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Abstract:  

The crystal structure of  [Cu(bpz)(OH)(ClO4)(H2O)]2.H2O (1), [Cu(dipyam)]2(ClO4)2 (2) 

and [Ni(bpz)3](ClO4)2 .H2O (3) have been synthesized and characterized by Single Crystal 

X-ray diffraction analysis (SCXRD), FTIR, UV-Vis spectroscopy  and Thermal analysis 

by Differential Scanning Calorimetry (DSC). The  2,2'- bipyrazine ligand (bpz) has been 

synthesized and characterized by FTIR, UV-Vis spectroscopy and Single Crystal X-ray 

diffraction (SCXRD). 

The crystal of a new binuclear (1) are triclinic, with a = 7.9796(5), b = 8.0290(5), c = 

10.5550(7) Å, Ŭ = 77.7120(1)Á, ɓ = 79.9150(1)Á, ɔ = 84.7840(1)°, Z=1 and V= 649.526 

A°
3
.The structure consists of discrete centrosymmetric di-ɛ-hydroxo-copper(II) dimer 

with 2,2'-bipyrazine as outer ligand and coordinated ClO4
-
 anions and H2O solvent 

molecule. Intramolecular copper-copper distances is 2.824 Å and CuïOïCu angle 94.40° 

exhibiting ferromagnetic interaction with smallest CuïOïCu angle and shortest Cué.Cu 

distance reported so far. The coordination geometry around each copper ion is distorted 

elongated tetragonal octahedral with the bridging hydroxo groups and two nitrogen atoms 

of the 2,2'-bipyrazine ligand comprising the basal plane, and the apical site occupied by 

two oxygen atom of the ClO4
- 
and H2O groups. The packing structure shows the rings of 

the polypyrizyl ligands are interact through ́ ----  ́interactions. The DSC curve shows 

endothermic peaks at 272.45 °C owing to melting point. 

 The compound  (2),  (dipyam = 2,2ǋ-dipyridylamine) has been synthesized and the 

crystal structure determined by a single X-ray diffraction study,  FTIR, UV-Vis 

spectroscopy ,and  thermal analysis (DSC). The Cu(II) center is four-coordinated by the 

nitrogen donors of the pyridine rings of the ligand, 2,2ǋ-dipyridylamine, by trans-trans 

mode. A distorted tetrahedral coordination geometry around copper ion. The crystal type 

monoclinic, with Space group C2/c  and the unit cell dimensions a = 9.416 (3), b = 12.955 

(4), c = 19.748 (6) Å, Ŭ = 90.00Á, ɓ = 103.47 Á, ɔ = 90.00°, Z= 4 and V= 2339.5 (11)A°
3
. 

The perchlorate anions link the complex cations to form a chain structure through  C-

H···O close contacts and N-H···O hydrogen bonds. The DSC curve shows endothermic 

peak at 308.65 °C related to melting point. 

 The novel mononuclear Ni(II) complex (3), where (bpz =2,2'-bipyrazine). X-ray 

structural analyses shows that the coordination geometry around the Ni(II) center is a 



 

iv 
 

trigonal distorted octahedral, and the crystal type monoclinic, with Space group P 21/c 

and the unit cell dimensions a = 17.2943(11), b = 9.8622(6), c = 17.9612(11) Å, Ŭ = 

90.00Á, ɓ = 107.7010(1)Á, ɔ = 90.00°, Z= 4 and V= 2918.4(3) (11)A°
3
.  A careful 

inspection of the packing pattern in the lattice of complex (3) reveals the occurrence of 

CïH----ˊ, CïH···NïC hydrogen bonds interactions. The packing structure also shows that 

the rings of the polypyrizyl ligands are interact through ́----  ́ interactions in two sets 

between bpz ligands in complex (3) with parallel displaced form interaction. The DSC 

curve shows endothermic peak at 334.15 °C  related to melting point.  
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Chapter One 

 

1.1 Introduction:  

Nitrogen-containing heterocycles with their tendency of acting as ligands for metal ions 

have played a major role in the development of the supramolecular chemistry.
{1-7}

In some 

case heterocycles provide the directionality, if the coordination occurs in endocyclic 

donor sites, that way facilitating the construction a particular molecular architecture, and 

providing some degree of predictability of the composition of the product. A lot of the 

heterocyclic ring systems have functional groups suitable for hydrogen bonding 

interactions. This feature then permits the unique opportunity to combine hydrogen 

bonding motifs for the generation of supramolecular architectures with the concept of 

useing the coordinative bond. 

