results showed that 

complex exhibit distorted octahedral skeletons around the Zn ions.  MeOH could be took 

out without destruction of the parental superstructure. There are two methods to prepare 

the complex. First, using pyrazine-2-carbonitrile (pcn), bis(pyridine) ligands, and zinc 

perchlorate. The successful of the synthesis is done by hydrolysis of the CN group of pcn 

to CO2 during the reaction with explosion to air for couple days, thus a multidentate ligand 

is formed. Second, it could easily obtained by mixing of pca, bpp, and Zn(ClO4)2.6H2O in 

EtOH/H2O at room temperature resulting in similar. [269]                 
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It should noticed that Kopelet al, in 2004 were synthesized [Fe(bpy)3](ttcH).2bpy.7H2O 

complex, where ttch is trithiocyanuric acid, figure 1.31. The elemental analysis, IR and 

UV–Vis spectroscopies have been used to analyze the complex. Its coordination structure 

is distorted octahedral arrangement, in which Fe(II) atoms with monoanionic leads to 

located trithiocyanurate outside the internal coordination sphere. [270] 

Figure 1.31   View the structure of [Fe(bpy)3](ttcH).2bpy.7H2O complex. The water molecules                                                    

and hydrogen atoms of coordinated bpy are deleted for clarity. [270] 

 

Other researchers as S. Hamamcia et al, in 2005 were synthesized new Ag(I) 

complex in which its formula is [Ag(sac)(ampy)] where sac is saccharinate and ampy is 2-

(aminomethyl)pyridine, figure 1.32. The structure analyzed using many methods like 



54 
 

elemental analysis, IR spectroscopy, thermal analysis and single crystal X-ray diffraction. 

The Ag(I) atom in compound display a distorted T-shaped AgN3 coordination geometry, 

where ampy and sac ligands coordinated toward it. [271] 

 

Whereas, J.C. Yao et al, in 2005 were synthesized [Co(bipy)3](ClO4)2 complex, 

using cobalt(II) perchlorate hexahydrate Co(ClO4)2.6H2O and 2,2'-bipyridine, figure 1.33. 

X-ray single-crystal diffraction is used to study the structure of complex. The Co(II) is 

coordinated by six nitrogen atoms of three bipy ligands. The description for the 

coordination of polyhedron surrounds the Co(II) atoms is a distorted octahedron. [272] 
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However, A. Malassa et al, in 2006 were used 2-Pyridylmethylamine ligand (amp) with 

Iron halides as FeCl2 and FeBr2, methanol employed as solvent to form bis(amp) complexes 

as [(amp)2FeCl2] and [(amp)2FeBr2], figure 1.34. Their structures were investigated by 

crystallographic, where the coordination of iron is distorted octahedral geometry.  [273] 
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On the other hand, Z. Talaei et al, in 2006 were used other metal as zinc(II) with 

2,2'-bipyridine and CH3COO is acetate anion to form [Zn(bpy)2(CH3COO)](ClO4). H2O 

complex. The characterization of the structure is done by utilizing elemental analysis, IR, 

1H NMR and13C NMR spectroscopy. The result of the analysis displayed that Zn(II) atom 

is surrounds by N atoms of bpy ligands and two O atoms of acetate group. Thus, the 

coordination of Zn(II) is distorted octahedral geometry, as what shown in the figure 1.35 

[274] 

 

          Figure 1.35   View the structure of [Zn(bpy)2(CH3COO)](ClO4).H2O complex. [274] 
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In other view, W. Z. Shen, in 2007 was produced Pt(II) complex in formula [{cis-

Pt(NH3)2(2,2'-bpz-N4,N4’)}4](NO3)8.4H2O  by uniting two groups of [{Pt(en)(2,2'-bpz-

N4,N4’)}3](NO3)6, see figure 1.36. The 1H NMR and X-ray crystallography are used to 

analyze the structure of the complex. The coordination for complex is square planar 

geometry. [275] 

 

 

 

In addition to that, the figure below explained that the structure has been as open box two 

nitrate anions and four water molecules combined in the inside, as what shown in figure 

1.37 [275] 
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Same year, M. G. B. Drew et al, in 2007 were prepared [Ru(2,2'-bipyridine)2(Hdpa)](BF4)2. 

2H2O complex, where Hdpa is 2,2'-dipyridylamine, figure 1.38. The structure of complex 

is analyzed using X-ray crystal structure. The geometry of Ru metal is octahedral N6 

coordination sphere, where Hdpa ligands linked with Ru atom via the two nitrogen atoms 

(N51 and N63) of two pyridyl groups. [276] 
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Thereafter, K. K Kpogo et al, in 2017 were prepared [CoII
2(L

1’)(bpy)2]ClO4, where 

L1’ is triply deprotonated ligand as what is shown in the figure 1.39. The structure of 

complex is clarified by using means of electrochemical, spectroscopic, and computational 

methods. The figure 1.39 below shows that there are two phenolic groups and one amidic 

protons are lost from ligand (L1’)-3 due to supporting of dicobalt(II) atoms. [277]  

 Moreover, both of five coordinate Co(II) is linked with azomethine via nitrogen 

atom (N1 or N2), phenolate through oxygen atom (O1 or O2) and with bipyridine (bpy), in 

which the coordination sphere is completed. The role of single counter ion ClO4
- 

contributed in neutralizing of mono- cationic unit. [277] 
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In addition to that, A. S. Priyal et al, in 2017 we synthesized [Fe(bpy)3]Cl2 

complex, where bpy is 2,2'-bipyridine ligand (scheme 1.14). The preparation is done by 

converting the Iron(II)-polypyridyl complex through putting ammonium hexanitrato 

cerium(IV) in HClO4 or PbO2 solution in ice bath. After half an hour, sodium perchlorate 

solution is added. The resulted precipitate is filtered and washed by mixture of ethanol and 

ice cold water, then dehydrated by vacuum. It synthesized as model compounds and applied 

as electron acceptors. [278] 
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At least, N. A.Annana et al, in 2020 were prepared [Zn(bpy)3)]Cl2 complex where 

bpy is a 2,2'-bipyridyl ligand, figure 1.40. The study of the complex’s structure is 

determined via X-ray crystal structure. The two nitrogen atoms of bpy coordinated around 

Zn(II) atom, therefore, the geometry of complex is a distorted octahedral. [279] 
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1.10 Research Objectives: 

1- Synthesis of new coordination compounds containing copper(II) ion and 

homoleptic ligands. 

2- Synthesis a new mixed ligand complexes containing nickel(II) and copper(II) with 

2,2’-bipyrazine,  2,2'-dipyridylamine and other Lewis bases. 

3- Study the influence of different solvent and counter ions on the structure of the 

new complexes. 

4- Synthesis a new mixed ligand complexes of copper(II) with new ligand different 

of the initial ligands.   

5- Preparation single crystals suitable for X-ray single crystal analysis. 

6- Characterization of the new complexes using X-ray, FTIR spectroscopy and 

thermal analysis by differential scanning calorimetry (DSC). 

7- Study the structurally properities of the new complexes. 
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Chapter Two 

Experimental  

(Materials and methods) 

 

2.1 Materials: 

Metal salt copper(II) perchlorate hexahydrate Cu(ClO4)2.6H2O, copper(II) nitrate 

trihydrate Cu(NO3)2.3H2O, nickel(II) perchlorate hexahydrate Ni(ClO4)2.6H2O, 2,2'-

dipyridylamine (C10H9N3), 2-(aminomethyl)pyridine (C6H8N2), N,N-diethylenediamine 

(C6H16N2), tricyclohexylphosphine (C18H33P), copper(II) carbonate hydroxide 

Cu2(OH)2CO3, 2-pyrazinecarboxylic acid (C5H4N2O2), H2O, chloroform, toluene, 

methanol, acetonitrile were purchased from sigma Aldrich. And used as received. 

 

2.2 Methods: 

2.2.1 Synthesis of 2,2'-bipyrazine (bpz)(C8H6N4): 

The synthesis of 2,2'-bipyrazine (bpz) illustrated according to the following scheme 2.1 

 

 

             

Scheme 2.1 View the synthesis of 2,2'-bipyrazine ligand. [238,280] 
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The synthesis was prepared according to previous described procedure, where 4.1 

gram (0.0185) mole of copper(II) carbonate hydroxide reacted with 9.2 gram (0.074) mole 

2-pyrazinecarboxylic acid in 150 ml of water. Then, the mixture stirred about 16.5 hours 

at room temperature. A blue Bis(2-pyrazinecarboxylato)copper(II) precipitate was formed 

by filtering and washing with little amount of water. After that, Bis(2-

pyrazinecarboxylato)copper(II) was dried using oven at 40 C° about 48 hours and then was 

putted in a Pyrex boat that placed in Pyrex tube. At least, the Pyrex boat was heated using 

Bunsen burner under argon atmosphere to pyrolysis the copper complex. [238,280(a)] 

During the pyrolysis, 2,2'-bipyrazine and pyrazine raised to the side of the Pyrex 

tube. The burning process is completed after 20 minutes, therefore, the color of copper 

complex turned to black. While the cooling was done at room temperature, the boat was 

taken away and the pyrazine impurity was removed according to air that passed the tube. 

The remaining solid in the Pyrex was washed using 50 ml of chloroform, in which it 

evaporated at room temperature. The product was recrystallized by 80 ml of toluene, and 

it evaporated at room temperature. A yellow pale crystal collected as 2,2'-bipyrazine in 

which it characterized by FTIR spectroscopy. [280(a)] 

 

 

2.2.2 Synthesis of coordination complexes: 

2.2.2.1 Synthesis of [Cu(amp)2(NO3)2]: 

2.2.2.1.1 Preparations: 

The [Cu(amp)2(NO3)2] complex was prepared by dissolved 48.4 mg (0.2 mmol) of 

copper(II) nitrate trihydrate (Cu(NO3)2.3H2O) in 5 ml of methanol with stirring for twenty 

minutes at room temperature, then 21.7 mg (0.2 mmol) of 2-(aminomethyl)pyridine 

(C6H8N2) is dissolved in 11 ml methanol and added to the clear solution of  the metal. 

Immediately afterwards, 55 ml of methanol is also added with continuous stirring for 35 

hours and heat under reflux for one and half hour until a clear solution occurred. Hence, 

30.7 mg (0.192 mmol) of 2,2'-bipyrazine (C8H6N4) is dissolved in 8 ml of methanol and 

added to the mixture  with continuous stirring and reflux at temperature  60 C° for 26 hours. 

A clear turquoise solution was filtrated and left to evaporate at room temperature until most 



65 
 

of the solvent was evaporated. A yellow brown single crystals suitable to X-ray analysis 

was filtered off and air dried. The percentage yield of this complex is 42.80 %. 

 

2.2.2.1.2 Crystal Data: 

A summary of the key crystallographic information is given in (table 2.1) for the 

[Cu(amp)2(NO3)2] complex. [281-287] 

 

Table 2.1: Crystal Data and Structure Refinement Parameters for [Cu(amp)2(NO3)2] 

complex. 

 

Molecular formula C12H16CuN6O6 

Molecular weight 403.84 

Crystal system, space group Monoclinic, P2 1 /c 

Temperature (K) 295 

a, b, c (Å) 8.6377 (7), 8.9833 (6), 9.9958 (8) 

β (°)  99.430 

V (Å3) 765.14 (10) 

Z 2 

Radiation type  Mo Kα 

µ (mm−1) 1.47 

Crystal size (mm) 0.23 × 0.22 × 0.15 

Data collection  

Diffractometer Bruker Kappa Apex2 

Absorption correction Numerical Analytical Absorption 

(De Meulenaer & Tompa, 1965) 

Tmin, Tmax 0.72, 0.80 

No. of measured, independent and 

observed [I> 2.0σ(I)] reflections 

7044, 1470, 1248 

Rint 0.021 

(sin θ/λ)max (Å
−1) 0.612 

Refinement  

R[F2> 2σ(F2)], wR(F2), S 0.025, 0.044, 1.00 

No. of reflections 1 248 

No. of parameters 115 

No. of restraints 1 

H-atom treatment H-atom parameters constrained 

Δρmax, Δρmin (e Å−3) 0.36, -0.24 
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2.2.2.2 Synthesis of [Cu(dipyam)(H2O)(pca)]ClO4: 

2.2.2.2.1 Preparations: 

The complex of [Cu(dipyam)(H2O)(pca]ClO4 was prepared by dissolving of 74.2 

mg (0.2 mmol) of copper(II) perchlorate hexahydrate (Cu(ClO4)2.6H2O) in 10 ml of water 

with stirring at room temperature for 15 minutes. Then, a dissolved 34.4 mg (0.2 mmol) of 

2,2'-dipyridylamine (C5H4N)2NH in 8 ml of water is added to the solution with continuous 

stirring for 45 minutes and then the reflux turned on at temperature 70 C° for 20 minutes. 

Consequently, 30.4 mg (0.192 mmol) of dissolved 2,2'-bipyrazine (C8H6N4) in 10 ml of 

water was added to the clear solution, the stirring and reflux was continuous for ten 

minutes. A clear green solution was filtrated and left to evaporate at room temperature until 

most of the solvent was vaporized. A green single crystal suitable to X-ray analysis was 

filtrated off and air dried. The percentage yield of this complex is 65.13 %. 

 

2.2.2.2.2 Crystal Data: 

A summary of the key crystallographic information is given in (table 2.2) for the 

[Cu(dipyam)(H2O)(pca)]ClO4 complex. [281-287] 

 

Table 2.2: Crystal Data and Structure Refinement Parameters for  

[Cu(dipyam)(H2O)(pca]ClO4 complex. 

 

Molecular formula C15H14ClCuN5O7 

Molecular weight 475.30 

Crystal system, space group Triclinic, P-1 

Temperature (K) 295 

a, b, c (Å) 7.8943 (10), 9.9511 (14), 13.412 (2) 

α, β, γ (°) 98.908 (9), 106.079 (8), 112.715 (7) 

V (Å3) 892.2 (2) 

Z 2 

Radiation type Mo Ka 

µ (mm−1) 1.43 

Crystal size (mm) 0.28 × 0.27 × 0.16 

Data collection  

Diffractometer Bruker Kappa Apex2 

Absorption correction Numerical Analytical Absorption (De 

Meulenaer & amp; Tompa, 1965) 

Tmin, Tmax 0.68, 0.80 

No. of measured, independent and 

observed [I> 2.0σ(I)] reflections 

10729, 3391, 2648 
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Rint 0.017 

(sin θ/λ)max (Å
−1) 0.613 

Refinement  

R[F2> 2σ(F2)], wR(F2), S 0.055, 0.148, 1.00 

No. of reflections 2648 

No. of parameters 262 

H-atom treatment H-atom parameters constrained  

Δρmax, Δρmin (e Å−3) 0.50, -1.28 

 

 

2.2.2.3 Synthesis of [Cu(bpz)2(H2O)](NO3)2: 

2.2.2.3.1 Preparations: 

The complex of [Cu(bpz)2(H2O)](NO3)2 was prepared by adding 31.8 mg (0.2 

mmol) 2,2'-bipyrazine (C8H6N4) in two equally portions, in which is dissolved in12 ml, 20 

ml of water respectively, to 10 ml of light turquoise solution of 24.4 mg (0.1 mmol) of 

copper(II) nitrate trihydrate (Cu(NO3)2.3H2O) under stirring for an hour at room 

temperature until the solid dissolved. A green single crystal suitable to X-ray analysis was 

filtrated off and air dried. The percentage yield of this complex is 77.80 %. 

 
2.2.2.3.2 Crystal Data: 

A summary of the key crystallographic information is given in (table 2.3) for the 

[Cu(bpz)2(H2O)](NO3)2 complex. [281-287] 

 

Table 2.3: Crystal Data and Structure Refinement Parameters for [Cu(bpz)2(H2O)](NO3)2 

complex. 

 

Molecular formula C16H14CuN10O7 

Molecular weight 521.90 

Crystal system, space group Monoclinic, C2/c 

Temperature (K) 295 

a, b, c (Å) 15.886 (6), 7.208 (4), 18.016 (7) 

β (°)  107.07 (4) 

V (Å3) 1972.2 (17) 

Z 4 

Radiation type  Mo Kα 

µ (mm−1) 1.18 

Crystal size (mm) 0.29 × 0.17 × 0.14 

Data collection  

Diffractometer Bruker Kappa Apex2 
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Absorption correction Numerical Analytical Absorption (De 

Meulenaer & amp; Tompa, 1965) 

Tmin, Tmax 0.82, 0.85 

No. of measured, independent and 

observed [I> 2.0σ(I)] reflections 

11601, 1935, 1755 

Rint 0.018 

(sin θ/λ)max (Å
−1) 0.621 

Refinement  

R[F2> 2σ(F2)], wR(F2), S 0.059, 0.122, 1.00 

No. of reflections 1755 

No. of parameters 157 

No. of restraints 2 

H-atom treatment H-atom parameters constrained 

Δρmax, Δρmin (e Å−3) 0.69, -1.13 

 

 

2.2.2.4 Synthesis of [(bpz)Cu(OH)(ClO4)(H2O)]2.2H2O: 

2.2.2.4.1 Preparations: 

The [(bpz)Cu(OH)(ClO4)(H2O)]2.2H2O complex is prepared by dissolve 37.3 mg 

(0.1 mmol) copper(II) perchlorate hexahydrate (Cu(ClO4)2.6H2O) in 8 ml of methanol 

with stirring for five minutes at room temperature, then 15.9 mg (0.1 mmol) of 2,2'-

bipyrazine is dissolved in 4 ml of methanol and then adding to the light green solution with 

continuous stirring for half hour. After that, 11.62 mg (0.1 mmol) of N,N-

diethylethylenediamine (C6H16N2), which it dissolved in 6 ml of methanol, was added to 

the clear solution with continuous stirring for also about half hour. A clear green solution 

was filtered and left until the most of solvent evaporated at room temperature. A blue black 

single crystal suitable to X-ray analysis was filtrated off and air dried.  

 

 

2.2.2.4.2 Crystal Data: 

A summary of the key crystallographic information is given in (table 2.4) for the 

[(bpz)Cu(OH)(ClO4)(H2O)]2.2H2O complex. [281-287] 

 

Table 2.4: Crystal Data and Structure Refinement Parameters for 

[(bpz)Cu(OH)(ClO4)(H2O)]2.2H2O complex. 