Experience showed that metal binding to ring atoms of nucleobases frequently leads to 

rather ósoftô structures and that marked deviations from expectations can be anticipated 

for a number of reasons: (i) External ring angles (Scheme 1). They may strongly deviate 

from the ideal case, e.g. from 120° in six-membered ring systems. 

 

Scheme 1.1: The ideal and the deviation angle in six-membered ring system in nitrogen 

bases. 

Even H-bond formation between substituent of the heterocyclic ring and other ligands at 

the metal may be sufficient to cause marked deviations. (ii) Metal out-of-plane. In 

heteroaromatic systems the metal may be substantially out-of-plane, hence deviation 

from the óidealô sp
2
 hybridazation may be large. (iii) Torsional angles within C

_
C coupled 

heterocycles. With flexible heterocycles such as 2,2'-bipyrazine, any torsion between the 
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two halves of the molecule may have a strong influence on the resulting architecture. (iv) 

Metal geometry. Deviations of óidealô angular values of square-planar, tetrahedral or 

octahedral metal ions can be substantial
{ 8,9,10}

. 

The structure of 2,2'-bipyrazine shows that the ligand adopts a planar structure with the 

two pyrazine rings related to each other by an inversion centre. As a result the ligand 

adopts an arrangement such that the two central nitrogen atoms are placed anti to each 

other as observed in the structure of 2,2ô-bipyridyl
{11}

. The 2,2'-bipyrazine molecules are 

stacked with a ring centroid to plane separation of 3.36 Å representing a significant ˊḯ  

interaction. 

An impressive amount of work has been devoted to magneto-structural studies of 2,2'-

bipyrazine (bpz) due to structural feature of  bpz is its flexibility: rotation of two pyrazine 

rings with respect to each other enables many possibilities to bind metals. (Scheme 1.2) 

Scheme 1.2: Conformations of bpz (top) and principal metal binding modes 

(below) adopted from
{13}

. 
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Polypyridyl transition metal complexes are attracting considerable interest due to peculiar 

electrochemical, spectroelectrochemical, magnetic, optical, and medicinal properties. 

Some studies have recently found the efficiency of polypyridyl complexes as an 

electrochemical probe for nucleic acid sensing, particularly for CT-DNA
{ 14,15}

, 

fluorescent probes for nuclear and protein components
{ 16}

, DNA photocleavage agents 

{17} .
 

Polynuclear metal complexes containing photophysically active center are particularly 

interesting from the point of view of photoinduced electron transfer and energy transfer 

processes. The presence of a metal complex attached to the photoactive center via a 

bridging ligand provides additional pathways for the deactivation of the excited states, in 

these systems, the geometry inter metallic separation distance, and electronic properties 

of the bridging ligands are relevant factors to be considered, in addition to the 

photochemical and photophysical characteristics of the metal ions
{18}

. 

The magnetic properties of copper(II) complexes have been an attractive area of research. 

This is due to the fact that copper(II) (d
9
) has a single unpaired electron and therefore can 

be used as a model system for probing the nature of magnetic exchange interactions 

between single unpaired electrons on two or more metal centres, and in particular, how 

this interaction is mediated by the ligands that bridge the metal centers
{19}

, on the other 

hand, copper is an essential element to biological function, while the exchangeable 

portion of copper in blood plasma occurs mainly as a result of mixed-ligand formation 

involving copper-nitrogen interaction. Further more the unique spectral features of the 

blue-copper proteins have stimulated investigation involving low molecular mass 

copper(II) chelates that have nitrogen atom in the immediate vicinity of copper(II) in 

coordination unites of tetragonal or lower ligand filed symmetry and may mimic the 

characteristic properties of these proteins
{20}

. 

Nickel is an essential trace metal involved in many biological process. Nickel complexes 

have been receiving much attention, due to biological applicability such as 

antiepileptic
{138}

, anticonvulsant
{139}

, antibacterial
{140}

, antifungal
{140}

, antimicrobial
{141}

,  

and anticancer/antiproliferative  activities
{142, 143}

, and can inhibit DNA repair mechanism 

due to interfering with enzymes or proteins synthesis involved in DNA replication or 

DNA repair
{144}

.  
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The Polypyridyl  Ni(II) complexes show good affinity in DNA binding to exert biological 

effects. DNA is a target molecule for cancer therapy, therefore, the experimental and 

theoretical investigations of interaction of DNA with suitable molecules is very important 

to the design of pharmaceutical molecules 
{145, 146}

. 

 The Organonickel(II) complexes are widely used in organometallic catalysis. One of the 

first benchmarks in that field was the nickel phosphane complexes used in the shell 

higher olefin process (SHOP). In the last decade the interest in organonickel catalysts has 

mainly focused on nickel diimine complexes. Highly reactive catalysts for olefin 

polymerization, nickel diimine complexes which gained a large interest in electrocatalytic 

applications
{22}

. 
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1.2  Historical background:  

In recent yearôs synthesis of the coordination compounds with 2,2'-bipyrazine ligand is 

focused on ruthenium, palladium, platinum and rhenium and studied its coordination 

behaviour which show a different coordination modes by using different metal ions and 

different synthesis conditions.  

In the last few years great attention has been focused on complexes contains 2,2'-

bipyrazine due to extensive applications of photochemistry, photophysics, photocatalysis, 

electrochemistry, biochemistry and others, especially because of their important 

applications in DNA binding and solar energy battery material. 

 

1.2.1 Synthesis of 2,2'-bipyrazine: 

The synthesis of 2,2'-bipyrazine  was started in 1967
{23} 

by J. J. Lafferty and F. H. Case, 

with low percentage yield(7%). 

In 1982
{24}

 when R. J. Crutchley and A. B. P. Lever reported a new synthtic procedure of 

2, 2ô-bipyrazine with percentage yield relatively higher than the previously reported. 

The single crystal structures of 2,2'-bipyrazine was determined in order to compare the 

degree of ˊḯ  interactions in the ñfreeò ligand and that observed in the complexes
 {66}

. 

 

1.2.2 Ruthenium complexes: 

In 1982
{ 24}

 R. J. Crutchley and A. B. P. Lever started the synthesis of new complexes of 

2,2'-bipyrazine ruthenium such as [Ru(bpz)3]Cl2 and [Ru(bpz)3](PF6). 

The photoanation of the bipyrazyl ligand in [Ru(bpz)3](PF6) complex in acetonitrile 

containing chloride ion, formed cis-Ru(bpz)2(CH3CN)Cl
+
, cis-Ru(bpz)2Cl2, and an 

unidentified mono(bipyrazyl)ruthenium(II) derivative. The mechanism of this reaction is 

discussed.  

Synthesis of ruthenium complexes was continued in 1983 when D. P. Rillema et al
{25}

, 

described the synthesis and study the properties of  Ru(bpy)n,(bpyrz)3-n
+2

 and 

Ru(bpy)n,(bpyrm)3-n
2+

, where n = 0-2 and bpy is 2,2'-bipyridine, bpyrz is 2,2'-bipyrazine, 

and bpyrm is 2,2'-bipyrimidine. Absorption spectra contained bands in the (250-290 nm) 

range that are assigned to ligand ˊŸˊ* transitions and visible bands (360-470 nm) that 
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are assigned to dˊŸˊ* MLCT (metal-to-ligand charge transfer) transitions. The ˊŸˊ* 

absorptions shift to the red as the number of bipyridine ligands is increased in mixed-

ligand complexes. Emission spectra maxima were observed from 600 to 700 nm and also 

shift to the red with substitution for bipyridine. Redox potentials were found to vary in a 

systematic way.  

In 2011, the structural and pH dependence of excited state (PCET) reactions involving 

reductive quenching of the MLCT excited state of [Ru
II
(bpy)2(bpz)]2  by hydroquinones 

(bpy = 2,2'-bipyridine, bpz = 2,2'- bipyrazine) was studied. 

 

 

Scheme 1.3: Involves the reductive quenching of 2, the MLCT state (formally RuIII) of 

[RuII(bpy)2(bpz)]2   (bpy = 2,2'-bipyridine, bpz = 2,2'-bipyrazine) by hydroquinone 

(H2Q) adopted from
 {26}

. 

In 1984 
{27}

Ru(bpz)3
+2

  and  bpz have been used for the preparation of two types of films,  

both prepared via oxidative polymerization in acidic solutions. Based on the results 

described it appears that the films grow uniformly on the GC surface and the film 

thickness is proportional to the number of positive scans. The bpz film is weakly 
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conducting and preliminary experiments indicate a resistivity value of ~10 
6
 ɋ

 
cm for this 

film.   

Ruthenium-2,2'-bipyrazine complexes have many application studied in solar energy and 

photosensitizers in solar energy conversion
{28,29}

. 