 

Molecular formula C16H22Cl2Cu2N8O14 

Molecular weight 748.39 
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Crystal system, space group Triclinic, P-1 

Temperature (K) 295 

Unit cell dimension  

a, b, c (Å) 8.0391 (10), 8.1718 (9), 10.5662 (14) 

α, β, γ (°) 77.973 (5), 80.465 (6), 84.271 (5) 

V (Å3) 667.98 (14) 

Z 1 

Radiation type Mo Ka 

µ (mm−1) 1.88 

Crystal size (mm) 0.22 × 0.19 × 0.12 

Data collection  

Diffractometer Bruker Kappa Apex2 

Absorption correction Numerical Analytical Absorption (De 

Meulenaer & amp; Tompa, 1965) 

Tmin, Tmax 0.70, 0.80 

No. of measured, independent and 

observed [I> 2.0σ(I)] reflections 

10260, 2590, 2096 

Rint 0.032 

(sin θ/λ)max (Å
−1) 0.617 

Refinement  

R[F2> 2σ(F2)], wR(F2), S 0.051, 0.112, 1.00 

No. of reflections 2096 

No. of parameters 187 

No. of restraints  3 

H-atom treatment H-atom parameters constrained  

Δρmax, Δρmin (e Å−3) 0.97, -0.85 

 

 

2.2.2.5 Synthesis of [Ni(dipyam)2(bpz)](ClO4)2 

2.2.2.5.1 Preparations: 

The [Ni(dipyam)2(bpz)](ClO4)2 complex is prepared by dissolve 73.1 mg (0.2 

mmol) nickel(II) perchlorate hexahydrate (Ni(ClO4)2.6H2O) in 5 ml of methanol with 

stirring for twenty minutes at room temperature, then 33.9 mg (0.2 mmol) of 2,2'-

dipyridylamine (C10H9N3) dissolved in 6 ml of methanol and adding to the clear solution 

of metal with continuous stirring for 17.5 hours. After that, 30.5 mg (0.192 mmol) of 2,2'-

bipyrazine is dissolved in 5 ml of methanol and added to the mixture with continues stirring 

for extra four hours. After that, 10 ml of methanol is added to the solution with continuous 

stirring and the reflux turned on at temperature 60 C° for 17.5 hours. Subsequently, to the 

hot clear solution, 10 ml of water is added with continuous stirring and reflux for two and 
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half hours. A clear yellow solution was filtered and left until the most of solvent evaporated 

at room temperature. An orange single crystal suitable to X-ray analysis was filtrated off 

and air dried. The percentage yield of this complex is 30.40 %. 

 

2.2.2.5.2 Crystal Data: 

A summary of the key crystallographic information is given in (table 2.5) for the 

[Ni(dipyam)2(bpz)](ClO4)2 complex. [281-287] 

 

 

Table 2.5: Crystal Data and Structure Refinement Parameters for 

[Ni(dipyam)2(bpz)](ClO4)2 complex 

 

Molecular formula  C28H24Cl2N10NiO8 

Molecular weight 758.18 

Crystal system, space group Monoclinic, C2/c 

Temperature (K) 295 

a, b, c (Å) 16.919 (3), 11.2635 (18), 17.588 (4) 

β (°)  113.037 (4) 

V (Å3) 3084.4 (10) 

Z 4 

Radiation type  Mo Kα 

µ (mm−1) 0.87 

Crystal size (mm) 0.16 × 0.14 × 0.07 

Data collection  

Diffractometer Bruker Kappa Apex2 

Absorption correction Numerical Analytical Absorption (De 

Meulenaer & amp; Tompa, 1965) 

Tmin, Tmax 0.89, 0.94 

No. of measured, independent and 

observed [I> 2.0σ(I)] reflections 

14457, 2926, 2238 

Rint 0.020 

(sin θ/λ)max (Å
−1) 0.612 

Refinement  

R[F2> 2σ(F2)], wR(F2), S 0.041, 0.064, 1.00 

No. of reflections 2238 

No. of parameters 222 

H-atom treatment H-atom parameters constrained 

Δρmax, Δρmin (e Å−3) 0.25, -0.26 
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2.2.2.6 Synthesis of [Cu(bpz)3](ClO4)2.2CH3CN: 

2.2.2.6.1 Preparations: 

The [Cu(bpz)3](ClO4)2.2CH3CN complex was prepared by dissolve 37.5 mg (0.1 

mmol) of copper(II) perchlorate hexahydrate (Cu(ClO4)2.6H2O) in 11 ml of acetonitrile 

with stirring at room temperature for five minutes, then 30.8 mg (0.192 mmol) of 2,2'-

bipyrazine is dissolved in 4 ml of acetonitrile with continuous stirring for half hour, After 

that, 56.2 mg (0.2 mmol) of tricyclohexylphosphine (C18H33P) is dissolved in 4 ml of 

acetonitrile and added to the solution with stirring for half hour. After that while stirring 

continuous, the reflux turned on at temperature 70 C° for 21.5 hours. A clear green solution 

was filtered and left until the most of solvent evaporated at room temperature. A green 

single crystal suitable to X-ray analysis was filtrated off and air dried. The percentage yield 

of this complex is 82.77 %. 

 

2.2.2.6.2 Crystal Data: 

A summary of the key crystallographic information is given in (table 2.6) for the 

[Cu(bpz)3](ClO4)2.2CH3CN complex. [281-287] 

 

Table 2.6: Crystal Data and Structure Refinement Parameters for 

[Cu(bpz)3](ClO4)2.2CH3CN complex. 

 

Molecular formula  C28H24Cl2CuN14O8 

Molecular weight 819.05 

Crystal system, space group Monoclinic, P 21/n 

Wavelength  0.71073 A 

Temperature (K) 173 (2) 

Unit cell dimensions   

a, b, c (Å) 11.2508(6), 22.1602(12), 13.6980(8) 

A, b, g (°) 90°, 90.302(5)°, 90° 

V (Å3) 3415.1(3) 

Z 4 

Density calculated (Mg/m3) 1.593 

Absorption coefficient (mm-1) 0.868 

F (000) 1668 

Crystal size (mm3) 0.090 x 0.020 x 0.020 

Theta range for data collection  3.497 to 25.645° 

Index ranges -13<=h<=13, -26<=k<=26, -16<=l<=16 

Reflections collected  28424 

Independent reflections  6401 [R(int) = 0.1298] 
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Completeness to theta = 25.000°  99.7 % 

Absorption correction  Semi-empirical from equivalents 

Max. and min. transmission  1.000 and 0.678 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters  6401 / 78 / 517 

Goodness-of-fit on F2 1.402 

Final R indices [I>2sigma(I)] R1 = 0.1502, wR2 = 0.2690 

R indices (all data)  R1 = 0.1896, wR2 = 0.2855 

Extinction coefficient  n/a 

Largest diff. peak and hole  0.900 and -0.859 e.Å-3 
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Chapter Three 

Result and Discussion 

Series of copper(II) complexes are prepared and structurally characterized, in which 

they are containing different nitrogen donor ligands as 2,2'-bipyrazine (bpz), 2-

(aminomethyl)pyridine (amp), 2,2'-dipyridylamine (dipyam), and/or containing 

coordinated nitrate and water molecules. Beside to preparing a nickel(II) complex that 

contained dipyam and bpz ligands. It found that the copper atom is both five and six- 

coordinated in these complexes, and ligands are bidentately bonded only through N atom 

or chelated through H and O atoms of counter ions as water and nitrate molecules. Where 

some of their counter ions are coordinated towered center metal atom and other neutralized 

the charge of the complex. Additionally to that, solvent as water also participated and 

coordinated. Majority of the prepared complexes are mononuclear that having mixed 

ligands which is the aiming of this work, but there are not. At least, some of these 

observations are noticed by other researches. [270] 

The X-ray diffraction analysis for [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O, 

[Cu(amp)2(NO3)2], [Cu(dipyam)(H2O)(pca)]ClO4, and [Cu(bpz)2(H2O)](NO3)2 

[Ni(dipyam)2(bpz)](ClO4)2 complexes are done by Professor Dr. Antonios Hatzidimitriou, 

laboratory of Inorganic Chemistry, Faculty of Chemistry, Aristotle University of 

Thessaloniki from Greece, while [Cu(bpz)3](ClO4)2.2CH3CN complex is done by Prof. Dr. 

Matthias Wagner, Institut für Anorganische und Analytische Chemie, Goethe-Universität 

Frankfurt, and Dr. Michael Bolte, Institut fuer Anorganische und Analytische Chemie, J.-

W.-Goethe-Universitaet from Germany.  

3.1 [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O complex: 

Hydroxo-bridged metal complexes,  where metals bonded through hydroxobridge, 

are worthy spread wide in material, coordination and supramolecular chemistry fields. 

[280(a)] Hydroxo bridged copper complexes, for example, played an important role in 

different applications as bioinorganic chemistry, magneto-chemistry, materials science, 

multi-metal center catalysis, superconductivity and multielectron redox chemistry. [288] 

In more details, biological studies, for instance, found that hydroxo-bridged dicopper(II) 
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complex has special affinity for a tyrosinase inhibitor, which is used for prevention of skin 

disease, via an unsymmetrical binding. [289(a-b)] Furthermore, the interest turned to study 

the hydroxo-bridged copper(II) complexes due to their active catalytically for oxidative 

coupling reactions. [290(a-b)]  

On one hand, their magnetically is simple, where every metal ion has one unpaired 

electron; in which they could be ferro- or antiferromagnetically arrangement based on their 

molecular geometry.  [280(a-b), 291(a-j), 292(a-b), 293(a-d), 294(a)] In other words, the 

hydroxo-bridged Cu(II) binuclear complexes have a huge attention in research area due to 

their condensed-phase magnetic properties, in which they illustrate the relationship 

between the analysis of single crystal structure and the interpretation of the magnetic 

results. Furthermore, because Cu(II) has one active unpaired electron in d orbital (d9), their 

data analysis could employ in the improving of empirical correlations of strength of 

magnetic coupling in super exchange-coupled compounds referring to Cu–OH–Cu 

bridging unit. [280(a, c), 291(a-c, f), 293(a-e), 294(a-b), 295(a, c)] 

At the same point, the characterization of their magneto-structural property have 

got a lot of attention. [292(a-b), 293(a), 294(a), 295(a)] Hatfield and Hodgson derived an 

equation to consume the J value of dihydroxo-bridged copper(II) complexes according to 

Cu–O–Cu bridging angle (a) and the singlet–triplet energy gap, in which the theoretical 

result are justified by Hoffmann and co-workers. If the value of bridging angle (a) > 97.5◦, 

an antiferromagnetic interaction will be expected. While, the ferromagnetic interaction is 

found, if a < 97.5◦. The study of magnetic behavior extends to analogous parameters via 

bending of Cu2O2, distance of the Cu–O and Cu–Cu and the location of hydrogen atom of 

hydroxide ligand. [291(a-j), 293(a), 294(a-d), 295(a-c)] 

At least, the role of dihydroxo-bridged copper(II) complexes is not only to know 

the magnetic properties but also to probability of metal–metal interaction returned to the 

rather small bridging ligands. And also, they considered as model compounds for spin-

coupling phenomena. [296] 

In this work, the synthesis complex was prepared based on how Khaled prepared 

except using methanol solvent instead of water. In trying to get less angle and distance 

between Cu center atoms than what Khaled got. 
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3.1.1 Crystal structure for [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O complex: 

 

The structure of complex [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O is built up of two 

separate centrosymmetric μ-hydroxy copper(II) dimers, with two terminal 2,2'-bipyrazine 

ligands in equatorial position, while two molecules of water and two perchlorate ions 

located in axial position with trans arrangement, and one water molecule. The depicted 

complex is showed in figure 3.1 with the atom numbering.  

 

Figure 3.1 View the structure of [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O complex with  

         showing the numbering. 

 

Each copper(II) atom of complex is a distorted elongated tetragonal octahedral geometry, 

CuN2O4, in which the axial positions are occupied by oxygen atoms of water and 

perchlorate particles, while two nitrogen atoms of 2,2'-bipyrazine ligand and two oxygen 

of the bridging hydroxo groups are located in equatorial sites. The Cu-N distances are for 

Cu(1)-N(1) is 1.994°A and for Cu(1)-N(2) is 2.012°A, see figure 3.2. The values are rather 

closed to 2,2'-dipyridylamine, 2,2'-bipyridine and 2,2'-bipyrimidine- copper(II) complexes. 
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[280(d-i)]. The Cu-O (hydroxo bridge) distances are 1.931 and 1.923°A, are slightly shorter 

in 2,2'-bipyrimidine-containing copper(II) complexes.[280(d,g)] The bond distance of 

Cu1-O6 and Cu1-O2 at axial site is longer compared to the distance bond of Cu metal with 

ligand at equatorial position, where their distance’s value is 2.742, 2.486°A respectively 

(table 3.1, fig. 3.2).  

 

 

Figure 3.2 View the distance between Cu-ligand and the angle between Cu1-O-Cu1 of 

the [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O complex according to the X-ray analysis. 

 

In the CuN2O4 coordination environment, the two axial Cu1−O6 and Cu1−O2 

distances are different (Δd = 0.256 Å), resulting in a six-coordination environment (fig. 

3.2). Distortion of the regular octahedral geometry is noticed for the CuN2O4 coordination 

environment, with a cis X−Cu1−X angle range (N1-Cu1-O6, O6-Cu1-O1) 80.11−92.90° 

and a trans X−Cu1−X angle range (O2-Cu1-O6, N2-Cu1-O1) 167.57−176.30° (table 3.2). 
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The Cu–Cu distance within the dinuclear unit is 2.830 A°, while the Cu1–O1–Cu1 

angle is 94.52° as in (table 3.1 and table 3.2, fig.3.2). By comparing with the results of 

Khaled thesis, the difference between the distance of Cu-Cu and the angle of Cu1–O1–Cu1 

are little bit, where the distance is 2.826 A° and the angle is 94.40°. As a result, the complex 

that Khaled synthesized is only had the shortest distance and smallest angle comparable 

with others [280(a)]. The exchange interaction of the complex should be ferromagnetic due 

to the value of Cu–O–Cu angle is smaller than 97.5°. [280(k)] 

 

Table 3.1: Bond length [A°] of [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O complex 

Atom 1 Atom 2 Length  Atom 1 Atom 2 Length  

Cu1 Cu1 2.830(1) N2 C5 1.338(6) 

Cu1 O6 2.74(1) N3 C2 1.333(8) 

Cu1 O6 2.74(1) N3 C2 1.333(8) 

Cu1 O2 2.486(5) N4 C6 1.332(7) 

Cu1       O2 2.486(5) N4 C6 1.332(7) 

Cu1 N2 2.012(5) N2 C8 1.330(7) 

Cu1 N2 2.012(5) N2 C8 1.330(7) 

Cu1 N1 1.994(4) N1 C1 1.329(7) 

Cu1 N1 1.994(4) N1 C1 1.329(7) 

Cu1       O1 1.931(4) N4 C7 1.327(7) 

O1 Cu1 1.931(4) N4 C7 1.327(7) 

Cu1 O1 1.923(3) N3 C3 1.323(7) 

Cu1 O1 1.923(3) N3 C3 1.323(7) 

C4 C5 1.475(7) C2 H121 0.925 

C4 C5 1.475(7) C2 H121 0.925 

O8 Cl1 1.45(2) C3 H141 0.923 

O8 Cl1 1.45(2) C3 H141 0.923 

O6 Cl1 1.44(1) C6 H71 0.922 

O6 Cl1 1.44(1) C6 H71 0.922 

O10 Cl1 1.41(1) C8 H41 0.921 

O10 Cl1 1.41(1) C8 H41 0.921 

O4 Cl1 1.405(5) C1 H111 0.917 

O4 C1 1.405(5) C1 H111 0.917 

C5 C6 1.392(8) C7 H51 0.916 

C5 C6 1.392(8) C7 H51 0.916 

C7 C8 1.381(8) O3 H12 0.823 

C7 C8 1.381(8) O2 H151 0.821 

C3 C4 1.378(7) O2 H151 0.821 

C3 C4 1.378(7) O3 H11 0.821 

C1 C2 1.374(7) O2 H1 0.810 
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Table 3.2: Bond angle [deg.] of [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O complex 

O1i—Cu1—O1 85.47 (14) C5—N2—C8 118.5 (4) 

O1i—Cu1—O2 91.72 (18) C2—N3—C3 116.6 (4) 

O1—Cu1—O2 93.37 (19) C6—N4—C7 117.2 (4) 

O1i—Cu1—O6 99.5 (3) N1—C1—C2 121.0 (4) 

O1—Cu1—O6 92.9 (3) C1—C2—N3 122.1 (5) 

O2—Cu1—O6 167.6 (3) N3—C3—C4 122.8 (4) 

O1i—Cu1—N1 95.72 (14) C3—C4—N1 119.7 (4) 

O1—Cu1—N1 173.00 (16) C3—C4—C5 125.9 (4) 

O2—Cu1—N1 93.48 (19) N1—C4—C5 114.4 (4) 

O6—Cu1—N1 80.1 (3) C4—C5—N2 115.5 (4) 

O1i—Cu1—N2 176.29 (15) C4—C5—C6 124.4 (4) 

O1—Cu1—N2 97.29 (14) N2—C5—C6 120.1 (4) 

O2—Cu1—N2 90.59 (18) C5—C6—N4 121.6 (4) 

O6—Cu1—N2 78.0 (3) N4—C7—C8 122.2 (5) 

N1—Cu1—N2 81.25 (15) C7—C8—N2 120.4 (5) 

Cu1i—O1—Cu1 94.53 (14) O8—Cl1—O6 105.4 (8) 

Cu1—O6—Cl1 134.8 (7) O8—Cl1—O10 139.5 (9) 

Cu1—N1—C1 127.1 (3) O6—Cl1—O10 85.3 (9) 

Cu1—N1—C4 114.8 (3) O8—Cl1—O4 107.5 (6) 

C1—N1—C4 117.8 (4) O6—Cl1—O4 109.2 (5) 

Cu1—N2—C5 114.1 (3) O10—Cl1—O4 105.3 (8) 

Cu1—N2—C8 127.4 (3)   

 

 

The hydrogen bond are formed according to the nitrogens of pyrazine ligands, oxygen of 

perchlorate, hydroxide groups of coordinated water and crystallization water molecule, as 

what figure 3.3 showed [280(l)]. The table 3.3 below displays the corresponding D-H, 

H···A and D···A bond distances and D−H···A bond angles, where D: donor, A: accepter.  

 

 

 

C1 C2 1.374(7) O2 H1 0.810 

N1 C4 1.351(7) O1 H21 0.800 

N1 C4 1.351(7) O1 H21 0.800 

N2 C5 1.338(6) O3 H11 0.821 

   O3 H12 0.823 
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Table 3.3: Hydrogen geometry (Å, º) of [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O complex 

 

As what the table 3.3 shown, the following atoms act as hydrogen bond acceptor, 

including nitrogens of 2,2'-bipyrazine ligand with crystallization water molecules [O3—

H11···N4] and [O3—H12···N3], crystallization water molecules with hydroxo bridge 

[O1—H21···O3], coordinated water molecule with different site of chain [O1—

H21···O2], and perchlorate group [O2—H151···O10].  

 

 

Figure 3.3a View the crystal packing of [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O complex with   

           showing the inter-intrachain H-bonds. 