T. S. Akasheh  and Z. M. Egahmed
{30}

, was synthesis new Mixed-ligand complexes of 

2,2'-bipyrazine (bpz), 2,2'-bipyridine (bpy), 2,3-di-(2'-pyridyl)-pyrazine (dpp), 2,3-

dihydro-5,6- (2'-pyridyl).pyrazine (dhp), 3,6-di-(2'-pyridyl)-1,2,4,5-tetrazine (dpl) and 

2,3-di-(2'-pyridyl)-quinoxaline (dpq) with ruthenium(II), and used Ru(bpz)3 from 

literature 
{25}

, have been studied for evaluation as potential solar energy converters via an 

estimate of the redox potentials of their óMLCT excited states, Cyclic voltammetry was 

used to show that bpz has lower ů-donor and higher ˊ-acceptor  abilities than the other 

ligands
{30}

.  

In the next year, T. S. Akasheh et al
{31}

, research group continuous in preparation and 

characterization of a series of mixed ligands with ruthenium complexes through dihalide 

replacement in Ru(bpy)2Cl2, Ru(bpz)2Cl2and tetrahalide replacement in HRu(bpy)Cl4, 

(bpy = 2,2'-bipyridine ; bpz = 2,2'-bipyrazine) by one or two bidentate ligands of the 

diimine type namely, bpd, dbpq and dpp (bpd = 3,3'-bipyridazine ; dbpq = 6,7-dimethyl-

2,3-bis-(2'-pyridyl)-quinoxaline ; dpp = 2,3-bis-(2-pyridyl)-pyrazine). The ruthenium 

dimer [(bpy)2Ru(dbpq)Ru(bpy)2(PF6)4.3H2O, as well as the tris-complex 

[Ru(dbpq)3](PF6)2. H2O, were also prepared and characterized. 

[Ru(bpz)2(dpq)]
2+

 was used in photosensitize methyl viologen cation radical production 

in the presence of ethylenediaminetetraacetic acid (EDTA)
{ 32}

. 
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Table 1.1: Cyclic voltammetry results in DMF and acetonitrile, adopted from
{30}

. 

 

 

¶ Reductions were run in DMF and oxidations in aceronitrile, Values in parentheses 

are the differences between anodic and cathodic peaks in mV. 

In the same year, the excited state properties (emission, lifetimes and redox potentials) 

are reported and analyzed in the framework of solar energy conversion
{33}

. 

T. Iguro et al, in 1994
{34} 

was synthesis ruthenium (II) diimine complex ions in the 

double complex salts by using cobalt and iron, diimie; (bpz=2,2'-bipyrazine; bpy=2,2'-

bipyridine), and the lifetimes of the excited MLCT was studied in the temperature range 

77-353 K. The excited MLCT states of Ru(bpy)
2+

 and Ru(bpz) 
2+

 undergo electron 

transfer reaction with Fe(CN)6
-3

 in the double complex salts [Ru(bpz)3]2[Fe(CN)6]Cl. 

14H2O and [Ru(bpy)3]2[Fe(CN)6]Cl. 8H,O at 77 and 295 K. The reorganization energy in 

the crystal is reduced to some extent because of the small number of water molecules in 

the crystals. 

And in the same year
{35}

, a series of mixed-tris complexes of general formula 

[ML 'L,](ClO4)2.H2O [M =Ru or OS; L'= 2,2'-bipyrazine (bpyz) or 2,2'-bipyrimidine 

(bpym) and L = 2-(phenylazo)pyridine (papy) or 2-(m-tolylazo)pyridine (tapy)] has been 

prepared and characterized by physicochemical and spectroscopic methods. Using H 

NMR results, stereochemistry of ML2 fragment in these tris chelates has been 

determined. The complexes show a number of MLCT transitions in the visible region; the 

low intensity spinforbidden transitions are observable in osmium complexes. In MeCN 

solution, the OsN6 unit displays one metal-centred oxidation and multiple ligand-based 
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reductions. Relative ˊ-acceptor ability of the ligands is clearly reflected in the 

electrochemical results. 

P. Thanasekaran et al
 {36}

, study the photooxidation of organic sulphides with excited 

Ru(bpz)3
2 +

  (bpz = 2,2'-bipyrazine) results in the formation of sulphoxides and sulphones 

in aqueous CH3CN (Scheme 1.4)adopted from
 {36}

 and the reaction proceeds via an 

electron transfer mechanism (Scheme 1.5) adopted from
 {36}

. 

 

 

Scheme 1. 4: photooxidation of organic sulphides with excited Ru(bpz)3
2 +

  (bpz = 2,2'-

ipyrazine) results in the formation of sulphoxides and sulphones in aqueous CH3CN 

adopted from
 {36}

. 

 

Scheme 1. 5: reaction proceeds via an electron transfer mechanism  adopted from 
{36}

. 

In the period from 2000 to 2004 the research focused on theoretical studies of the 

[Ru(bpz)3]
+2

 complex
{37,38}

. and synthesis, characterization of a new mixed ligand 

ruthenium complexes [Ru(deeb)(bpz)2](PF6)2, [Ru(deeb)2(bpz)](PF6)2, and 

[Ru(deeb)2(dpp)](PF6)2, where deeb is 4,4'-(CO2CH2CH3)2-2,2'-bipyridine, bpz is 2,2'-

bipyrazine, and dpp is 2,3-bis(2-pyridyl)pyrazine
{ 39}

. And dinuclear ruthenium 

complexes of formulae [(tpy)(bpy)Ru
II
(pz)Ru

III
(edta)]

-  
 and [(CN)4Ru

II
(bpz)Ru

III
 (edta)]

-3
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(where tpy =/2,2':6',2''-terpyridine, bpy =/2,2'-bipyridine, pz =/pyrazine, bpz =/2,2'-

bipyrazine, edta =/ethylenediaminetetraacetate)
{ 40}

. 

In the period from 2012 to 2014 the research focused by O. S. Wenger et al, in studied 

the Mechanistic Diversity in Proton-Coupled Electron Transfer between Thiophenols and 

Photoexcited [Ru(bpz)3]
+2{41}

,  

 

 

 

Scheme 1.6:View of the Proton-coupled electron transfer (PCET) between a series of 

thiophenols and a photoexcited of [Ru(bpz)3]
+2

 adopted from
{41}

 . 

And Proton-Coupled Electron Transfer Originating from Excited States of 

[Ru(bpz)3]
+2{42}

, 
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Scheme 1.7: View of the Proton-coupled electron transfer (PCET) reactions originating 

directly from photoexcited states of [Ru(bpz)3]+2 adopted from 
{42}

. 

 And Long-range proton-coupled electron transfer in phenolïRu(bpz)3
2+

 dyads
{43}

, 

 

 

Scheme 1.8: (a) PhenolïRu(bpz)3
2+

 reaction pairs which were previously investigated in 

the context of hydrogen-atom transfer (HAT)-like PCET  

(b) Dyads investigated in this work. ET = electron transfer, PT = proton transfer, KIE = 

H/D kinetic isotope effect adopted
{43}

. 
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And Kinetic Isotope Effects in Reductive Excited-State Quenching of Ru(bpz)3
2+

 by 

Phenols
{44}

. 

 

Scheme 1.9: View of the Electron transfer (ET) from phenol molecules to a photoexcited 

[Ru(bpz)3]
+2

  was investigated as a function of the para-substituent (R = OCH3, CH3, H, 

Cl, Br, CN) attached to the phenols adopted from
{44}

. 

In 2015, D. M. Schultz et al
{45}

, was improved procedure for the preparation of 

[Ru(bpz)3](PF6)2 via a high-yielding synthesis of 2,2ô-bipyrazine. 

 

 

Scheme 1.10: View of the Preparative-scale synthesis of [Ru(bpz)3](PF6)2 adopted from 

{45}
. 
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1.2.3 Tungsten and molybdenum complexes: 

Preparation of Tungsten and molybdenum with 2,2'-bipyrazine ligand in the literature is 

not much, most of them are mononuclear, homoleptic complexes.  

Its start in 1982 by R. J. Crutchley and A. B. P. Lever when React tungsten and 

molybdenum with bipyrazyl yields W(CO)4bpz , Mo(CO)4bpz. The electronic, 

vibrational, and HNMR spectra and electrochemistry of these products were compared 

with those of their bipyridyl analogues. It is concluded that bipyrazyl is no better a ˊ 

acceptor than bipyridyl because of weaker ů bonding leaving the metal ion more 

positively charged
 {24}

.  

In 1986, The Long-wavelength charge transfer absorption energies of W(CO)4bpz , 

Mo(CO)4bpz  complexes was measured in various solvents and compared with those for 

corresponding 2,2'-bipyridine complexes
{46}

. 