D—H···A D—H 

(A°) 

H···A 

(A°) 

D···A 

(A°) 

D—H···A 

(°) 

O2—H1···O3 0.81 2.02 2.745 (7) 149 

O3—H11···N4ii 0.82 2.13 2.943 (7) 170 

O3—H12···N3iii 0.82 2.13 2.934 (7) 167 

O1—H21···O3i 0.80 2.19 2.982 (7) 168 

C1—H111···O10vi 0.92 2.59 3.239 (7) 129 

C2—H121···O2vii 0.93 2.52 3.436 (7) 171 

C3—H141···O4viii 0.92 2.53 3.299 (7) 141 

C3—H141···O4ix 0.92 2.52 3.232 (7) 134 

O2—H151···O10i 0.82 2.21 3.027 (7) 176 
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Figure 3.3b View the crystal packing of the complex with showing inter-interachain H-    

           bonds within the unit cell.  

 

 

Figure 3.3c View the inter-intrachain H-bonds within unit cell. 
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The structure of the complex is filled with hydrogen bond interactions including water 

molecules and compound lead to form two-dimensional sheet. These sheets linked with 

others into three dimensional (fig. 3.4) via the oxygen atoms of perchlorate with C-H bond 

of 2,2'-bipyrazine in distance range between 2.530 – 2.663 A° with C…O, which its distance 

is 3.127 A°, and nitrogen atom of 2,2'-bipyrazine with hydrogen of water molecule with 

distance value 2.934 A°. Adjacent Cu chains overlapping with others by π–π stacking 

interactions connecting each 2,2'-bipyrazine ligand at 3.484 A° closest connection, 

resulting in forming of 2D sheets.  
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3.2 [Cu(bpz)2(H2O)](NO3)2 complex: 

The [Cu(bpz)2(H2O)](NO3)2 complex in this wok was synthesized by new method, 

characterized by IR analysis, thermal analysis using differential scanning calorimetry 

(DSC) and X-ray diffraction analysis. This complex is resemble in some kind of to many 

produced complexes, for example, [Cu(ibh)2(H2O)2](NO3)2, ibh = isopropanone benzoyl 

hydrazone (C6H5CONHN=C(CH3)2 [244], [Cu(bpy)2(H2O)2](NO3)2.4.5C2H5OH, bpy = 

4,4′-bipyridyl. [248], [M(bpy)2(NO3)](NO3) where bpy = 2,2'-bipyridine, M = Cu(I)/(II) or 

Ni(II), etc. [262] With agreement with previous studies of these complexes, this work aims 

to form new Cu(II) complexes using 2,2'-bipyraizne ligand.     

Analysis data indicated to that copper(II) complexes have variability in 

stereochemistry obtained by copper(II). That caused to expand their usage in different 

applications. For example, they considered as one of the most active complexes in proteins 

due to their responsibility of storage and transport of molecules, moreover, having a role 

in inhibition of tumor growth, as what studies concluded about [Cu(ibh)2(H2O)2](NO3)2 

[244] 

On other perspective, other researchers used 4,4'-bipyridyl (bpy) instead of ibh = 

isopropanone benzoyl hydrazone ligand using Cu(II) metal and so synthesize 

[Cu(bpy)2(H2O)2](NO3)2.4.5C2H5OH, in trying to produce new metal-organic coordination 

polymers, in which their functions include gas storage, catalysis, etc.  [248] On one hand, 

[Cu(bpy)2(NO3)]NO3, bpy = 2,2′-bipyridine complex has highest efficiency in the DNA 

cleavage during manipulation genetic process as what biological studies reported. [250] In 

addition, others found that Cu(I) and Ni(II) coordination polymers with ligands as 4,4'-

bipyridine and 2,2'-bipyridine, forming [M(bpy)2(NO3)](NO3) complex lead to form many 

coordination environment and supramolecular networks. [262] 
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3.2.1 Infrared Spectroscopy 

3.2.1.1 2,2'-bipyrazine (bpz) ligand 

The infrared absorption frequencies obtained for the free 2,2'-bipyrazine are listed in 

(table 3.4), and spectrum is given in (fig. 3.5). 

Table 3.4: Infrared frequencies (cm-1) for the free 2,2'-bipyrazine and assignments. 

Assignment Frequencies (cm-1)  

υ C-H 3078vw, 3050vw, 2972s, 2988s and 2901s 

υ  1592m, 1564m and 1528m 

υ  1433m, 1413m, 1394m and 1341m and 

1311w 

δ ring 1460s 

β CH 1251m and 1230m 

β ring, breathing 1149s and 1076vs and 991vs 

Ring bending 670vw, 645vw and 621vw 

ring-H in-plane binding vibrations 1028s, 1018s and 846s and 813w 

out-of-plane ring-H bending and τ ring 881w, 780vw, 756w, 733w  

594vw and 520vw 
 

The FTIR spectra of 2,2'-bipyrazine have various characteristic bands including, υ C‒H, υ 

, υ , δ ring, β CH, β ring , ring bending, ring-H in-plane binding vibrations, 

out-of-plane ring-H bending and torsion (τ) ring. Both very weak peaks at 3078 and 3050 

cm-1, and the strong bands at 2972, 2988, 2901 cm-1 related to υ C‒H. The three medium 

bands at 1592, 1564 and 1528 cm-1 contributed to υ , while the medium bands at 

1433, 1413, 1394, 1341 and 1311 cm-1 correlated to υ ,  and the strong band at 1460 

cm-1
 vibration essentially deformed the ring. In addition, the medium peaks at 1251 and 

1230 cm-1 are related to β CH, while the strong peak at 1149 cm-1 and the very strong peaks 

at 1076, 991 cm-1 are for β ring. Furthermore, the weak peaks at 670, 645 and 621 cm-1 are 

related to ring bending. Moreover, the strong bands 1028, 1018, 846 cm-1 and the weak 

band at 813 cm-1 are referred to ring-H in-plane binding vibrations, whereas the weak bands 

at 881, 780, 756, 733 cm-1 and the weak peaks at 594, 520 cm-1 are mostly out-of-plane 

ring-H bending and vibration torsion ring. The very weak peak at 1726 cm-1 could be 

considered as overtone. The assignment vibration of 2,2'-bipyrzine ligand is done with 

taking the analysis of 2,2'-bipyridine. [280 (a, j)] It would be worth to mention that the 
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peaks at 3685, 3675 and 3663 cm-1 may be attributed to CH bond, since the CH bond beside 

the nitrogen varies from the CH bond that far the nitrogen atom in the ring, therefore, the 

two different peaks are formed. Also, Nakamato indicated to that the highest frequencies 

ranges from 3700 – 2500 cm-1; returns to X-H stretching, in which the intramolecular 

hydrogen bonds indicates the presence of exchangeable protons, within nitrogen and 

hydrogen atom of one single molecule. [297] 
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3.2.1.2 Infrared spectroscopy for [Cu(bpz)2(H2O)](NO3)2  

The infrared absorption frequencies obtained for [Cu(bpz)2(H2O)](NO3)2 complex are 

listed in (table 3.5), and spectra are given in (fig. 3.6). 

 

Table 3.5: Comparison Infrared frequencies (cm-1) of 2,2'-bipyrazine ligand  of 

[Cu(bpz)2(H2O)](NO3)2 complex with the free 2,2'-bipyrazine ligand.  

 

[Cu(bpz)2(H2O)](NO3)2 complex Assignment Frequencies (cm-1) for 2,2'-bipyrazine 

3094 m, 3065 m and 3041 m 

 

υ C-H 3078vw, 3050vw, 2972s, 2988 and 

2901s 

1593m, 1639m and 1621m υ  1592m, 1564m and 1528m,  

1493w,1379s and 1313vs  υ  1394m and 1341m, 1311w, 1413m 

and 1433m 

1479w and 1463m δ ring 1460s 

1146s,  1089m β ring, breathing 1148s and 1076vs and 991vs 

1054s, 1029s and 1018s, 845s  ring-H in-plane 

binding vibrations 

1028s, 1018s and 846s and 813w 

717m out-of-plane ring-H 

bending and τ ring 

881w, 780vw, 756w, 733w  

594vw and 520vw 

1107m, 1041s and 826s NO3
- ------------------------- 

 

The IR spectrum of the [Cu(bpz)2(H2O)](NO3)2 complex was compared with that of the 

free 2,2'-bipyrazine ligand (fig. 3.6). The shifting of bands to lower or higher wave number 

because of the coordinated metal or crystal packing. [280 (a)] It should be noticed that the 

peak 1528 cm-1 in 2,2'-bipyrazine ligand spectra shifted about 45 cm-1 and be in 1639 cm-

1 in the spectra of the complex. This observation is strong evidence for the 2,2'-bipyrazine 

ligand is coordinated. The path of nitrate ion’s vibration in the IR spectrum of 

[Cu(bpz)2(H2O)](NO3)2 complex, displays a strong absorption at 1107 cm-1 related to N-O 

stretching, a weak intensity peak at 826 cm-1 owing to NO3
- stretching, and a medium 

intensity peak at 1041 cm-1 is characteristic of the presence of uncoordinated NO3 and did 

not appear in free ligand. [298,299,300] for the board peak that begin from 3650- 2600 cm-

1, it contains an interfering absorption. The vibration the OH of water and the vibration C-

H of bpz has a shoulder peak at 3300 -3400 cm-1. Compared with the FTIR of the ligand, 

there is no peak at 3300 – 3500 cm-1, that is an evidence for no water molecule exists in 

the ligand, but there is a water molecule coordinated in the complex. 
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3.2.2 Thermal analysis 

The Differential Scanning Calorimetry (DSC) thermal analysis for the 

[Cu(bpz)2(H2O)](NO3)2 complex were performed using Perkin Elmer DSC equipment. 

Samples bout 6 mg of complex with aluminum pans, nitrogen gas flow and a scan rate 

5°C/min from 25 up to 350°C, and then the cooling was done in the same range. The DSC 

curve (fig. 3.7) displayed an endothermic peak associated with enthalpy of 26.9388 J/g at 

Tmax =217.01°C, followed by another endothermic peak associated with enthalpy of 

16.2711 J/g at Tmax = 263.68 °C which predict to melting point process. Also, tow peaks 

are indicators to that there are two single components are formed, where 2,2'-bipyrazine 

ligand has possibility to form more than one single crystal compound.

 

Figure 3.7 Differential Scanning Calorimetry (DSC) of [Cu(bpz)2(H2O)](NO3)2 complex. 

 

3.2.3Crystal structure for [Cu(bpz)2(H2O)](NO3)2: 

The structure of complex [Cu(bpz)2(H2O)](NO3)2 consists of ,first, Cu(II) center, 

in which it is five coordinated with four nitrogen atoms of  2,2'-bipyrazine ligands, and 
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with one oxygen atom of the water molecule and, second, two nitrate molecules as counter 

ion, as what shown in the figure 3.8 below:    

 

 

 

Since the complex is an ionic structure that comprised chemically identical four 

cations [Cu(bpz)2(H2O)]+2 along with eight uncoordinated nitrate anions NO3
– per unit cell, 

the relative arrangement of the constituents units in the unit cell are shown in figure 3.9 

[298] 
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The nitrate anions link the cations to form a chain structure through O—H•••N close 

contacts and O—H•••O hydrogen bonds, as what shown in the figure 3.10 below: 
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The crystal structure reveals that the Cu atom of the complex has a distorted trigonal 

bipyramidal geometry. The Cu-N (where N is N1, N1i) bond lengths are 1.965(3), 1.965(3) 

Å respectively (table 3.6, fig. 3.11a) lie in the axial positions (fig. 3.8). While, the Cu-N 

(where N is N3, N3i) bond lengths are 2.067(4), 2.067(4) Å respectively (table 3.6, fig. 

3.11a) lie in the equatorial positions (fig. 3.8). While, Cu–O1 bond located in the equatorial 

position and its length is 1.931(6) Å. These results are nearly equivalent to the value of the 

similar complexes. [280 (a, m, n)] They involve bite angle [N3i—Cu1—N1i] of 82.02° 

somewhat less than 90° (table 3.7, fig. 3.11a). 

 

                Table 3.6: Bond length [A°] of [Cu(bpz)2(H2O](NO3)2 complex 

Atom 1 Atom 2 Length  Atom 1 Atom 2 Length  

Cu1 N3i 2.067 (4) N4 C6 1.360 (7) 

Cu1 N1i 1.965 (3) N4 C7 1.313 (7) 

Cu1 N1 1.965 (3) N5 O2 1.247 (6) 

Cu1 N3 2.067 (4) N5 O3 1.200 (6) 

Cu1 O1 1.931 (6) N5 O4 1.213 (6) 
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N1 C1 1.304 (6) C1 C2 1.378 (7) 

N1 C4 1.334 (5) C3 C4 1.362 (6) 

N2 C2 1.278 (7) C4 C5 1.473 (6) 

N2 C3 1.328 (7) C5 C6 1.370 (6) 

N3 C5 1.327 (5) C7 C8 1.323 (7) 

N3 C8 1.242 (6)    

 

 

Figure 3.11a View the distance between the Cu-ligand and the angle between N3i-Cu1-

N1i of the [Cu(bpz)2(H2O)](NO3)2  according to the X-ray complex 

 

As what noticed from (table 3.7, fig. 3.11b) the angle between N1i—Cu1—N1  is 

179.0°(2) on the axial position and it is near to 180°. The angle between N3i—Cu1—N3  is 

121.5°(2) on the equatorial position and it is near to 120°. Also, the angle between N3-Cu1-O1 

is 119.26°(11) on the equatorial position and it is near to 120°. Therefore, these values are strong 

evidence to that the geometry of the complex is a distorted trigonal bipyramidal.  

 

Table 3.7: Bond angle [deg.] of [Cu(bpz)2(H2O](NO3)2 complex 

N3i—Cu1—N1i 82.02 (15) C6—N4—C7 114.8 (5) 

N3i—Cu1—N1 98.47 (15) O2—N5—O3 119.8 (5) 
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N1i—Cu1—N1 179.0 (2) O2—N5—O4 119.6 (5) 

N3i—Cu1—N3 121.5 (2) O3—N5—O4 120.6 (5) 

N1i—Cu1—N3 98.47 (14) N1—C1—C2 121.1 (5) 

N1—Cu1—N3 82.02 (15) C1—C2—N2 122.1 (5) 

N3i—Cu1—O1 119.26 (11) N2—C3—C4 121.5 (5) 

N1i—Cu1—O1 89.50 (13) C3—C4—N1 120.3 (4) 

N1—Cu1—O1 89.50 (13) C3—C4—C5 125.6 (4) 

N3—Cu1—O1 119.26 (11) N1—C4—C5 114.0 (4) 

Cu1—N1—C1 127.0 (3) C4—C5—N3 118.4 (4) 

Cu1—N1—C4 115.5 (3) C4—C5—C6 121.2 (4) 

C1—N1—C4 117.4 (4) N3—C5—C6 120.4 (4) 

C2—N2—C3 117.4 (4) C5—C6—N4 119.8 (5) 

Cu1—N3—C5 110.0 (3) N4—C7—C8 123.8 (5) 

Cu1—N3—C8 130.9 (3) C7—C8—N3 122.2 (5) 

C5—N3—C8 119.0 (4)   

Trigonality index,     0.801 

 

Furthermore, the distortion of the polyhedron is obviously observable and 

confirmed by the values of the Trigonality 1
 (table 3.7) That’s because the non-planarity 

of 2,2'-bipyrazine ligand and the formation of the six membered ring which is more 

demanding when coordinating. [300 (a-c), 301] One of the best examples about the 

distortion of the polyhedron is noticed in copper–quinolonato complexes with square–

pyramidal geometry and N2O2Cl coordination sphere mentioned thus far. [300 (a, d)] 

 
1 Trigonality is defined based on bond angles in the coordination sphere.  = (φ1 – φ2) / 60, where φ1 and 

φ2 are the largest angles in the coordination sphere. The values are ranged between 0 and 1, in which 0 

corresponds to a perfect square pyramid, while 1 corresponds to a perfect trigonal bipyramidal. 
[300 (a, c)]
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 The hydrogen bond are formed according to nitrogen and the oxygen atoms of 

nitrate molecule. The strength of hydrogen bond would be weak or moderate, as what 

figure 3.12 showed. [280(a)] The table below displays the corresponding D-H, H···A and 

D···A bond distances and D−H···A bond angles, where D: donor, A: accepter. As what the 

table 3.8 shown, the following atoms act as hydrogen bond acceptor, including nitrogen of 

nitrate group with coordinated water molecules [O1—H12···N5], oxygen atoms of nitrate 

molecule with hydrogen atoms of coordinated water [O1—H12···O2] and [O1—

H12···O4]. Also, the oxygen atoms of nitrate molecule with the hydrogen atom of 2,2'-

bipyrazne ligand [C2—H21···O3], [C3—H31···O4] and [C6—H61···O3] 

 

Table 3.8: Hydrogen geometry (Å, º) of [Cu(bpz)2(H2O)](NO3)2 complex 

D—H···A D—H 

(A°) 

H···A 

(A°) 

D···A 

(A°) 

D—H···A 

(°) 

O1—H12···N5ii 0.73 2.51 3.194 (7) 157 

O1—H12···O2ii 0.73 2.02 2.726 (7) 164 

O1—H12···O4ii 0.73 2.39 2.908 (7) 129 

C2—H21···O2iii 0.93 2.46 3.349 (7) 162 
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Figure 3.12 View the crystal packing of [Cu(bpz)2(H2O)](NO3)2 complex with  

  showing the inter-intrachain H-bonds. 

 

The role of nitrate anions is acting as bridges to bond with the cations of the 

complex via O—H•••N and O—H•••O hydrogen bonds and C—H•••O closed contacts 

forming three-dimensional sheet, the figure 3.13 shown. Moreover, the complex cations of 

[Cu(bpz)2(H2O)](NO3)2 are stacked in the closest approach between the 2,2'-bipyrazine 

rings of 4.990 A°, indicating no significant π----π stacking interactions, figure 3.14 

C2—H21···O3iii 0.93 2.46 3.236 (7) 141 

C3—H31···O4iv 0.92 2.59 3.389 (7) 145 

C6—H61···O3iv 0.92 2.17 3.071 (7) 167 
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Figure 3.13 View of the network around coordination water of the [Cu(bpz)2(H2O)](NO3)2    

          complex and nitrate anion. 

 

Figure 3.14 View the View the π- π stacking interactions distance between the   

                     2,2'-bipyrazine ligand in [Cu(bpz)2(H2O)](NO3)2 complex. 
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In each typical sheet, the adjacent coordination spheres are held together through 

C–H...O hydrogen bonds formed between the H-atoms on bpz and O-atoms on nitrate anion. 