And in 1988 synthesis mixed ligand, cis-Mo(CO)2(PBu3)2(bdz) which have four isomeric 

bidiazine(bdz) ligands 3,3'-bipyridazine, 2,2'-bipyrazine, 2,2'- and 4,4'-bipyrimidine, can 

undergo reversible one-electron oxidation and reduction and show small redox potential 

differences of less than 1.5 V. The small HOMO-LUMO gap gives rise to long-

wavelength metal-to-ligand charge transfer absorptions, an assignment which is 

supported by ESR studies. Guidelines for the construction of complexes with small 

charge-transfer absorption energies by CO/PR3 exchange are presented. Although a 

ligand-centered MO is occupied during reduction, the small g factors of the radical 

complexes indicate low-lying ligand-field-excited states which are believed to be 

responsible for the pronounced light-sensitivity of the compounds
 {47}

. 

In 1996
{48}

, prepared dinucular molybdenum with diimine ligand one of them 2,2'-

bipyrazine in general formula, Mo2X4(diimine)2 (X = Cl, Br, I and diimine = 2,2'-

bipyridine, 4,4'-dimethyl-2,2'-bipyridine, 2,2'-bipyrazine, 3,3'-bipyridazine, 2,2'-

bipyrimidine, 1,10-phenanthroline and 4,7-diphenyl-l,10-phenanthroline) and 

characterized by a three dimensional X-ray diffraction.  
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1.2.4 Rhodium and Iridium complexes: 

In 1982, W. A. Fordyce and G. A. Crosby
 {49}

 prepared new complexes of 2,2'-bipyrazine 

and other nitrogen-heterocyclic with Rhodium(I) and Iridium(I), 2,2'-bipyrazin react with 

Rhodium(I)  to produce [Rh(cod)(bpz)](PF6) cod =1,5-cyclooctadien, but doesnôt react 

with Iridium (I). And study the Electronic absorption spectra at room temperature and 

emission spectra and lifetimes at 77 K, The results from these complexes are compared 

and contrasted with those from other four-coordinate Rh(I) and Ir(I) d
8 

complexes and 

from six-coordinate d
6
 complexes with N-heterocyclic ligands. The rhodium complexes 

used by A.Furlani et al, 1987
{50}

 as co-catalyst in polymerization reaction of N-

benzylpropargylamine gave polymers with molecular weights between about 1000 and 

4000. The highest percentage yield of polymerization reaction exist when using rhodium 

complexes which contains 2,2'-bipyrazine ligand [Rh(cod)(bpz)]PF6 as co-catalyst. 

 

Table1.2: Polymerization reactions of N-benzylpropargylamine (BPA) in the presence of 

Rh complexes adopted from
{50}

. 

 

 

¶ Fraction A insoluble in CCl4, fraction B soluble in CCl4 
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¶ B The same value was obtained by dissolving the pellet in THF and 

reprecipitating with petroleum ether 

M. Ladwig and W. Kaim, in 1991
{51}

 was synthesis and study the Electronic structures 

and the electrochemical properties of [(C5Me5)ClRh(bdz)](X) and (C5Me5)Rb(bdz); X
- 
= 

Cl
-
, PF6

-  
and bdz = bidiazines (3,3'-bipyridazine, 2,2'-bipyrazine, 2,2'- and 4,4'-

bipyrimidine). 

 

1.2.5 Rhenium complexes: 

The rhenium transition metal with 2,2'-bipyrazine and other polypyridyl ligand with 

general formula [Re( CO)3( LL)( X)], (LL = 2,2-bipyridine, 4,4'-dimethyl-2,2'-bipyridine, 

1,10-phenanthroline, 5-chloro-1 ,l0-phenanthroline and 2,2'-bipyrazine) and X= C1,Br, 

CH3CN, was synthesis and study the photophysics and photoredox chemistry of the 

MLCT excited state of rhenium in 1986
{52}

.The absorption spectra of these compounds in 

the near-UV-Visible region are dominated by intense MLCT transitions depending on the 

nature of LL and X, these complexes exhibit green/red room-temperature luminescence 

of weak-to-moderate intensity. 

 [Re( CO)3( LL)( X)], is emissive in solution at room temperature and undergoes facile 

electron-transfer reactions with a variety of electron donor and acceptor molecules. Laser 

photolysis studies on three aspects of the excited-state photophysics and photoredox 

chemistry are described in this work: (a) sensitivity of the room-temperature absorption 

and emission to variation in the nature of the polypyridyl ligand and solvent; (b) excited-

state absorption spectral features and (c) reversible and irreversible 'reductive' quenching 

(using various amines as electron donors) and their relevance to the photocatalytic 

reduction of CO2 to CO. 