[262] The NO3
- counter anion engaged the H- bonding with coordinated water molecule 

and with C-H bond of 2,2'-bipyrazine ring of the adjacent positively charged tetramers, 

reinforced by NO3
– anions at the periphery of the boxes, all of which are involved in 

multiple H bonding interactions with water ligands. [275] The packing in the crystal 

structure of the complex is caused by NO3
- anion which acts as linkers between the building 

blocks of the complex via the oxygen atoms of water and hydrogen atoms of 2,2'-bipyrazine 

ligands. Two disordered positions of the 2,2'-bipyrazine molecules are related by an 

inversion center. [267] 

 

3.3 [Cu(dipyam)(H2O)(pca)]ClO4 complex 

Bi and tridentate ligands have attracted caring in the studies which focused in 

supramolecular architectures studies. These kinds of ligands, especially that contain 

pyridine rings as 2-pyrazinecarboxylate (pca) and 2,2'-dipyridylamine, have ability to build 

network by both hydrogen bond via NH group and π- π interaction through pyridine 

ring.[242] Beside to that, the variety coordination modes of pca and its derivatives 

encouraged chemists attend them toward projects of the construction of molecular 

structures. [303] 

2-Pyrazinecarboxylic acid and its metal complexes also are important organic–

inorganic hybrid material. In addition, they are used in different applications as 

development of selective catalysis, molecular recognition, electro-optic materials, 

semiconductor materials and magnetic materials. [209, 304 (a-d)] For example, the 

researchers investigated that Cu complexes like [Cu(pzca)2(H2O)], pzca = pyrazine-2-

carboxyamide, used as friendly environment catalysts, high quality, generality, simplicity, 

mild conditions reaction as needing short time and low temperature, easy to isolate the 

product, the yield of desired products ranges from good to excellent. [303, 305] 

On one hand, the new interest of supermolecule studies is to trap the small gaseous 

molecules as CO2 into channel-like structure and conversed into more benefits substances. 

For example, the Zn complexes like [Zn(bpp)(pca)(MeOH)]ClO4, bpp = 1,3-bis(4-

pyridyl)propane, prepared by construct cage-like nanostructure composing pyrazine-2-
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carboxylate used as linker; because of its potential multidentate coordination ability. That 

facilitates the catching of CO2 molecule and converted to organic derivatives. [269]  

 [Cu2(2-pac)2(4,4’-bpy)2].7H2O compound, 4,4’-bpy = 4,4'-bipyridine, is also used 

to understand the interactions among water clusters as they contributed in the stability of 

the crystal host. [306] Beside to that, the studies on [M(2-PCA)2(H2O)2] complex, where 

2-PCA is a pyrazine-2-carboxylic acid ligand, show that the five membered chelate ring 

has a significant role in the stabilization of the aromatic system in the complexes. [307] 

Pyrazinecarboxylic acid and its derivatives have essential role in biological 

properties as antimicrobial, antifungal and mimic the metal sites in enzymes. [211, 307]  

 

3.3.1 Infrared Spectroscopy 

3.3.1.1 2,2'-dipyridylamine (dipyam) ligand 

The infrared absorption frequencies obtained for the 2,2'-dipyridylamine are listed in 

(table 3.9), and spectra are given in (fig. 3.15) 

 

Table 3.9: Infrared frequencies (cm-1) data for the 2,2'-dipyridylamine ligand and 

assignments.[168a, 297, 308, 319]  
 
Assignment Frequencies (cm-1) 

υN–H 3252(w), 3684(w), 3663(w) 

υC–H 3178(w), 3101(w), 2988(m), 2901(m), 1146(m), 

1076(m), 1049(m), 910(m), 880(m), 858(m) 

υCC,CN 1591(s), 1564(s), 1529(s), 1477(s), 1478, 1459(s), 

1432(vs), 1414(vs), 1340(s), 1310(s), 1229(s) 

αCCC 621(m), 762(vs), 672(m), 593(m) 

Ring breathing 991(s) 

Фring 732(s), 520(s) 
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3.3.1.2 Infrared spectroscopy for [Cu(dipyam)(H2O)(pca)]ClO4 

The infrared absorption frequencies obtained for [Cu(dipyam)(H2O)(pca)]ClO4 complex 

via its spectra (fig.3.16), and the infrared absorption frequencies for 2-pyrazinecarboxylate 

ligand are got from (table 3.10). 

 

 

Table 3.10: Infrared frequencies (cm-1) data for the 2-pyrazinecarboxylate ligand and 

assignments. [212] 

Assignment Frequencies (cm-1) 

v(CH)ar 3066vw, 3068w, 3011vw, 2934vw 

v(COO-)ar  1616vs, 1384vs, 1619vs, 1381 vs 

v(CC)ar, v(CN)ar 1575vw, 1527m, 1185s, 1163s, 1571s, 1520w, 1180sh, 1157m 

v(CC)ar, v(CN)ar, β(CH)ar  1483m 1422s, 1293w, 1055s, 1464w, 1405s, 1245 w, 1051m   

β(CH)ar 1030s, 1018m 

β(COO-) 855m, 538 w, 848 m, 517w 

γ(COO-) 807m, 795m 

φ(CC)ar, γ(CH)ar 767vw 

α(CCC) 727m, 633m, 734m, 673w 

φ(CC)ar 432m 

γ (CH)ar 990vw 

γ(CH)ar, γ(NH)ar 889m, 874w 

φ(CC)ar 433m 

 

FTIR spectrum for [Cu(dipyam)(H2O)(pca)]ClO4 complex (fig. 3.16) shows the bands of 

2,2'-dipyridylamine ligand was moved to lower or to higher wave number according to 

metal coordination and crystal packing. The very weak bands at 3324, 3262, 3221, 3154 

and 3120 cm-1 which attributed to v(C-H) and v(N-H), the medium peaks at 1591, 1527 

and 1415 cm-1  beside to the strong band in 1482 cm-1 composite to CC and CN vibrations. 

[280a, 309, 310, 314] The coordinated water molecules generally show characteristic peaks 

around 768 cm-1 due to r(H2O) and 659 cm-1 w(H2O). [311] IR spectrum of the complex, 

the bands of 2-pyrazinecarboxylate ligand show a weak band at 2360 cm-1 to v(OH), the 

medium band at 1643 cm-1 for v(C=O), there are two bands for v(CC), v(CN) of aromatic 

ring one is medium at 1591 cm-1 and the other is medium peak at 1527 cm-1 . The v(CC)ar, 

v(CN)ar, β(CH)ar  groups has medium bands at 1415, 1273 and 1234 cm-1. The medium 

band at 1164 cm-1 returns to v(CC)ar, v(CN)ar , and medium  band at 1016 cm-1 β(CH)ar. 

The weak band at 839 cm-1 is for α(CCC) and medium band at 528 cm-1 is for γ(CO), 

γ(OH). [212] The pattern vibration of the perchlorate counter ion shows very strong 

https://areq.net/m/غاما.html
https://areq.net/m/غاما.html
https://areq.net/m/غاما.html
https://areq.net/m/غاما.html
https://areq.net/m/غاما.html
https://areq.net/m/غاما.html
https://areq.net/m/غاما.html
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vibration for Cl–O stretch vibration absorbance at 1072 cm-1 is characteristic of the 

presence of uncoordinated perchlorate, a medium intensity peak at 910 cm-1 owing to ClO4
- 

stretching, and a very strong intensity peak at 619 cm-1  [312 - 314] 
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3.3.2 Thermal analysis: 

The Differential Scanning Calorimetry (DSC) thermal analysis for the 

[Cu(dipyam)(H2O)(pca)]ClO4 complex. The complex was set for heating in the DSC 

instrument at a rate of 5°C/min, from 20 to 450°C in nitrogen gas flowing at a rate of 

25ml/min, and then the cooling was done in the same range. The DSC curve (fig. 3.17) 

displayed an endothermic peak associated with enthalpy of 213.060 J/g at Tmax = 

313.67°C which nearly corresponds to melting point.

 

   Figure 3.17 Differential Scanning Calorimetry (DSC) of [Cu(dipyam)(H2O)(pca)]ClO4     

complex 

 

3.3.3Crystal structure for [Cu(dipyam)(H2O)(pca)]ClO4: 
 

The structure of complex [Cu(dipyam)(H2O)(pca)]ClO4 consists of ,first, Cu(II) 

center, in which it is five coordinated by two nitrogen atoms of 2,2'-dipyridylamine, one 

nitrogen and one oxygen atom of 2-pyrazinecarboxylate ligand, one oxygen atom of 

coordinated water. The perchlorate molecule is a counter ion, as what shown in the figure 

3.18 below: 
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The complex is an ionic structure that comprised chemically identical complex two 

cation [Cu(dipyam)(H2O)(pca)]+ along with two uncoordinated perchlorate anions ClO4
– 

per unit cell. The relative arrangement of the constituents units in the unit cell are shown 

in figure 3.19 
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On one hand, The crystal structure of [Cu(dipyam)(H2O)(pca)]ClO4 complex 

exposed that Cu atom has a distorted square pyramid geometry as what detected from table 

3.11 where the angle between N4-Cu1-O1 is 171.04(6) and it is near to 180, therefore, it 

will be located on axial position. The angle between N1-Cu1-O3 112.64(15) and its value 

near to 150. The angle between N3-Cu1-O3 is 99.79(16) and its value is near to 90. The 

angle between N4-Cu1-O3 89.71(16) and N1-Cu1-O1 is 81.02 which their value also near 

to 90.  

The crystal structure reveals that the Cu atom of the complex has a distorted square 

pyramid. The four equatorial positions are occupied by N1, N3 of dipyam ligand, N4, O1 

of pca ligand. While the axial position is located by O4 atom of coordinated water. The 

bond length of Cu-N (where N is N1, N3, N4) are 2.035 (4), 1.979 (4), 1.960 (4) Å 

respectively, and the bond length of Cu-O (where O is O1, O3) are 1.946 (3), 2.279 (4) Å 

respectively (table 3.12, fig. 3.20a).  

It could be noticed that the distance of Cu-N and Cu-O atoms of pca is less than the 

general distance compared with other studies as [Zn(bpp)(pca)(MeOH)]ClO4 complex, the 
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bond lengths between Zn-N and Zn-O of pca are 2.082 - 2.190 and 2.028 - 2.166 A°. [5, 

14]  Therefore, this results could be used as an evidence for that pca is produced according 

to break the two rings of 2,2'-bipyrazine and CO2 gas reacted with the rings of 2,2'-

bipyrazine to form 2-pyrazine carboxylate. 

 

Figure 3.20a View the distance between the Cu-ligand of the [Cu(dipyam)(H2O)(pca)]ClO4   

            complex according to the X-ray complex. 

 

Table 3.11: Bond angle [deg.] of [Cu(dipyam)(H2O)(pca)]ClO4 complex 

N1—Cu1—N3  146.80 (16) C1—C2—C5  124.7 (4) 

N1—Cu1—N4  95.78 (15) N1—C2—C5  120.1 (4) 

N3—Cu1—N4  91.11 (15) N1—C3—C4  116.2 (5) 

N1—Cu1—O1  81.02 (15) C3—C4—N2  127.8 (5) 

N3—Cu1—O1  96.13 (15) C2—C5—N2  121.6 (5) 

N4—Cu1—O1  171.04 (16) N3—C6—C7  121.0 (5) 

N1—Cu1—O3  112.64 (15) C6—C7—C8  119.0 (5) 

N3—Cu1—O3  99.79 (16) C7—C8—C9  120.5 (4) 

N4—Cu1—O3  89.71 (16) C8—C9—C10  116.8 (4) 

O1—Cu1—O3  83.87 (16) C9—C10—N5  115.4 (4) 

Cu1—N1—C2  111.3 (3) C9—C10—N3  123.4 (4) 

Cu1—N1—C3  128.5 (3) N5—C10—N3  121.2 (4) 

C2—N1—C3  119.5 (4) N5—C11—N4  121.4 (4) 
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C4—N2—C5  114.6 (5) N5—C11—C12  113.6 (5) 

Cu1—N3—C6  115.9 (3) N4—C11—C12  125.0 (5) 

Cu1—N3—C10  124.6 (3) C11—C12—C13  114.9 (5) 

C6—N3—C10  119.1 (4) C12—C13—C14  118.4 (5) 

Cu1—N4—C11  127.4 (3) C13—C14—C15  118.9 (6) 

Cu1—N4—C15  113.9 (3) N4—C15—C14  123.8 (6) 

C11—N4—C15  118.6 (4) O7—Cl1—O6  110.9 (4) 

C10—N5—C11  128.8 (4) O7—Cl1—O4  117.8 (4) 

Cu1—O1—C1  117.6 (3) O6—Cl1—O4  107.2 (4) 

O1—C1—O2  127.1 (5) O7—Cl1—O5  100.9 (4) 

O1—C1—C2  114.0 (4) O6—Cl1—O5  104.8 (4) 

O2—C1—C2  118.9 (4) O4—Cl1—O5  114.6 (4) 

C1—C2—N1  115.1 (4)   

 

Table 3.12: Bond length [A°] of [Cu(dipyam)(H2O)(pca)]ClO4 complex 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The distortion of the polyhedron is obviously observable and confirmed by the 

values of the Trigonality  and tetragonality T5, respectively, (table 3.11, fig. 3.20b). The 

reason of distortion returns to non-planarity of 2,2'-dipyridylamine ligand which is formed 

six membered ring with metal center and the formation of the 2-pyrazinecarboxylate five 

 
2 The tetragonality T5 is determined based on the M-ligand bond lengths. T5 = (mean in-plane distance M-L)/(mean 

out-of-plane distance M-L). [301(a,c)] 

Atom 1 Atom 2 Length Atom 1 Atom 2 Length  

Cu1 N1 2.035 (4) O2 Cl 1.225 (6) 

Cu1 N3 1.979 (4) O4 C11 1.405 (7) 

Cu1 N4 1.960 (4) O5 C11 1.398 (7) 

Cu1 O1 1.946 (3) O6 C11 1.427 (6) 

Cu1 O3 2.279 (4) O7 C11 1.429 (6) 

N1 C2 1.326 (6) C1 C2 1.506 (6) 

N1 C3 1.326 (6) C2 C5 1.424 (7) 

N2 C4 1.303 (8) C3 C4 1.383 (8) 

N2 C5 1.303 (8) C6 C7 1.359 (7) 
N3 C6 1.401 (6) C7 C8 1.476 (8) 
N3 C10 1.343 (6) C8  C9 1.355 (8) 
N4 C11 1.300 (6) C9 C10 1.445 (7) 
N4 C15 1.355 (7) C11  C12 1.354 (7) 
N5 C10 1.408 (6) C12  C13 1.504 (9) 
N5 C11 1.366 (6) C13  C14 1.365 (10) 
O1 C1 1.254 (6) C14  C15 1.337 (8) 

Trigonality index,     0.404 
2Tetragonality, T5         0.870        
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membered ring which is more demanding when coordinating. [301(a-c)] In other words, 

the non-planarity of 2,2'-dipyridylamine ligand returns to that the angle of N3-Cu-O3 angle 

is not 90 and N4-Cu-O3 angle is not 90. The angle for N3-Cu1-N1 and N4-Cu-O1 are not 

180 because one of the 2,2'-bipyrazine rings broke and become five membered ring.     
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Figure 3.20b View the angles between the Cu-ligand of the [Cu(dipyam)(pca)(H2O)]ClO4   

  complex, (a) the angle between N4-Cu1-O1 (b) the angle between the N- 

  Cu1-O3 (c) the angle between N4-Cu1-O3 (d) the angle between N3-Cu1- 

  O3 (e) the angle between N1-Cu1-O1 

 

The hydrogen bond are formed according to nitrogen and oxygen atoms of 

perchlorate ions and 2-pyrazinecarboxylate ligand, as what figure 3.21 showed. 
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The table 3.13 below shows the corresponding D-H, H···A and D···A bond 

distances and D−H···A bond angles, where D: donor, A: accepter. As what the table shown, 

the following atoms act as hydrogen bond acceptor, including, first, nitrogen and oxygen 

atoms of 2-pyrazinecarboxylate ligand [C5—H111···N2iv], [O3—H21···O2i] and [C9—

H161···O2v]. Second, the oxygen atoms of perchlorate [O3—H24···O6ii] and [C4—

H91···O5iii] 

 

      Table 3.13: Hydrogen geometry (Å, º) of [Cu(dipyam)(H2O)(pca)]ClO4 complex 

 

 

 

 

 

 

 

The complex cations are connected and formed network structure through binding with 

perchlorate anions via O—H•••O close contacts and C—H•••O hydrogen bonds. Beside to 

2-pyrazinecarboxylate ligand links through C—H•••N and C—O•••H with other cation unit 

as what shown in the figure 3.22 below  

D—H···A D—H 

(A°) 

H···A 

(A°) 

D···A 

(A°) 

D—H···A 

(°) 

O3—H21···O2i 0.83 2.24 3.020 (9) 156 

O3—H24···O6ii 0.83 2.27 2.986 (9) 144 

C4—H91···O5iii 0.92 2.54 3.386 (9) 153 

C5—H111···N2iv 0.94 2.54 3.206 (9) 128 

C9—H161···O2v  0.93 2.59 3.353 (9) 140 

N5—H181···O2v 0.87 2.15 3.002 (9) 166 
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In addition, the crystal packing of the [Cu(dipyam)(H2O)(pca)]ClO4 complex are 

fixed closed to each other by π–π stacking interactions between 2-pyrazincarboxylate 

ligand at 3.635 - 3.812 A° and between the 2,2'-dipyridylamine ligand at 4.002 A° (fig. 

3.23). The forming of 3D sheets are resulted due to hydrogen bond, the π•••π and/or C-

H•••π interactions. [242, 261, 266] 
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Figure 3.23    View the distance of π-π interaction 2-pyrazincarboxylate ligand at 3.635-    

                        3.812 A° and between the 2,2'-dipyridylamine ligand at 4.002 A° in the    

                         [Cu(dipyam)(H2O)(pca)]ClO4 complex 

 

The units of sheets also connected via weak interaction between N atom and C-H 

group of 2-pyrazinecarboxylate ligand of other sheet with distance value 2.540 A° (fig. 

3.24) and the distance between the NH group of 2,2'-dipyridylamine ligand and OH group 

of 2-pyrazinecarboxylate ring in adjacent structure unit is 2.585 A° and between the NH 

group of 2,2'-dipyridylamine ligand and oxygen (O3) of coordinated water is 2.618 A° (fig. 

3.25) which are in the normal range of the weak interactions. [211, 253, 315-318] 
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Figure 3.24   View the weak interaction between N atom & C-H group of pca ligand of                

other sheet with distance 2.54 A ° in the [Cu(dipyam)(H2O)(pca)]ClO4 complex. 

 

Figure 3.25 View the weak interaction between the NH group of  2,2'-dipyridylamine 

ligand and OH group of 2-pyrazine carboxylate ring in adjacent structure unit is 2.585 A° 

and between the NH group of 2,2'-dipyridylamine ligand and oxygen (O3) of coordinated 

water is 2.618 A° in the [Cu(dipyam)(H2O)(pca)]ClO4 complex. 
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3.3.4 Cleavage of 2,2'-bipyrazine Ring 

The assumed suggestion expected to prepare the complex in which its formula is 

[Cu(dipyam)(bpz)](ClO4)2, however, the produced compound’s formula is 

[Cu(dipyam)(H2O)(pca)]ClO4, where pca is 2-pyrazinecarboxylate ligand which does not 

use during synthesis process.  

The unsaturated heterocycles could undergo aromatic substitution on reaction with 

electrophiles.[319] This merit considered as encouraged step for developing a new 

proposing on dearomatization of six-membered N-heterocycles hypothesis (methodology 

for their C-N / C-C bond cleavage), especially this kind of cleavage is relatively rare.  [320] 

Also, it will provide new routes for synthesis new functionalized molecules exist in 

numerous natural and pharmaceuticals products. [321] 

The supposed mechanism for the reaction of [Cu(dipyam)(H2O)(pca)]ClO4 

complex is that the nucleophile attack the ligand by OH- or H2O takes place. A 

decomposition caused for the bpz ligand during the preparation of complex, in which its 

supposed molecular formula was [Cu(dipyam)(bpz)](ClO4)2 when the addition of dipyam 

to the aqueous metal solution, a green solution is obtained after short time at room 

temperature with stirring, followed by appearing a  purple precipitate. This suggested 

explanation is mentioned according to that 2,2'-bipyraizne belongs to pyrazines family, in 

which quaternized pyrazines and pyridazines are also known to form pseudo-bases and 

covalent hydrates in aqueous solution.  [322] 

On one hand, the proposed reaction mechanism using the reaction with OH-/H2O 

for our complex is that first preassociation step, involving anion recognition by Cu complex 

forming an ion pair in solution. The dashed line indicates an interaction happens between 

the Cu complex and the oxygen of H2O. Substitution occurs in step two forming a bond 

between the metal center and the H2O, while simultaneously breaking one of the Cu 

nitrogen bonds resulting in a monodentate bipyrazine ligand (scheme 3.1). [323] 
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In other view, some studies showed that the C-C cleavage could happen according 

to hydrogenolysis process because of existing H2
 (available form atmosphere) and water. 

[324] While, others suggested that the protonation of the carbon of bpz rather than at 

nitrogen, (this process could offer an entry to aromatic C-C bond cleavage), weakening an 

aromatic C-C bond and providing a dihydropyrizyl. This analysis is took in mind the 

detailed examination is done for 2,2'-bipyridine. [321] At least, the open ringing will be 

happened by the rupture of the C-C bond between the pyrazine rings of the bipyrazine 

ligand and so CO2 is catched. [323] 

However, the breakage of the bond would be a high energy process that results to 

the presence of free radical in solution. The mechanism looks unusual, specifically the 

rapid disassociation of the compound in water. [323] [Note: the scheme 3.2 below is just a 

personal suggestion for the mechanism of breaking bond of bpz, where more studies 

showed that this type of broken is rare and unknown explanation].   
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Nevertheless, other inorganic studies on [Ir(bpy)3]
+3 complex supposed description 

in which the complex contain bpy ligands as monodentate and coordinated water molecule. 

[325] Finally, these predicted views take place in recent searches that suggest an amine-

based CO2 capture systems, in which it depends on chemical reactions between CO2 and 

an aqueous amine solution at low temperature and atmospheric pressure. [304a] 

 

3.4 [Cu(bpz)3](ClO4)2.2CH3CN complex 

The [Cu(bpz)3](ClO4)2.2CH3CN complex in this work was produced by distinguish 

approaches, characterized using different methods. It is one of polypyridyl complexes that 

they have special interest in research areas. They mostly utilized in the synthetic 

applications as visible light-absorbing photocatalysts. For example, [Ru(bpz)3]
2+ complex, 

in which is similar to [Cu(bpz)3](ClO4)2.2CH3CN complex, is one of the most useful 

photooxidant that has been shown to be uniquely suited to oxidant-induced phototoxic 

transformations [138d] On one hand, [Ni(bpz)3](ClO4)2.H2O is another similar compound 

that has potential biological applicability such as antiepileptic, anticonvulsant, 

antibacterial, antifungal, antimicrobial, and anticancer/antiproliferative activities. [280a] 

Moreover, [Co(bpy)3]
3+/2+/ [Co(phen)3]

3+/2+ where bpy = 2,2-bipyridine and phen = 1,10-

phenanthroline, redox couples play role as an electron mediator visible-light-driven 

photocatalyst systems. [326] At least, [Ru(bpy)3]
2+ complex also has huge role in various 

areas as  energy storage, hydrogen and oxygen evolution from water, and methane 

production from carbon dioxide. [327] 

 

 

3.4.1 Infrared Spectroscopy 

The infrared absorption frequencies obtained for [Cu(bpz)3](ClO4)2.2CH3CN complex are 

listed in (table 3.14), and spectra are given in (fig. 3.26). 
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Table 3.14: Comparison Infrared frequencies (cm-1) of 2,2'-bipyrazine ligand of 

[Cu(bpz)3](ClO4)2.2CH3CN complex with the free 2,2'-bipyrazine ligand. 

 

[Cu(bpz)3](ClO4)2.2CH3CN Assignment Frequencies (cm-1) for 

2,2'-bipyrazine 

3095m,3078m,3042m, 

2930w and 2850w 

υ C-H 3078vw, 3050vw, 2972s, 

2988s and 2901s 

1637m 1590w and 1526vw υ  1592m, 1564m and 1528m 

1314vs and 1379vs υ  1433m, 1413m, 1394m 

and 1341m and 1311w  

1464m, 1478m δ ring 1460s 

1147vs and 1055vs β ring, breathing 1148s and 1076vs and 

991vs 

1029vs, 1018vs and 845vs ring-H in-plane 

binding vibrations 

1028s, 1018s and 846s and 

813w 

769m out-of-plane ring-H 

bending and τ ring 

881w, 780vw, 756w, 733w  

594vw and 520vw 

1107vs, 1089 vs, 1067vs, 

826s and 621s 

ClO4
- -------------- 
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IR spectrum of the [Cu(bpz)3](ClO4)2.2CH3CN complex was compared with that of the free 

2,2'-bipyrazine ligand (fig. 3.26). The FTIR spectra of 2,2'-bipyrazine have characteristic 

bands which are υ C‒H, υ , υ , δ ring, β ring , ring bending, ring-H in-plane 

binding vibrations, out-of-plane ring-H bending and torsion (τ) ring. The medium bands at 

3095, 3078, 3042 cm-1 and weak bands at 2930 and 2850 cm-1 are related to υ C‒H. The 

medium band at 1637 cm-1, weak band at 1590 and the very weak band at 1526 cm-1 are 

contributed to υ , while the very strong bands at  1314 and 1379 cm-1 correlated to υ 

, and the medium bands at 1464 and 1478 cm-1 vibrations essentially deformed the 

ring. In addition, the very strong bands at 1147 and 1055 cm-1 are installed for β ring, the 

very strong bands at 1029, 1018 and 845 cm-1 are referred to ring-H in-plane binding 

vibrations, whereas the medium band at 769 cm-1 is mostly out-of-plane ring-H bending 

and vibration torsion ring. The medium peak at 3321 cm-1 referred to the intramolecular 

hydrogen bond between bpz ring. Nakamato indicated to that the highest frequencies 

ranges from 3700 – 2500 cm-1; returns to X-H stretching, in which the intramolecular 

hydrogen bonds indicates the presence of exchangeable protons, within nitrogen and 

hydrogen atom of one single molecule. [297]   

The pattern vibration of the perchlorate counter ion displays a very strong sharp 

absorption at 1089 cm-1 and two strong peaks at 826 and 621 cm-1. The vibration of the Cl–

O stretch vibration absorbance at 1107 and 1067 cm-1 is characteristic of the presence of 

uncoordinated perchlorate [280a, 298, 314]  

 

3.4.2 Thermal analysis 

The Differential Scanning Calorimetry (DSC) thermal analysis for the 

[Cu(bpz)3](ClO4)2. 2CH3CN complex were performed using Perkin Elmer DSC 

equipment. Samples bout 6 mg of complex with aluminum pans, nitrogen gas flow and a 

scan rate 5°C/min from 25 up to 350°C, and then the cooling was done in the same range. 

The DSC curve (fig. 3.27) displayed an endothermic peak associated with enthalpy of 

189.898 J/g at Tmax =274.78°C which corresponds to melting point process.  
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 Figure 3.27 Differential Scanning Calorimetry (DSC) of [Cu(bpz)3](ClO4)2.2CH3CN  

 

 

 

3.4.3 Crystal structure for [Cu(bpz)3](ClO4)2.2CH3CN: 
 

The structure of the copper(II) compound is made up of discrete [Cu(bpz)3]
+2 cations, four 

uncoordinated molecules that are two perchlorate anions and two acetonitrile, figure 3.28 

They are bonded through electrostatic interactions, Van der Waals forces and hydrogen 

bonds. There are four molecules per unit cell, as what shown in the figure 3.29 
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Figure 3.28 View the structure of [Cu(bpz)3](ClO4)2.2CH3CN complex, with showing the

           atomic numbering  
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Figure 3.29 a View the structure packing of [Cu(bpz)3](ClO4)2.2CH3CN complex     

     within the unit cell.  

 

 

Figure 3.29 b View a part of unit cell for the [Cu(bpz)3](ClO4)2.2CH3CN complex 



123 
 

 The three bidentate bpz ligands are nearly to form a propeller-like trigonal 

arrangement around the Cu(II) atom. The copper(II) ion is coordinated by six nitrogen 

atoms of three chelating bpz ligands in a distorted octahedral geometry, where the bite 

distance of the ligand is too short to fit identical octahedron. The N41 and N31 in the axial 

positions with distance Cu1-N41 2.290 A°, Cu1-N31 2.330 A° which is longest Cu-N and 

the angle N41-Cu-N31 is 172.6°. Also the largest angle, the N1, N11, N21and N5 at 

equatorial positions forming elongated octahedral geometry. Four distinct CH3CN and 

ClO4
- molecules are present in the crystal lattices. The bonding of N atoms of three bpz 

ligands with the copper metal lead to forming five-member chelate rings, in which the 

distance bond of  Cu-N is range between 2.024(8) – 2.330(10) A° with an average of 2.137 

A° (table 3.15, fig. 3.30( [256, 260, 272, 280(a)] 
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Table 3.15: Bond length [A°] of [Cu(bpz)3](ClO4)2.2CH3CN complex 

 

 

Atom 1 Atom 2 Length  Atom 1 Atom 2 Length  Atom 1 Atom 2 Length  
Cu(1) N(51) 2.024(8) C(23) N(24) 1.323(17) Cl(1) O(11) 1.401(11) 

Cu(1) N(1) 2.044(9) C(23) H(23) 0.9500 Cl(1) O(12) 1.421(9) 

Cu(1) N(21) 2.067(9) N(24) C(25) 1.317(17) Cl(1) O(14) 1.429(10) 

Cu(1) N(11) 2.067(8) C(25) C(26) 1.382(17) Cl(2) O(22') 1.23(3) 

Cu(1) N(41) 
2.290(10) 

C(25) H(25) 0.9500 Cl(2) O(23) 1.27(4) 

Cu(1) N(31) 2.330(10) C(26) H(26) 0.9500 Cl(2) O(24') 1.36(3) 

N(1) C(6) 1.317(14) N(31) C(36) 1.332(15) Cl(2)- O(23') 
1.43(3) 

 

N(1) C(2) 1.356(14) N(31) C(32) 1.336(15) Cl(2)- O(21) 
1.46(2) 

 

C(2) C(3) 1.387(15) C(32) C(33) 
1.383(16) Cl(2)- O(24) 1.51(3) 

C(2) C(12) 1.450(16) C(33) N(34) 1.314(17) Cl(2)- O(22) 1.53(2) 

C(3) N(4) 1.337(17) C(33) H(33) 0.9500 Cl(2)- O(21') 
1.54(5) 

 
C(3) H(3) 0.9500 N(34) C(35) 

1.335(18) N(61)- C(62) 1.14(2) 

N(4) C(5) 1.341(17) C(35) C(36) 
1.376(18) C(62)- C(63) 1.44(3) 

 

C(5) C(6) 1.371(17) C(35) H(35) 0.9500 C(63)- H(63A) 0.9800 

C(5) H(5) 0.9500 C(36) H(36) 0.9500 C(63)- H(63B) 0.9800 

C(6) H(6) 0.9500 N(41) C(46) 
1.330(14) C(63)- H(63C) 0.9800 

N(11) C(16) 1.323(14) N(41) C(42) 1.350(14) N(71)- C(72) 
1.15(3) 

 

N(11) C(12) 1.369(13) C(42) C(43) 1.372(17) C(72)- C(73) 1.42(3) 

C(12) C(13) 1.373(16) C(42) C(52) 1.474(16) C(73)- H(73A) 0.9800 

C(13) N(14) 1.347(16) C(43) N(44) 1.337(17) C(73)- H(73B) 0.9800 

C(13) H(13) 0.9500 C(43) H(43) 0.9500 C(73)- H(73C) 0.9800 

N(14) C(15) 1.335(16) N(44) C(45) 1.318(16)    

C(15) C(16) 1.382(17) C(45) C(46) 
1.403(18)    

C(15) H(15) 0.9500 C(45) H(45) 0.9500    
C(16) H(16) 0.9500 C(46) H(46) 0.9500    
N(21) C(26) 1.318(15) N(51) C(56) 1.342(14)    

N(21) C(22) 1.364(14) N(51) C(52) 1.369(14)    

C(22)- C(23) 1.393(17) C(52) C(53) 1.374(15)    

C(22) C(32) 1.480(16) C(53) N(54) 1.323(16)    

C(15) H(15) 0.9500 C(53) H(53) 0.9500    

C(16) H(16) 0.9500 N(54) C(55) 1.308(16)    

N(21) C(26) 1.318(15) C(55) C(56) 1.398(15)    

N(21) C(22) 1.364(14) C(55) H(55) 0.9500    
C(22) C(23) 1.393(17) C(56) H(56) 0.9500    
C(22) C(32) 1.480(16) Cl(1) O(13) 1.384(12)    
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Beside to that, the distortion of octahedral geometry is confirmed because of the values of 

angles between N atom of bpz ligands and Cu metal (80.32°(3), 76.74°(3) and 75.80°(3))  

for N(11)–Cu–N(1), N(41)–Cu– N(51) and N(21)–Cu–N(31) respectively, (table 3.16, fig. 

3.31) [272] The theoretical study expect a deformation towards the trigonal- prismatic 

geometry for tris(bidentate chelate) compounds, that correspond to angles less than 90° at 

the coordination metal atom. [280a] 

 

    Figure 3.31 View the bite angles between N atom of bpz ligands and Cu metal of  

  [Cu(bpz)3](ClO4)2.2CH3CN complex.  

 

 

 

Table 3.16: Bond angle [deg.] of [Cu(bpz)3](ClO4)2.2CH3CN complex  

N(51)-Cu(1)-N(1) 171.4(4) C(6)-C(5)-H(5) 118.9 

N(51)-Cu(1)-N(21) 90.6(3) N(1)-C(6)-C(5) 121.6(12) 

N(1)-Cu(1)-N(21) 95.5(4) N(1)-C(6)-H(6) 119.2 

N(51)-Cu(1)-N(11) 95.3(3) C(5)-C(6)-H(6) 119.2 
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N(1)-Cu(1)-N(11) 80.3(3) C(16)-N(11)-C(12) 118.1(9) 

N(21)-Cu(1)-N(11) 165.5(4) C(16)-N(11)-Cu(1) 128.6(7) 

N(51)-Cu(1)-N(41) 76.7(3) C(12)-N(11)-Cu(1) 113.2(7) 

N(1)-Cu(1)-N(41) 96.1(3) N(11)-C(12)-C(13) 118.8(11) 

N(21)-Cu(1)-N(41) 100.3(3) N(11)-C(12)-C(2) 115.7(10) 

N(11)-Cu(1)-N(41) 94.1(3) C(13)-C(12)-C(2) 125.5(11) 

N(51)-Cu(1)-N(31) 96.9(3) N(14)-C(13)-C(12) 123.7(11) 

N(1)-Cu(1)-N(31) 90.6(3) N(14)-C(13)-H(13) 118.2 

N(21)-Cu(1)-N(31) 75.8(3) C(12)-C(13)-H(13) 118.2 

N(11)-Cu(1)-N(31) 90.2(3) C(15)-N(14)-C(13) 116.0(10) 

N(41)-Cu(1)-N(31) 172.6(3) N(14)-C(15)-C(16) 121.7(11) 

C(6)-N(1)-C(2) 118.7(10) N(14)-C(15)-H(15) 119.1 

C(6)-N(1)-Cu(1) 127.1(8) C(16)-C(15)-H(15) 119.1 

C(2)-N(1)-Cu(1) 114.0(7) N(11)-C(16)-C(15) 121.7(11) 

N(1)-C(2)-C(3) 118.3(10) N(11)-C(16)-H(16) 119.2 

N(1)-C(2)-C(12) 116.6(9) C(15)-C(16)-H(16) 119.2 

C(3)-C(2)-C(12) 125.1(10) C(26)-N(21)-C(22) 118.6(10) 

N(4)-C(3)-C(2) 123.7(12) C(26)-N(21)-Cu(1) 123.3(8) 

N(4)-C(3)-H(3) 118.1 C(22)-N(21)-Cu(1) 118.0(8) 

C(2)-C(3)-H(3) 118.1 N(21)-C(22)-C(23) 117.3(11) 

C(3)-N(4)-C(5) 115.6(11) N(21)-C(22)-C(32) 118.3(10) 

N(4)-C(5)-C(6) 122.1(12) C(23)-C(22)-C(32) 124.3(11) 

N(4)-C(5)-H(5) 118.9 N(24)-C(23)-C(22) 124.7(12) 

 

The Cu-N bond length indicated to that Cu(II) atom is displaced from the central 

of the octahedral, the coordination environment has some kind of flexible and could be fit 

within certain limits to suit packing requirements, the (Cu-N31) is the longest bond 

distance 2.330 A°, that may the reason for that returned to Jahn-teller effect and maybe the 

bite distance of the ligand or the ligand is pushed away as a result of existing of ClO4 and 

CH3CN counter ions neighboring to the complex. [280a, 328] 

There are different hydrogen bonds are formed between atoms (fig. 3.32), where 

there are hydrogen bond between hydrogen atoms of acetonitrile and nitrogen atom of bpz 

ligands which are [3.591 A° for C73—H73A…N4] and [3.538 A° for C63—H63B…N44].  
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 Moreover, according to table 3.17, there are two hydrogen bonds made up between 

the oxygen atoms of perchlorate molecules and hydrogen atom of bpz ligands, first, the 

hydrogen bond is between [2.917 A° for C56—H56…O13], [3.232 A° for C36—

H36…O14] and between [2.977 A° for C26—H26…O11]. Second, hydrogen bond is 

between [3.334 A° for C33—H33…O13], [3.411 A° for C23—H23…O11], [3.384 A° for 

C15—H15…O21], [3.470 A° for C45—H45…O22] and between [3.473 A° for C3—

H3…O12]. Furthermore, returned to table 3.17, another hydrogen bond formed between 

hydrogen atom of acetonitrile and oxygen atom of perchlorate [3.177 A° for C63—

H63C…O22] and [3.605 A° for C73—H73B…O23]. At least, the interaction of the C-H of 

bpz with O atom of ClO4 could display a Van Deer Waal force. [280a] 

On one hand, based on table 3.17, it could be noticed that there are different types 

of hydrogen bonds depend on the bond angles. The majority of hydrogen bonds between 

atoms classified as moderate hydrogen bond because the values of bond angles ranged 

between. While, there are weak and moderate hydrogen bonds between the hydrogen atoms 

of bpz ligand and oxygen atoms of perchlorate, which are [169.25° C3—H3…O12 (nearly 

to be strong)] and [96.48° C56—H56…O13 (weak)] [280(l)] 

Table 3.17: Hydrogen geometry (Å, º) of [Cu(bpz)3](ClO4)2.2CH3CN complex 

 

 

 

 

 

 

 

 

 

D—H···A D—H 

(A°) 

H···A 

(A°) 

D···A 

(A°) 

D—H···A 

(°) 

C73—H73A…N4 0.978 2.693  3.591 152.80  

C3—H3…O12  0.951 2.535 3.473 169.25  

C36—H36…O14  0.949 2.608 3.232 123.69  

C26—H26…N14 0.951 2.533 3.318 139.94  

C15—H15…O21   0.950 2.658 3.384 133.64  

C46—H46…N54  0.950 2.387 3.222 146.52  

C45—H45…O22   0.951 2.705 3.470 138.68  

C63—H63B…N44  0980 2.587 3.538 163.82  

C56—H56…N34  0.950 2.481 3.263 139.64   

C26—H26…O11  0.951 2.506 2.977 110.61   

C6—H6…N24   0.950 2.502 3.225 132.96    

C23—H23…O11   0.950 2.586 3.411 145.41    

C33—H33…O13  0.951 2.509 3.334 145.26    

C56—H56…O13   0.950 2.653 2.917 96.48    

C73—H73B…O23    0.981 2.638 3.605 168.28    

C63—H63C…O22  0.980 2.327 3.177 144.64     
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Figure 3.32 View the inter-interaction H-bonds of the [Cu(bpz)3](ClO4)2.2CH3CN 
 

On one hand, not only the hydrogen bond contributed in construction of the supramolecular 

in the crystal packing (fig. 3.33), but also the π--π interaction has a role (fig. 3.34); because 

the distance between the aromatic rings, which is larger than 3.0 A°, is an evidence for 

their occurring. ]280(a)] 
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Figure 3.33 View the crystal packing of [Cu(bpz)3](ClO4)2.2CH3CN complex with  

          showing the inter-interaction H-bonds. 
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The packing of the [Cu(bpz)3](ClO4)2.2CH3CN complex is appeared that the polypyrizyl 

ligands are fixed in one set between the bpz ligands with parallel displacement shaped 

interaction, figure 3.35. [280a] 

 

Figure 3.35 View the space-filling packing diagram of [Cu(bpz)3](ClO4)2.2CH3CN 

           complex, showing the interactions of adjacent chains. 
 