W. Kaim et al, in 1989
{53}

 Synthesis, electrochemistry and emission spectroscopy in fluid 

solution of  (bdz)Re(CO)3 Hal (Hal = Cl or Br) complexes derived from the four isomeric 

bidiazine (bdz) chelate ligands 3,3ǋ-bipyridazine, 2,2ǋ-bipyrazine, 2,2ǋ- and 4,4ǋ-

bipyrimidine from Re(CO)3Hal by thermal substitution. All the complexes were found to 

show long-wavelength emission at room temperature in chloroform solution after 

irradiation into the metal-to-ligand charge transfer (MLCT) band. Spectroscopic data and 

electrochemical reduction potentials confirm the superior polarizing ability of neutral 

Re(CO)3Hal fragments for Ŭ-diimine ˊ system, and the electrochemical and 



 

16 
 

photophysical data can be correlated with the established properties of the free ligands, of 

their anion radicals, and of other d
6
 metal (W

0
, Ru

II
) complexes. 

A number of different Re(diimine)(CO)3Cl, [Re(diimine)-(CO)3(py)]
+
, and 

[Re(diimine)(CO)3(py-X)]
+
, where X is a substituent bonded to py and diimine is  2,2ǋ-

bipyrazine (bpz) or 5,5ǋ-dimethyl-2,2ǋ-bipyrazine (Me2bpz), complexes have been 

synthesized. The photophysical properties and Computational calculation was studied in 

2007
{54}

. 

 

 

Fig 1.1: View ORTEP figures of Re(bpz)(CO)3Cl (1), [Re(bpz)(CO)3py]PF6 (2), 

Re(Me2bpz)(CO)3Cl (3), [Re(Me2bpz)(CO)3py]PF6 (4) , Adopted from 
 {54}

. 

In 2012, C. Bronner and O. S. Wenger, was synthesis Two rhenium(I) tricarbonyl diimine 

complexes, one of them with a 2,2ǋ-bipyrazine (bpz) and a pyridine (py) ligand in 

addition to the carbonyls ([Re(bpz) (CO)3(py)]
+
), and one tricarbonyl complex with a 

2,2ǋ-bipyridine (bpy) and a 1,4-pyrazine (pz) ligand ([Re(bpy) (CO)3(pz)]
+
), and their 

photochemistry with 4-cyanophenol in acetonitrile solution was explored. Metal-to-
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ligand charge transfer (MLCT) excitation occurs toward the protonatable bpz ligand in 

the [Re(bpz) (CO)3(py)]
+
 complex while in the ([Re(bpy) (CO)3(pz)]

+
 complex the same 

type of excitation promotes an electron away from the protonatable pz ligand. and to 

explore how this difference in electronic excited-state structure affects the rates and the 

reaction mechanism for photoinduced proton-coupled electron transfer (PCET) between 

4-cyanophenol and the two rhenium(I) complexes
{55}

.  

 

 

Scheme 1.11: View MLCT Excitation and PCET Chemistry in Two Distinct 4-

Cyanophenol/Rhenium Reaction Couples, adopted from 
{55}

. 

1.2.6 Platinum, Palladium and Silver complexes: 

The Platinum- nucleobases complexes have a wide range of research, the preparation of 

platinum- 2,2ǋ-bipyrazine complexes start in 1989 when V. Christou and G. B. Young, 

papered [ Pt(CH2CMe3)2(bpz)2]  complex by ligand displacement from the diene complex 
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[Pt(CH2CMe3)2(nbd)], (nbd = bicyclo[2.2.1]hepta-2,5diene). And the spectroscopic 

properties (H
1
 and C

13
 NMR, IR and UV-visible) was described

 {56}
. 

In 1998, lippert group  prepared [(en)Pd(bpz)](ClO4)2 , [(en)Pt(bpz)](NO3)2 and a cyclic 

trimetallic complexes with bridging ligand (2,2ǋ-bipyrazine) [{(en)Pt(bpz)}3] (NO3)6 with 

a new coordination modes of 2,2ǋ-bipyrazine ligand
{57}

.  

 

 

Fig 1.2: View of the [(en)Pd(bpz)]
+2

 cation adopted from 
{57}

. 

 

Fig 1.3: View of the a new coordination modes of 2,2ǋ-bipyrazine ligand in 

[{(en)Pt(bpz)}3] cation adopted from 
{57}

.  
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In the next year, lippert group was described a new molecular triangle, 

[{(en)Pt(bpz)Pd(en)}3](NO3)4(PF6)8, consisting of three (en)Pt
II
 and three (en)Pd

II
 entities 

(en = ethylenediamine) and three 2,2' bipyrazine (bpz) ligands that bridge metals through 

N(4) , N(4') and N(1), N(1') with a new coordination mods 
{58}

.  