According to the comparison between the [Cu(bpz)3](ClO4)2.2CH3CN complex and 

the isomorphous compounds, its ligand bite and M-N distance (its values : 2.137 A°) is the 

highest one. Where the value of M-N distance for the [Ni(bpz)3](ClO4)2.H2O, 

[Fe(bpz)3](ClO4)2.H2O, [Ru(bpz)3](PF6)2 and [Ni(bpy)3](PF6)2 are 2.081, 1.961, 2.051 and 

2.094 A° respectively. Because of Johan-Teller effect on Cu+2 (d9) complex and this is 

confirmed the elongated octahedral geometry.  And because the ligands are similar that 

support to exist the John Teller effect. [138(h), 280(a)]. 

 

 

 



131 
 

3.4.4 Synthesis for [Cu(bpz)3](ClO4)2.2CH3CN complex 
 

While trying to prepare the Cu(II) complex containing 2,2'-bipyrazine and 

tricyclohexylphosphine (C18H33P) ligands by using acetonitrile solvent. The expected 

complex did not get, instead of that, green crystals of tris(2,2'-bipyrazine)copper(II) 

perchlorate, and two molecules of acetonitrile in the lattice. The novel complex has been 

characterized via single-crystal diffraction analysis, IR analysis and thermal analysis. The 

single crystal X-ray diffraction showed that tricyclohexylphosphine (C18H33P) does not 

appear neither coordination and nor uncoordination region. The role of 

tricyclohexylphosphine could be facilitate to bind the tris bpz ligands with Cu(II) metal 

beside to existing of acetonitrile, where when used other solvents as water and methanol 

failed to get [Cu(bpz)3]
+2  complex. 

 

3.5 [Ni(dipyam)2(bpz)](ClO4)2 complex 

Nickel complexes, in general, are gaining huge cared in the bioinorganic research. 

In this regard, nickel compounds have been able to performance as antiepileptic and 

anticonvulsant agents and others possess antibacterial, antifungal, antimicrobial and 

antiproliferative activity. Beside to that, the studies that about DNA–binding explored that 

nickel complexes are considered as a potential alternative to cis–platin [280a, 265] 

The [Ni(dipyam)2(bpz)](ClO4)2 complex in this work may have attention in the 

future researches because it consists bidentate ligands. The idea about bidentate ligands 

that they  have ability to build the supramolecular architectures via covalent bonding or 

hydrogen bonding and π- π interactions in organic-inorganic hybrid molecules since they 

have possibility to utilize as function materials. [167b, 242, 261] 

This expectation is resulted as there are some complexes are similar in their 

structure to the [Ni(dipyam)2(bpz)](ClO4)2 complex, including [Ni(dpa)2(dca)2] [242], 

[Cu(2,2′-dipyridylamine)2(NO3)2] [250], [M(dpa)2(N3)2].H2O, where M= Ni [261], 

[Ni(bz)(dipyam)2](bz).2MeOH complex [266], [Ru(2,2’-bipyridine)2(Hdpa)](BF4)2.2H2O 

complex, where dpa= 2,2'-dipyridylamine, dca = sodium dicyanamide, dipyam= 2,2'-

dipyridylamine, bz= benzilato, Hdpa= 2,2'-dipyridylamine [276]. 
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These resemble complexes have different using. For example, [Cu(2,2′-

dipyridylamine)2(NO3)2] has an efficiency in the DNA cleavage [250], [M(dpa)2(N3)2] . 

H2O acts as luminous materials, in which can be attached to their supramolecular networks, 

[261] and [Ni(dpamH)2(X–salo)]Cl complex and its derivatives are promising to use as 

potential metallo-therapeutic agents (where dpamH= 2,2′–dipyridylamine, and X-salo= 

substituted salicylaldehydes). [265] 

 

3.5.1. Infrared Spectroscopy 

The infrared absorption frequencies obtained for the 2,2'-bipyrazine ligand listed in (table 

3.4), for 2,2'-dipyridylamineare listed in (table 3.9), and for [Ni(dipyam)2(bpz)](ClO4)2 

complex are listed in table 3.18 below,  and spectra are given in figure 3.36. 

 

 

Table 3.18: Infrared frequencies (cm-1) for [Ni(dipyam)2(bpz)](ClO4)2 complex and 

assignments.  

 

[Ni(dipyam)2(bpz)](ClO4)2  Assignment 

3320w, 3246w, 3215w,  υN–H 

3095m, 3042m υ C‒H 

1635m, 1587w, 1528w υ  

 1406s, 1371vs, 1314vs υ  

1477m  δ ring 

1238m β CH 

1148vs β ring 

1018s, 1054vs, 845s ring-H in-plane binding vibrations 

767s, 739s, 537m  out-of-plane ring-H bending and τ ring 

1089vs, 619s, m908, s1106 ClO4
- 
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The IR spectrum of the [Ni(dipyam)2(bpz)](ClO4)2 complex was compared with that of the 

free 2,2'-bipyrazine and 2,2'-dipyridylamine ligands (table. 3.18, fig. 3.15). The bands in 

IR spectra of the complex related of 2,2'-bipyrazine ligand have characteristic bands, 

including medium bands at 3095, 3042 cm-1 related to υ C‒H. The medium band at 1635 

cm-1 and two weak bands at 1587 and 1528 cm-1 contributed to υ , while the strong 

bands at 1406, 1371 and 1314 cm-1 correlated to υ , and the medium band at 1477 

cm-1
 vibrations essentially deformed the ring. In addition, the medium band at 1238 cm-1 

related to β CH, while the very strong band at 1148 cm-1
 related to β ring. The strong bands 

at 1018 and 845 cm-1 and the very strong band at 1054 cm-1 are referred to ring-H in-plane 

binding vibrations. Whereas the medium band at 537 cm-1 and strong bands at 767 and 739 

cm-1 are mostly out-of-plane ring-H bending and vibration torsion ring. Also, in the IR 

spectrum of the complex, the bands related to 2,2'-dipyridylamine ligand was moved to 

lower or to higher wavenumber according to metal coordination and crystal packing. 

Where, the medium bands at 3246 and 3215 cm-1assigned to N-H stretching [280a, 

309,310]. The pattern vibration of the perchlorate counter ion displays a very strong sharp 

absorption at 1089 cm-1, strong peak at 619 cm-1
 and a medium intensity peak at 908 cm-1. 

The vibration of the Cl–O stretch vibration absorbance at 1106 cm-1 is characteristic of the 

presence of uncoordinated perchlorate. [280a, 298, 312-314]  

 

 

3.5.2 Crystal structure for [Ni(dipyam)2(bpz)](ClO4)2: 
 

The structure of complex [Ni(dipyam)2(bpz)](ClO4)2 consists of ,first, Ni(II) center, 

in which it is hexacoordinated by two nitrogen atoms of 2,2'-bipyrazine ligand, and four 

nitrogen atoms of two 2,2'-dipyridylamine ligands. The two perchlorate ions are a counter 

ion, as what shown in the figure 3.37 below: 
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Figure 3.37 The ball and stick model represents the structure of the [Ni(dipyam)2(bpz)]-      

          (ClO4)2 complex with the atom numbering. 

 

Since the complex is an ionic structure that comprised chemically identical complex 

cation [Ni(dipyam)2(bpz)]2+ and two uncoordinated perchlorate anions ClO4
–, the unit cell 

contains two complete cations with four anions, and four half cations with four anions. The 

relative arrangement of the constituents units in the unit cell are shown in figure 3.38 
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Figure 3.38 View the structure packing of [Ni(dipyam)2(bpz)](ClO4)2 complex within unit 

         

The complex cation possesses a distorted octahedral geometry because of existing 

the three chelate rings binds with Ni(II) metal, including two (dipyam), one 2,2'-bipyrazine 

ligands, each 2,2'-dipyridylamine located at equatorial plane N3 and at axial position N5, 

and bipyrazine ligands located at equatorial positions N1, N1. The geometry is proven via 

value of angles between nitrogen that bonded with Ni(II) metal, including N3i —Ni1—N3 

[89.31 (11)], N5i —Ni1—N3 [91.53 (8)], N1i —Ni1—N5 [88.70 (8)], N5i —Ni1—N5 

[175.22◦ (11)], N3i —Ni1—N1i[175.13 (9)], N1—Ni1—N3 [175.13 (9)]. These values 

deviate from the perfect bond angles of 90◦ and 180◦. The figures 3.39 (a+b) below clarify 

the bond angles [329] and the table 3.19 shows the angle between atoms. 

 

Table 3.19: Bond angle [deg.] of [Ni(dipyam)2(bpz)](ClO4)2 complex 

N3i—Ni1—N5i 85.06 (8) N1—C1—C2 121.8 (3) 

N3i—Ni1—N1i 175.13 (9) C1—C2—N2 121.7 (3) 

N5i—Ni1—N1i 94.98 (8) N2—C3—C4 123.7 (3) 

N3i—Ni1—N1 95.55 (7) C4i—C4—C3 126.07 (19) 

N5i—Ni1—N1 88.70 (8) C4i—C4—N1 116.12 (14) 

N1i—Ni1—N1 79.58 (12) C3—C4—N1 117.8 (3) 

N3i—Ni1—N3 89.31 (11) N3—C5—C6 126.1 (3) 
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N5i—Ni1—N3 91.53 (8) C5—C6—C7 114.6 (3) 

N1i—Ni1—N3 95.55 (7) C6—C7—C8 122.3 (3) 

N1—Ni1—N3 175.13 (9) C7—C8—C9 117.1 (3) 

N3i—Ni1—N5 91.53 (8) C8—C9—N4 116.2 (2) 

N5i—Ni1—N5 175.22 (11) C8—C9—N3 123.2 (3) 

N1i—Ni1—N5 88.70 (8) N4—C9—N3 120.6 (2) 

N1—Ni1—N5 94.98 (8) N4—C10—N5 120.2 (2) 

N3—Ni1—N5 85.06 (8) N4—C10—C11 118.1 (2) 

Ni1—N1—C1 128.23 (17) N5—C10—C11 121.7 (3) 

Ni1—N1—C4 114.05 (17) C10—C11—C12 119.4 (3) 

C1—N1—C4 117.7 (2) C11—C12—C13 121.1 (3) 

C2—N2—C3 117.1 (3) C12—C13—C14 117.1 (3) 

Ni1—N3—C5 119.42 (18) C13—C14—N5 124.6 (3) 

Ni1—N3—C9 120.96 (17) O4—Cl1—O1 102.7 (3) 

C5—N3—C9 116.2 (2) O4—Cl1—O2 105.5 (3) 

C9—N4—C10 129.4 (2) O1—Cl1—O2 109.2 (3) 

Ni1—N5—C10 122.74 (17) O4—Cl1—O3 119.8 (3) 

Ni1—N5—C14 121.31 (17) O1—Cl1—O3 110.0 (3) 

C10—N5—C14 115.8 (2) O2—Cl1—O3 109.2 (3) 

 

 

Figure 3.39a The angles between N atoms of ligands & Ni metal of [Ni(dipyam)2(bpz)]-  

            (ClO4)2 complex according to the X-ray complex 
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Figure 3.39b View the value of angles between nitrogen that bonded with Ni(II) metal  

             of [Ni(dipyam)2(bpz)](ClO4)2 complex, color used to distinguish between  

  them. 

 

They involve bite angle [N3i—Ni1—N5i] of 85.06° (table 3.20, fig. 3.40(a+b)), 

slightly less than 90°. This reflect the degrees of distortion from the perfect octahedral 

geometry. [261] The N(3i) … N(5i) bite distances 2.826 °A (fig. 3.40(a+b)) are remarkably 

raised with respect to the bite value of the uncoordinated 2,2'-dipyridylamine (2.6 °A) 

which assessed by A. N. Chernyshev et al. [280a+o)] 

 

 

 

 

 

 

 



139 
 

 

                  

Figure 3.40a View the bite distance and the bite angles between N atoms of ligands & Ni                                  

           metal of [Ni(dipyam)2(bpz)](ClO4)2  complex according to the X-ray. 
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Figure 3.40b View the value of bite angle between N3i—Ni1—N5i and bite distance  

  between N(3i)…N(5i) of [Ni(dipyam)2(bpz)](ClO4)2 complex. 

 

The distance between Ni metal and nitrogen atoms range between 2.081 – 2.093A˚. 

The dipyam ligands binds Ni metal via the two pyridine ends without losing the dissociable 

proton on N4 atom. The Ni–dipyam bond distances are very similar to those observed in 

other dipyam complexes. [276, 329] The Ni-N bond distances (table 3.20, fig. 3.41) are 

2.088 and 2.093 A ° for Ni—N5, Ni—N3 respectively, which are so similar to the dpa 

analogous complexes with Ni-N systems.  [167b, 242, 261, 280(a, m), 309] 

 

Table 3.20: Bond length [A°] of [Ni(dipyam)2(bpz)](ClO4)2 complex 

 

Atom 1 Atom 2 Length  Atom 1 Atom 2 Length  

Ni1 N3i 2.093 (2) O1 Cl1 1.355 (4) 

Ni1 N5i 2.0881 (19) O2 Cl1 1.352 (4) 

Ni1 N1i 2.081 (2) O3 Cl1 1.283 (4) 
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Ni1 N1 2.081 (2) O4 Cl1 1.374 (4) 

Ni1 N3 2.093 (2) C1 C2 1.379 (4) 

Ni1 N5 2.0881 (19) C3 C4 1.393 (4) 

N1 C1 1.309 (3) C4 C4i 1.466 (5) 

N1 C4 1.360 (3) C5 C6 1.361 (4) 

N2 C2 1.301 (4) C6 C7 1.370 (4) 

N2 C3 1.302 (4) C7 C8 1.351 (4) 

N3 C5 1.340 (3) C8 C9 1.394 (4) 

N3 C9 1.303 (3) C10 C11 1.390 (4) 

N4 C9 1.371 (3) C11 C12 1.305 (4) 

N4 C10 1.370 (3) C12 C13 1.346 (4) 

N5 C10 1.329 (3) C13 C14 1.359 (4) 

N5 C14 1.331 (3)    

 

 

Figure 3.41 View the distance between Ni metal and nitrogen ligands of     

           [Ni(dipyam)2(bpz)](ClO4)2 complex. 
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The perchlorate anions link the complex cations to form a chain structure through N— 

H•••O close contacts and C—H•••O hydrogen bonds of 2,2'-dipyridylamine, beside to 2,2'-

bipyrazine ligand binds through C—H•••N as what shown in the figure 3.42 and 3.43 below  

 

Figure 3.42 View the inter-interaction H-bonds of the [Ni(dipyam)2(bpz)](ClO4)2 

complex 
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Figure 3.43 View the crystal packing of [Ni(dipyam)2(bpz)](ClO4)2 complex with  

          showing the inter-interaction H-bonds. 

 

The table 3.21 below displays the corresponding D-H, H···A and D···A bond 

distances and D−H···A bond angles, where D: donor, A: accepter.  

Table 3.21 Hydrogen geometry (Å, º) of [Ni(dipyam)2(bpz)](ClO4)2 complex 

D—H···A D—H H···A D···A D—H···A 

N4—H81···O4ii 0.88 2.11 2.984 (4) 172 

C5ــــH111….O3 0.925 2.607 3.372 140.50 

C7—H131··· N2 0.926 2.749 3.531 142.74 

C12—H51··· N2 0.932 2.633 3.350 134.18 

 

The studies perspective of that O–H_ _ _N hydrogen bonds leads to procedure a 1D 

sheet, the tangled of O–H_ _ _N and N–H_ _ _O hydrogen bonds create the 2D, while 3D 
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formed by face to face π- π and edge to face C—H… π [261] Accordingly, it can be 

concluded to that perchlorate anion acts as bridge with the cations of the complex; to form 

two-dimensional sheet as what the figure 3.44 shown. These sheets linked with others via 

the oxygen atoms of perchlorate with NH and C-H groups of 2,2'-dipyridylamine ligand 

with distance value  2.984 (4) and 3.372A°, and via weak interaction between the nitrogen 

atoms of 2,2'-bipyrazine with C-H groups of 2,2'-dipyridylamine ligand in adjacent 

structure unit with distance value  3.531 and 3.350 A°.  The oxygen atom of perchlorate are 

linked with C-H(dipyam) in weak interactions in distance 2.607A° which are in the normal 

range of the weak interactions. [167b, 242, 261, 280a] 

 

 

Figure 3.44 View that perchlorate anion links with the cations of the [Ni(dipyam)2(bpz)]- 

          (ClO4)2  complex; forming two-dimensional sheet. 

 

On one hand, not only the hydrogen bond contributed in construction of the supramolecular 

in the crystal packing, but also the π•••π and/or C-H•••π interactions that established by 

aromatic rings of pyridyl and pyrazinyl groups from adjacent sheet. [167b, 242, 261, 266] 

Adjacent Ni chains overlapping with others by π–π stacking interactions connecting each 

2,2'-bipyrazine and 2,2'-dipyridylamine ligands at 3.722 - 3.839 A°, closest connection, 

resulting in forming of 3D sheets, as what shown in figure 3.45 
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Figure 3.45 View the distance of π–π stacking interactions connecting each 2,2'-bipyrazine

          and 2,2'-dipyridylamine ligands at 3.722 - 3.839 A°  

 

3.6 [Cu(amp)2(NO3)2] complex 

The complexation of transition metals with 2-(aminomethyl)pyridine ligand (amp) 

has attention in recent time, as they have good magnetic properties, biological activity, and 

structural diversity. They can functionalize as chelating or bridging, in organic and 

inorganic chemistry. Also, they can serve as pro-drugs in medicine filed as anti-tumor, 

antibacterial and anticancer agents. [185c, 192, 330(a-c)] 

By the time, researchers also found that the using different of nitrate forms 

including NO, NO2 and NO3 as ligands in the complexation synthesis either as 

monodentate or bidentate, has an important impact in the applications of compounds.[331] 

The following complexes are evidenced examples about what said above. First, 

[Ni(C6H8N2)3]Cl2.2(H2O) complex, (where C6H8N2 = 2-aminomethylpyridine) in which it 

is a semiconductor and so used in the electronic and optoelectronic applications. [185c, 

192, 330(a-c)] Second, [Ni(ampy)2]
2+complex (where ampy= 2-aminomethylpyridine) 
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used as building block in the forming of metal ion which is coordinated strongly in the 

equatorial plane.[332] Third, [Ni(-ampy)2]3[Fe(CN)6]2•6H2O complex (where ampy= 2-

aminomethylpyrdine) has a critical role in gaining visions in the studies of magneto 

structural correlation of the cyano-bridged hetero-polynuclear compounds. [258] Forth, 

[Cu(NH2CH2CH(R)Y)2(NO3)2] complex (Where R= H, Y=NH2) used as viable precursors 

in the chemical vapor deposition (CVD) and inkjet printing of metallic copper. Current 

modern copper(II) formate ink contains situ copper(II) formate solutions with co-

complexing agents, in which they commonly are amines and their derivatives. [254] 

At least, [Cu(bpy)(NO3)2] (1) and [Cu(L2)NO3] (2) complexes (L=2-tert-butyl-6-

(quinoline-2-ylhydrazonomethyl)pheno) have biological activities as they have ability to 

interact with DNA. The complex (1) used as grove binding agents, and complex (2) 

behaves as efficient DNA binders. [249, 251] In this work a new complex of cupper(II) 

with 2-(aminomethyl)pyridine ligand (amp) which was successfully synthesized at room 

temperature and slow evaporation of solvent. Its structure [Cu(amp)2(NO3)2] was 

confirmed by different technical ways as IR spectroscopy, thermal analysis and X-ray 

diffraction.  

3.6.1 Infrared Spectroscopy 

3.6.1.1 2-(aminomethyl)pyridine ligand 

The infrared absorption frequencies obtained for the 2-(aminomethyl)pyridine are listed 

in (table 3.22), and spectra are given in (fig. 3.46). 

 

Table 3.22: Infrared frequencies (cm-1) for the 2-(aminomethyl)pyridine and assignments. [271, 

332(a-b)] 
Assignment Frequencies (cm-1) 

υ(NH2) 3360 m, 3286m 

υ(CH)alp 3054m, 3008m 

υ(CH2) 2910m, 2847m,     

δ(NH2)  1590vs 

υ(CC) 1568s 

δ(CH2) 1474s, 1434vs 

t(NH2) 1294w 

υ (skeletal) 1149m, 1047m, 994s 

Ip bending in py ring 1074sh 

t(CH2) 881m 

r(CH2), w(NH2) 752vs 

sym str in py ring, 

wagging in NH2  

627m, 596w 
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3.6.1.2 Infrared spectroscopy for [Cu(amp)2(NO3)2] 

Table 3.23: Comparison Infrared frequencies (cm-1) of 2-(aminomethyl)pyridine ligand 

of [Cu(amp)2(NO3)2] complex with the 2-(aminomethyl)pyridine ligand.  

 

[Cu(amp)2(NO3)2]  Assignment Frequencies (cm-1) for  

2-(aminomethyl)pyridine 

3293w, 3216w, 3152w υ(NH2) 3360 m, 3286m 

3042w υ(CH) 3054m, 3008m 

2930vw, 2852vw υ(CH2) 2910m, 2847m    

1636w υ(C=N) 1617sh 

1591w δ(NH2), υ(CC) 1590vs 

1478w, 1464w δ(CH2) 1474s, 1434vs 

1199m, 1181m scissoring in pyridine ring  1191w 

1147s, 1107s, 1089s and 1018s υ(skeletal) 1149m, 1047m, 994s 

1054s Ip bending in py ring 1074w 

845m, 825s t(CH2) 881m 

774m r(CH2), w(NH2) 752vs 

621m sym str in py ring, 

wagging in NH2 

627m, 596w 

 

The IR spectrum of the [Cu(amp)2(NO3)2] complex was compared with that of the 

free 2-(aminomethyl)pyridine ligand (fig. 3.47). The assignments of the most characteristic 

IR bands of 2-(aminomethyl)pyridine ligand are given in the table 3.22 above. The shifting 

of bands to lower or higher wave number because of the coordinated metal or crystal 

packing. [280a]  

The FTIR spectra of 2-(aminomethyl)pyridine ligand has many characteristic bands 

which are υ(NH2), υ(CH), υ(CH2), υ(C=N), δ(NH2), υ(CC), δ(CH2), w(CH2), in plane 

bending of C–H, scissoring in py ring, υ(skeletal), t(CH2), r(CH) in py ring, r(NH2). The 

weak bands and broad absorption bands at 3293 and 3216 cm-1 related to NH2 vibration. 

The weak absorption at 1591 cm-1 for δ(NH2) group at bending out-of-plane. Also, there 

two medium bands at frequency 1199 and 621 cm-1 belongs to scissoring in py ring and 

rocking vibrations for r(NH2), respectively. The weak absorption at 3042 cm-1 is for CH of 

the aromatic pyridine ring. The very weak peaks at 2930 and 2852 cm-1 correspond to CH2 

group of aliphatic chain. The weak peak at 1478 and 1464 cm-1 are for δ(CH2), while the 

w(CH2) has strong peak at 1376 cm-1, the strong intensity at 825 cm-1 and the medium peak 

at 845 cm-1 are referred to t(CH2). The weak peak at 1636 cm-1 related to C=N vibration, 
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and the weak peak at 1525 cm-1 assigned to (CC) vibration. The very strong peak at 1314 

cm-1 related to in plane bending of C-H, while the medium peaks at 1199 and 1181 cm-1 

correspond to scissoring in py ring. The skeletal vibration has strong peaks around 1147, 

1107, 1089, 1054, 1029 and 1018 cm-1. The rocking of C-H in py ring has medium peak at 

774 cm-1.  [233, 258, 332(a-b)]  

The coordinated nitrate molecule has absorption bands at 1525w, 1376s, 1314 and 1029 

cm-1. These values assured that the monodentate coordination mode of the nitrate group. 

The spectra of the complex contain these bands, but not appeared in the spectra of free 

ligand. [244, 250, 331, 333] 
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3.6.2 Thermal analysis 

The Differential Scanning Calorimetry (DSC) thermal analysis for the [Cu(amp)2(NO3)2] 

complex were performed using Perkin Elmer DSC equipment. Samples about 6 mg of 

complex with aluminum pans, nitrogen gas flow and a scan rate 5°C/min from 25 up to 

350°C, and then the cooling was done in the same range. The DSC curve (fig. 3.48) 

displayed an endothermic peak associated with enthalpy of 4.1601 J/g at Tmax = 189.52 °C, 

followed by another endothermic peak associated with enthalpy of 54.3240 J/g at Tmax = 

246.61 °C that expect to melting point process.  

 

       Figure 3.48 Differential Scanning Calorimetry (DSC) of [Cu(amp)2(NO3)2] complex 

 

3.6.3 Crystal structure for [Cu(amp)2(NO3)2] complex: 

 

The structure of complex [Cu(amp)2(NO3)2] consists of Cu(II) center, in which it is six 

coordinated with four nitrogen atoms of 2-(aminomethyl)pyridine ligands, and with two 

oxygen atoms of the coordinated nitrate molecule, as what shown in the figure 3.49 below 

 

 

 

 

 



152 
 

                                 

Figure 3.49   View the structure of [Cu(amp)2(NO3)2] complex, with showing the atomic     

  numbering 

 

There are four half molecules of [Cu(amp)2(NO3)2] complex per unit cell, as what 

shown in the figure 3.50 below. They are bonded through electrostatic interactions, Van 

der Waals forces and hydrogen bonds. 

                             

Figure 3.50 View the structure packing of [Cu(amp)2(NO3)2] complex within unit cell. 

 

The N1, N2, N1'and N2'atoms are surrounded the Cu metal and formed a coplanar. The 

bond angles within the ‘plane’ are so significant from each other. That leads to shape a 
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distorted octahedron with N1-Cu-N2 is 81.86 (6)° and N1'-Cu-N2 is 98.14 (7)° as what 

shown in figure 3.51. The angle of other bonds are near to predicted angles of octahedral 

geometry.  [332], and the same as the other coordinated amp ligand, N1'—Cu1—N2 is 

98.14 (6)° and N1 —Cu1—N2   is 81.86 (6)°  

 

Figure 3.51 View the angles between N1-Cu-N2 & N1-Cu- N2'of the [Cu(amp)2- 

          (NO3)2] complex according to the X-ray complex.             

       
As what mentioned above, the nitrate molecules act as monodentate ligand with a Cu-

O1,Cu-O2 distances of 2.5790 A° which is closed to distance between Zn, Ni and oxygen 

of nitrate (Zn(1)-O(2)) of 2.051 A°) [268], ((Ni –O) is 2.1665 A°) [258] and that ideal for 
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monodentate nitrate. The bond distances of cupper-nitrogens: one of pyridine is 2.022 A° 

and other of imino is 1.995 A° (fig. 3.52). These values are considered normal according 

to comparing with [Ni(ampy)2(NO3)2] complex and [Zn(SALAMP)(NO3)]2 complex, 

where SALAMP is 2-[[(2-pyridinylmethyl)amino]methyl]phenol. [258, 268] 

 

 

Figure 3.52 View the distance between the Cu-amp ligand of the [Cu(amp)2- 

                     (NO3)2] complex according to the X-ray  
 

The crystal structure of [Cu(amp)2(NO3)2] complex exposed that Cu(II) atom has distorted 

octahedral coordination geometry, because of four chelating ligands bind with Cu(II) 

metal, including two 2-(aminomethyl)pyridine (amp) located at equatorial plane, while two 
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coordinated nitrate molecules occupied the axial plane. The geometry is confirmed via 

value of angles between nitrogen and oxygen atoms that bonded with Cu(II) metal, 

including N2-Cu-N1 [81.86 (6)], N1-Cu-O1 [90.66 (6)], N2'-Cu-O1'[92.85 (6)], O1-Cu-

O1' [179.996], N2-Cu-N2' [179.994], N1-Cu-N1' [179.994]. These values are less deviated 

from the perfect bond angles of 90◦ and 180◦. The figures below clarify the bond angles 

(fig. 3.53a and fig. 3.53b) [261, 329] and the table 3.24 shows the angle between atoms. 

 

          Table 3.24: Bond angle [deg.] of [Cu(amp)2(NO3)2] complex 

O1i —Cu1—N1i 90.66 (6) Cu1—N1—C5 113.52 (13) 

O1i —Cu1—N2i 92.85 (7) C1—N1—C5 118.82 (17) 

N1i —Cu1—N2i 81.86 (6) Cu1—N2—C6 109.63 (12) 

O1i —Cu1—N1 89.34 (6) O1—N3—O2 119.63 (19) 

N1i —Cu1—N1 179.994 O1—N3—O3 120.10 (19) 

N2i —Cu1—N1 98.14 (7) O2—N3—O3 120.3 (2) 

O1i —Cu1—N2 87.15 (7) Cu1—O1—N3 123.08 (13) 

N1i —Cu1—N2 98.14 (6) N1—C1—C2 122.0 (2) 

N2i —Cu1—N2 179.994 C1—C2—C3 119.0 (2) 

N1—Cu1—N2 81.86 (6) C2—C3—C4 119.1 (2) 

O1i —Cu1—O1 179.996 C3—C4—C5 119.4 (2) 

N1i —Cu1—O1 89.34 (6) C4—C5—N1 121.57 (19) 

N2i —Cu1—O1 87.15 (6) C4—C5—C6 122.44 (19) 

N1—Cu1—O1 90.66 (6) N1—C5—C6 116.00 (17) 

N2—Cu1—O1 92.85 (6) C5—C6—N2 110.27 (17) 

Cu1—N1—C1 127.64 (14)   
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Figure 3.53a The angles between N and O atoms of the ligands and Cu metal of   

                        [Cu(amp)2(NO3)2] complex according to the X-ray complex. 
 

The distortion geometry of the complex originated from the short bite angle of amp 

ligands [N1i—Cu1—N2i] which is 81.86 (6)° (fig. 3.55, table 3.24), slightly less than 90°. 

[261, 329] The distance between Cu metal and nitrogen atoms range between 1.955 – 2.022 

A˚ (table 3.25, fig. 3.54). The amp ligands via the pyridine end and imino end. The Cu-

amp bond distances are very similar to those observed in other amp ligands. [185c, 192, 

330(a-c)]  
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Figure 3.53b View the values of angles between nitrogen that bonded with Cu(II) metal  

of [Cu(amp)2(NO3)2] complex, the color used to distinguish between them. 

 

Figure 3.54 View the bite distance and the bite angles between N atoms of ligands and  

          Cu metal of [Cu(amp)2(NO3)2] complex according to the X-ray complex. 
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Table 3.25: Bond length [A°] of [Cu(amp)2(NO3)2] complex 

 

 

 

 

 

 

 

 

 

The crystal packing is stabilized by C-H…O and N-H…O hydrogen bonds between 

the pyridine and amino groups of amp ligand with the oxygen atoms of coordinated nitrate 

molecule as what shown in figure 3.55 and figure 3.56 below.                                                                                                                             

 
  Figure 3.55 View the inter-interaction H-bonds of the [Cu(amp)2(NO3)2] complex  
 

Atom 1 Atom 2 Length  Atom 1 Atom 2 Length  

Cu1 O1i 2.5790 (18) N3 O1 1.251 (2) 

Cu1 N1i 2.0219 (16) N3 O2 1.243 (2) 

Cu1 N2i 1.9951 (16) N3 O3 1.221 (3) 

Cu1 N1 2.0219 (16) C1 C2 1.379 (3) 

Cu1 N2 1.9951 (16) C2 C3 1.379 (3) 

Cu1 O1 2.5790 (18) C3 C4 1.372 (3) 

N1 C1 1.346 (2) C4 C5 1.387 (3) 

N1 C5 1.339 (3) C5 C6 1.498 (3) 

N2 C6 1.473 (3)    
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Figure 3.56 View the crystal packing of [Cu(amp)2(NO3)2] complex with showing the  

                      inter-interaction H-bonds. 

                     

Hydrogen bonding interactions lead to create a two-dimensional network structure 

through combination of C–H_ _ _O and N–H_ _ _O, where the NH2 group of the amp ligand 

participate in intermolecular hydrogen bonding with the oxygen atom of nitrate ligand of 

adjacent chain with distance value 3.044 (3), 3.070 (3) and 2.999 (3) A° (table 3.26), that 

making one-dimensional chains as shown in fig. 3.57 [233, 261, 318, 326, 329] 

 

The table 3.26 below displays the corresponding D-H, H···A and D···A bond distances 

and D−H···A bond angles, where D: donor, A: accepter.  

 

Table 3.26: Hydrogen geometry (Å, º) of [Cu(amp)2(NO3)2] complex 

D—H···A D—H H···A D···A D—H···A 

C1—H11···O3ii 0.94 2.49 3.233 (3) 135 

C3—H31···O2iii 0.93 2.47 3.212 (3) 137 

N2—H22···O2iv 0.88 2.17 3.044 (3) 171 

N2—H23···O1v 0.85 2.37 3.070 (3) 140 

N2—H23···O2 0.85 2.45 2.999 (3) 123 

 



160 
 

 

 

                 

Figure 3.57 View the distance value of untermolecular hydrogen bonding between NH2   

             group of the amp ligand with the oxygen atom of nitrate ligand of adjacent  

          chain of [Cu(amp)2(NO3)2] complex; forming two-dimensional sheet.  

 

Beside to that, the chains are additionally reinforced by C–H_ _ _O interactions by the CH 

group of the amp ligand with oxygen atom of nitrate ligand of adjacent chain with distance 

value 3.233 (3) and  3.212 (3) A° as shown in (table 3.26, fig. 3.58) [233, 261, 318, 326, 329]. 
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Figure 3.58 View the distance value of C-H---O interactions by the CH group of the amp 

ligand with oxygen atom of nitrate ligand of adjacent chain [Cu(amp)2(NO3)2] complex. 

 

The most exciting structural merit is existing the π- π stacking interactions, which involving 

the pyridyl moieties of neighboring mononuclear entities. That results to infinite chains 

and weak magnetic interactions arised across π-stacking which noticed in several 

compounds. [258, 261, 329] The π–π stacking interactions connecting by two 2-

(aminomethyl)pyridine (amp) ligand at 3.375 A° resulting in forming of 3D sheets (fig. 

3.59).[185c, 192, 330(a-c)] 

 

 Figure 3.59 View the distance of π–π stacking interactions connecting amp ligand at   

           3.375 A° in the [Cu(amp)2(NO3)2] complex  
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Chapter Four 

 

4.1 Conclusion: 

The work of thesis is conclude to synthesize series of homoleptic and mixed-ligand 

chelates that contain either copper(II) or nickel(II) metal atom with different ligands as 

2,2'-bipyrazine, 2,2'-dipyridylamine, 2-(aminomethyl)pyridine. These compounds are 

characterized based on several techniques as single crystal X-ray diffraction, FTIR 

spectroscopy and thermal analysis (DSC), and characterized in detail of ligands by FTIR 

spectroscopy.  

The ligands were used in this work have huge attention in different applications 

especially biological searches, for example, bonding in DNA, and in architectures studies 

because of their ability to make many different coordination modes and outer nitrogen 

atom.   

This work has been successfully synthesized and characterized of six coordination 

compounds, five of them new complexes which are [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O, 

[Cu(amp)2(NO3)2], [Cu(bpz)3](ClO4)2.2CH3CN, [Cu(dipyam)(H2O)(pca)]ClO4, 

[Ni(dipyam)2(bpz)](ClO4)2 and[Cu(bpz)2(H2O)](NO3)2 complex, where (bpz = 2,2'-

bipyrazine and dipyam = 2,2′-dipyridylamine, amp = 2-(aminomethyl)pyridine, pca =  2-

pyrazine carboxylate).  

Although, all complexes had synthesized and characterized under normal 

laboratory conditions, the copper(II) center metal atom of   [Cu(dipyam)(H2O)(pca)]ClO4 

complex binds with new forming ligand which is 2-pyrazinecarboxylate (pca), this ligand 

was not in the reactant materials but formed during the preparation of complex, in which 

its supposed molecular formula was [Cu(dipyam)(bpz)](ClO4)2.  It mean that, the aim was 

to prepare [Cu(dipyam)(bpz)](ClO4)2, but the product was [Cu(dipyam)(H2O)(pca)]ClO4 

complex.  

The forming of new ligand (pca) will encourage scientists to new methodology for 

C-C / C-N bond cleavage. The proposed forming of this ligand is discussed by hypothesis 

mechanisms. Suggest mechanism is that the ligand is attached by nucleophile, then the ring 

of 2,2'-bipyrazine (bpz) ligand is broken and CO2 gas is catched from atmosphere. The 
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crystal structure of [Cu(dipyam)(H2O)(pca)]ClO4 complex is a novel copper(II) chelates 

with a distorted square pyramid geometry. The Cu(II) center is five coordinated by two 

nitrogen atoms of 2,2'-dipyridylamine, one nitrogen and one oxygen of 2-

pyrazinecarboxylate ligand, one oxygen atom of coordinated water.  The perchlorate anions 

link the complex cations to form a chain structure through O—H•••O close contacts and 

C—H•••O hydrogen bonds. 

The second coordination compound is [(bpz)Cu(OH)(ClO4)(H2O)]2.H2O, in which 

it was synthesized by Abu sharkh. K in 2017. Nevertheless, the distinguish merit in this 

work is the preparation of the complex by new methodology. The geometry description of 

complex is a distorted elongated tetragonal octahedral geometry around each copper ion. 

Also, the structure composed di-μ-hydroxo-copper(II) dimer with 2,2'-bipyrazine as outer 

ligand. The structure of complex formed 2D sheet according to hydrogen bond interactions 

including water molecules and compound, and so the 3D sheet are formed according to 

oxygen atom of perchlorate and π----π interactions of polypyrizyl ligands of other adjacent 

sheets.  

The third coordination compound is [Cu(bpz)3](ClO4)2.2CH3CN, this is an 

unexpected complex, because two mixed ligands: 2,2'-bipyrazine and 

tricyclohexylphosphine(C18H33P) are used during its preparing.  The single crystal X-ray 

diffraction reveals the tricyclohexylphosphine does not exist in the crystal structure. Its 

coordination is a distorted octahedral geometry and crystal packing reveals that there are 

different types of hydrogen bonds are formed between atoms, which are first between 

hydrogen atoms of acetonitrile and nitrogen atom of bpz ligands. Second is between the 

hydrogen atoms of bpz ligand and nitrogen atoms of other bpz ligand. Third is between the 

oxygen atoms of perchlorate molecules and hydrogen atom of bpz ligands. Forth is between 

hydrogen atom of acetonitrile and oxygen atom of perchlorate. The interaction Van Deer 

Waal force is noticed between the C-H of bpz with oxygen atom of ClO4. Also, the π--π 

interaction has a role in the parking structure between adjacent sheets.  

The forth coordination compound is [Cu(bpz)2(H2O)](NO3)2, which its crystal 

structure is a distorted trigonal bipyramidal geometry. The Cu(II) center is five coordinated 

with four nitrogen atoms of 2,2'-bipyrazine ligands, and with one oxygen atom of the water 

molecule. The nitrate anions link the complex cations to form a chain structure through 
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hydrogen bonds. The adjacent coordination spheres are held together through C–H...O 

hydrogen bonds formed between the H-atoms on bpz and O-atoms on nitrate anion, the 

complex cations of [Cu(bpz)2(H2O)](NO3)2 are stacked in the closest approach between the 

2,2'-bipyrazine rings of 4.990 A°, indicating no significant π----π stacking interactions. 

The fifth coordination compound is [Cu(amp)2(NO3)2], which its crystal structure 

is an distorted octahedral coordination geometry. The Cu(II) center atom has six 

coordinated with four nitrogen atoms of 2-(aminomethyl)pyridine ligands, and with two 

oxygen atoms of the coordinated nitrate molecule. The crystal packing is stabilized by C-

H…O and N-H…O hydrogen bonds between the pyridine and amino groups of amp ligand 

with the oxygen atoms of coordinated nitrate molecule. Beside to that, the chains are 

additionally reinforced by C–H_ _ _O interactions by the CH group of the amp ligand with 

oxygen atom of nitrate ligand of adjacent chain. Adjacent Cu chains overlapping with 

others by π–π stacking interactions connecting by two 2-(aminomethyl)pyridine (amp) 

ligand. 

Finally, the sixth coordination compound is [Ni(dipyam)2(bpz)]ClO4, nickel 

complexes have been an attractive area of research because they are considered as a 

potential alternative to cis–platin. Ni(II) center of complex is a hexacoordinated by two 

nitrogen atoms of 2,2'-bipyrazine ligand located at equatorial positions, and four nitrogen 

atoms of 2,2'-dipyridylamine ligands located at equatorial plane and at axial position, the 

complex has a distorted octahedral geometry.  The perchlorate anions link the complex 

cations by hydrogen bond to form a chain structure through its oxygen with NH and C-H 

groups of 2,2'-dipyridylamine ligand, beside to nitrogen atoms of 2,2'-bipyrazine with C-

H groups of 2,2'-dipyridylamine ligand in adjacent structure unit. Furthermore, aromatic 

rings of pyridyl and pyrazinyl groups from adjacent sheet are linked through π•••π and/or 

C-H•••π interactions.  
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4.2 Future work: 

As a continuation of this work, I propose to do father measurements as magnetic 

susceptibility at different temperature, to examine the applications of        

[Cu(dipyam)(H2O)(pca)]ClO4 complex, in which 2-pyrazinecarboxylic acid and its metal 

complexes have efficient role in organic–inorganic hybrid material. Beside to their various 

applications such as development of selective catalysis, molecular recognition, electro-

optic materials, semiconductor materials and magnetic materials. Also, study the 

applications [Cu(bpz)3](ClO4)2.2CH3CN complex, where its structure resembles to 

[Ni(bpz)3](ClO4)2.H2O, that has special interest in research areas, especially in biological 

studies, where it shows good affinity in interaction with DNA and vital usage in designing 

of pharmaceutical molecules. 

Furthermore, I suggest a new procedure for synthesis of        

[Cu(dipyam)(H2O)(pca)](ClO4)2 complex with 2,2'-bipyrazine ligand, and complex of 

Cu(II) and Ni(II) with different phosphine ligand and 2,2'-bipyrazine. It may lead to 

produce new structurally and magnetically properties.  

Finally, the six synthesized complexes are good suggestions for using as start 

material for preparation of supramolecular compounds continues multinuclear, for 

example, reacting them with Ag(I), Cu(II), and Ni(II) salts.  
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 ( معIIالنيكل ) ( وIIودراسة بنية مركبات تناسقية مختلطة المتصلات للنحاس )تحضير 

 و القواعد النيتروجينية ثنائية الترابط   بيبيريزين-‘٢،٢

 

 : أفنان ربحي عبدالله منصور إعداد

 : د. حسين علقم  المشرف

 

 :ملخص

استخدام العديد من المعادن الانتقالية والتي تكوين المركبات ذات البنية الهيكلية المنتظمة يتم اعتمادا على 

 المركباتتمثل )اللواقط/الربيطات(.  المتصلة لديها القدرة على تشكيل أشكال هندسية متنوعة في تصميم المركبات

اللواقط/الربيطات والتي تتفاعل مع المعادن  غير المتجانسة والمحتوية على ذرة النيتروجين مثالا جيدا على  الحلقية

 مما يوفر دورًا مهمًا في تحسين المركبات الغير العضوية ومجالات التصنيع. الأيونية، 

لاقط/ ربيطة أو مع  ( سواء مع  II( والنحاس ) IIالنيكل )تم تحضير سلسلة من المركبات الجديدة مكونة من  

مثل    متنوعة  روبياطات  .  bipyrazine  ،2,2'-dipyridylamine  ،2-(aminomethyl)pyridine-'2,2لواقط/ 

وهي   التناسقية  للمركبات  الهيكلية   Cu(OH)(ClO(aminomethyl)pyridine, -amp: 2(bpz)]4(-البنية 

-O)2bipyrazine, [Cu(dipyam)(H-2,2'CN bpz: 3.2CH2)4](ClO3O, [Cu(bpz)2.H2O)]2H(

-2pyrazinecarboxylate, [Ni(dipyam)-dipyridylamine, pca: 2-dipyam: 2,2'4 pca)]ClO(

2)3O)](NO2(H2[Cu(bpz) 2 )4bpz)](ClO(  2[  و)3(NO2[Cu(amp)   والتي تم تشخيصها وتحليلها باستخدام

تحليل مط  السينية،  الأشعة  تحليل حيود  مثل  ) طرق مختلفة  الحمراء   تحت  الأشعة  الخواص  FTIRياف  دراسة  و   )

 (، وتمييز و وصف اللواقط/الروبيطات بشكل تفصيلي باستخدام تحليل مطياف الأشعة تحت الحمراء.DSCالحرارية )

يمتلك ارتباط تناسقي سداسي مع أربع ذرات   NO2[Cu(amp))3(2[( في المركب الجديد  IIمعدن النحاس )

، ومع ذرتين أكسجين من جزئ النترات المرتبط تناسقيا مع  pyridine (amp)(aminomethyl)-2نيتروجين من  

 ( ) IIالنحاس  النحاس  السطوح حول معدن  ثماني  تنسيق هندسي غير منتظم  يتشكل  الترتيب  II( حيث  البلورة من   .)

 a= 8.6377 (7), b= 8.9833 (6), c= 9.9958وأبعاد وحدة الخلية    c/1P2عة الفضاء  البلوري الأحادي، مع مجمو

3V= 765.14 (10) A° ,Z=2β= 99.430°,  ,°(8) A  استقرار ترتيب البلورات يتم من خلال رابطة .O…H-C 

لـ    O…H-Nو   البيريدين  والأمين  النترات  ampالهيدروجينية بين مجموعتيّ  المرتبط    مع ذرات الأكسجين لجزئ 

و ذرة الأكسجين لجزئ   ampلـ    CHبين مجموعة    O…H-Cتناسقيا. السلاسل أيضا تتقوى بالارتباطات الضعيفة  
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المتصلة   π – πالنترات من السلسلة المجاورة. تتداخل سلاسل النحاس المجاورة مع سلاسل أخرى من خلال تفاعلات 

   pyridine(aminomethyl)-2بواسطة اثنين من 

 معدنبواسطة تحليل الأشعة السينية لإيجاد أن تمت  3O)](NO2(H2[Cu(bpz)(2دراسة المركب الجديد 

، ومع ذرة أكسجين واحدة bipyrazine-'2,2لـ  مع أربع ذرات نيتروجين يمتلك ارتباط تنسيقي رباعي   (IIالنحاس ) 

هو هرم  (II) من جزئ الماء. جزيئي النترات عبارة عن أيون معاكسة الشحنة. التنسيق الهندسي حول معدن النحاس 

 وأبعاد وحدة الخلية   C2/cمجموعة الفضاء رباعي القاعدة غير منتظم. البلورة من الترتيب البلوري الأحادي، مع 

3V= 1972.2 (17)A°, 15.886 (6), b= 7.208 (4), c= 18.016 (7)A°, β=107.07 (4), Z= 4 a= 

 للربطالتي تعمل كجسور استقرار ترتيب البلورات يتم من خلال الرابطة الهيدروجينية المتشكلة بفعل أيونات النترات 

والاتصال  C—H•••Oالهيدروجينية و  O—H•••Oو   O—H•••Nللمركب خلال الروابط  الأيونات الموجبةمع 

 .القريب

الجديد    للمركب  السينية  الأشعة  دراسة  مركز    CN3.2CH2)4ClO](3[Cu(bpz)توصلت  أن   معدن إلى 

وأبعاد وحدة   c/1P2، مع مجموعة الفضاء  غير منتظم، والبلورة أحاديةهندسي ثماني الأوجه    ترتيبلك  تيم   (II)النحاس  

   ,°a= 11.2508(6), b= 22.1602(12),c= 13.6980(8)A°, A= 90°, b= 90.302(5)الخلية 

.3V= 3415.1(3) A° ,g= 90°, Z=4    أنواع مختلفة من الروابط الهيدروجينية، تشمل بين    البلورات كشف ترتيب

أخرى، ذرات الأكسجين   bpzو ذرات نيتروجين لـ    bpzذرات النيتروجين لـ  ،    bpzأسيتونيتريل و ذرات النيتروجين لـ  

ت.  ، وبين ذرة الهيدروجين لأسيتونيتريل و ذرة الأكسجين للبيركلوراbpzلجزيئات البيركلورات، وذرة الهيدروجين لـ  

الصفائح المجاورة   ترتبط مع ذرة الأكسجين للبيركلورات.    bpzلـ    C-Hتتكون بين    فان رابطة فان دير    بالإضافة إلى 

 . π—π الروابط الضعيفةخلال من 

إلى بيبيريزين   -‘٢،٢الذي تكون نتيجة انشطار جزئ    O)(pca)]ClO2[Cu(dipyam)(H 4المركب الجديد  

ترتبط بشكل   (II)النحاس    معدنداخل محلول التفاعل. وتمت دراسته بوساطة الأشعة السينية وأظهرت أن     pcaجزئ  

من   نيتروجين  ذرتين  قبل  من  من    dipyridylamine-'2,2خماسي  أكسجين  وذرة  نيتروجين  ذرة   ،2-

pyrazinecarboxylate (pca)  ذرة أكسجين واحدة من الماء المرتبط تناسقيا مع النحاس ، (II)  .ركلورات  يجزيء الب

.  (II) حول أيونات النحاس  غير منتظممعاكس الشحنة، هذه الذرات تشكل ترتيب هندسي هرم رباعي القاعدة هو أيون 

الفضاء   أحادية، مع مجموعة  الخلية هي    P-1البلورة   =a = 7.8943 (10), b= 9.9511 (14), cوأبعاد وحدة 

13.412 (2)A°,  أيونات البيركلورات ترتبط مع أيونات المركب المعقد الموجبة لتنتج البنية الهيكلية للسلسلة خلال ،

(  pcaفي محلول التفاعل تكون متصل جديد )  .C—H•••Oو الرابطة الهيدروجينية    O—H•••Oالقريب  الاتصال  

 .C-C / C-Nالعلماء على افتراض منهجية جديدة لانقسام الرابطة لـ وهذا يشجع بيبيريزين  -‘٢،٢من المتصل 

النواة    ثنائي  للمركب  الهيكلية  جزيئين تحتوي    O2.H2O)]2)(H4[(bpz)Cu(OH)(ClOالبنية  على 

على طرفي المركب، بالإضافة   بيبيريزين-‘٢،٢مع متصلين اثنين من    (II) هيدروكسيد تعمل كجسر تربط أيونين نحاس  

وأبعاد   P-1، وجزيئين من البيركلورات وجزئ ماء يعمل كمذيب. البلورة ثلاثية، مع مجموعة الفضاء  إلى جزيئين ماء

 a = 8.0391(10), b = 8.1718 (9), c = 10.5662 (14)A°, α = 77.973 (5), β = 80.465الخلية الواحدة  
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Z = 1 ,84.271γ = , (6)  ،  3و°A667.98 (14)V = .    نحاس معدن كل حول أظهرت دراسة الأشعة السينية أن )(II  

الزواياشكل هندسي   السطوح رباعي  الماء والبيركلوريت    ممدود ثماني  غير منتظم، حيث ذرات الأكسجين لجزيئي 

في   تقع  لـ  والتي  النيتروجين  ذرتين  بينما  الرأسية،  مجموعات   bipyrazine-'2,2المحاور  من  الأكسجين  ذرتيّ  و 

الـ    لنيتروجين  تبعًا  تتشكل  الهيدروجينية  الرابطة  الأفقية.  المحاور  في  تقع  الأكسجيpyrazineالهيدروكسو  من ،  ن 

 مجموعة البيركلوربيت، مجموعات الهيدروكسيد، مجموعة الماء المتسقة وجزئ الماء المتبلور. 

، التحليل الهيكلي للأشعة السينية أظهر  4ClO((bpz)]2[Ni(dipyam)(2مركب النيكل ثنائي التكافؤ الجديد 

، وأربع  bipyrazine-'2,2عبارة عن سداسي الارتباط التنسيقي من خلال ذرتين نيتروجين لـ    (II)أن معدن النيكل  

نيتروجين من الشحنة. dipyridylamine-'2,2جزيئين من   ذرات  معاكسة  أيون  عبارة عن  البيركلورات  . جزيئي 

ت مخلبية ترتبط مع ذرة  الترتيب الهندسي للمركب عبارة عن شكل ثماني السطوح مشوه؛ بسبب وجود ثلاثة من حلقا

من  (II)النيكل   اثنين  جزيئين  تتضمن   ،(dipyam)  من واحد  جزئ   ،2,2'-bipyrazine  من جزئ  كل   ،2,2'-

dipyridylamine    2,2يقع على المحور الأفقي وعلى المحور الرأسي، و'-bipyrazine    .تقع على المحاور الأفقية

 = a = 16.919 (3), b = 11.2635 (18), cالخلية الواحدة  ، أبعاد  C2/cالبلورة أحادية، مع مجموعة الفضاء  

Z = 4, °113.037 (4)β = A°, 17.588 (4)    (10)°3وA 3084.4V=   .  أيونات البيركلورات ترتبط مع الأيونات

، C—H•••Oاتصال قريب والرابطة الهيدروجينية    N—H•••Oالموجبة للمركب وتشكل البنية الهيكلية للسلسلة خلال  

التي أنُشأتها   C-H•••πو/أو    π•••π. روابط ضعيفة الـ  C—H•••Nخلال    bipyrazine-'2,2جنبًا إلى روابط الـ   

 من الصفيحة المجاورة. pyrazinylو  pyridylحلقات مجموعات الـ 

هذه المركبات ممكن أن تلعب دورا مهما في مجالات مختلفة بغض النظر كانت بالمجال الكيميائي، البيولوجي 

في تطبيقات مختلفة، مثلا،    ةتبعأ لأن مركباتها المتصلة )اللواقط/الروبيطات( لديها استخدامات واسع  الكترونيا؛أو حتى  

استخدامها في تطوير فعالية المحفزات، تحضير مركبات مكثفة )مكونة من أكثر من وحدة بنائية(، تصميم جزيئات  

الموصلة    جديدة  دوائية الكهروضوئية، شبه  المواد  في  لتوظيفها  بالإضافة  الأدوية،  دراسات تصنيع  في  والمستخدمة 

 .والمواد المغناطيسية

 
 