 

Fig 1.4: View of the a new coordination modes of 2,2ǋ-bipyrazine ligand in 

[{(en)Pt(bpz)Pd(en)}3] cation adopted from 
{58}

. 

In 2000
{59}

 a new molecular architecture with a new coordination modes of 2,2ǋ-

bipyrazine was prepared by lippert group, Based on metal triangles derived from 2,2ǋ-

bipyrazine (bpz) and enM
II
 (M= Pt, Pd), to produce : 

[{enPt(bpz-N4,N4ô)}3](NO3)2(ClO4).4H2O, 

[{enPt(bpz- N4,N4ô)}3](NO3)2(PF6)4. 5.25H2O, [enPt(bpz-N1,N1ô)](NO3)2,  

[{enPt(N4,N4ô-bpz N1,N1ô)Pten}3](NO3)7(PF6)5.4H2O, 

[{enPd(N4,N4ô-bpz-N1,N1ô)Pden}3](NO3)4(PF6)8.5H2O, 
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[{enPt(bpz-N4,N4ô)}3AgNO3]2(NO3)8(PF6)4.15.5H2O, 

[{enPt(bpz-N4,N4ô)}3AgNO3]3(NO3)12.AgNO3.22H2O . 

 

Fig 1.5: View the X-ray crystal structure of (a) cation  [{enPt(bpzN4,N4ô)}3- 

AgNO3]2(NO3)8(PF6)4.15.5H2O and (b) detail of the central molecular Pt2Ag2 square 

adopted from 
{ 59}

. 
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Fig 1.6: View of the Molecular container [{enPt(bpz-N4,N4ô)}3AgNO3]3(NO3)12 

.AgNO3.22H2O adopted from 
{59}

. 

The Triangles [{enPd(N4,N4ô-bpz-N1,N1ô)Pden}3]
+12

 used in 2010 as host molecules of 

Sulfate
{60}

. 

 

Fig 1.7: Side view (top) view of cation 1 (bottom) without and with SO4
-2

 · H2O 

enclosed. The SO4 
-2

 ion is disordered over two positions, whereas H2O occupies a single 

one adopted from
 {60}

.  
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And molecular architecture with 2,2ǋ-bipyrazine and palladium to produce infinite Loop 

and molecular square. By the potential of [L2Pd(2,2ǋ-bpz-N1,N1ǋ)]
2+

 [L2 = en, L = H2O, 

2,2ô-bpz = 2,2ô-bipyrazine]  for use as an angular element in the generation of self-

organized systems of variable molecular architecture has been studied. Ag+ forms an 

infinite loop [enPd(2,2ǋ-bpz-N1,N1ǋ)Ag]n(ClO4)3n with [enPd(2,2ǋ-bpz-N1,N1ǋ)]
2+

, in 

which the metal ions function as cross-linking agents between the organic entities 2,2ǋ-

bpz. Complex [(H2O)2Pd(2,2ô-bpz-N1,N1ô)]
2+

, on the other hand, self-assembles as a 

bis(ɛ-OH) dinuclear species [(2,2ǋ-bpz-N1,N1ǋ)Pd(OH)2Pd(2,2ǋ-bpz-N1,N1ǋ)](NO3)2.4 

H2O, and in the presence of 4,4ǋ-bipyridine (4,4ǋ-bpy) as a molecular square of [{(bpz-

N1,N1ǋ)Pd(4,4ǋ-bpy)}4](NO3)8.14.4 H2O with the heteroaromatic 4,4ǋ-bpy ligands 

representing the cross-linking entities
{61}

. 

 

Scheme 1.12: Outlined of [L2Pd(2,2ô-bpz-N1,N1ô)]
2+

 cations [L2 = en, L =H2O, 2,2ô-bpz 

= 2,2ô-bipyrazine]  represent useful angular units for the generation of larger cationic 

aggregates adopted from 
{61}

. 
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Fig 1.8: View of the tetranuclear cation of [{(bpz-N1,N1ô)Pd(4,4ô-bpy)}4](NO3)8.14.4- 

H2O with four water molecules inserted adopted from 
{61}

.  

 

Lippert group in 2006 prepared a molecular architectures with Pt
II
 and Pyrazine as a 

building block, start from prepare pyrazine (pz) complexes containing cis-(NH3)2Pt
II
, 

(tmeda)Pt
II 

(tmeda ) N,N,Nǋ,Nǋ-tetramethylethylenediamine), and trans-(NH3)2Pt
II
 entities, 

then synthesis  a dinuclear complex, a cyclic tetranuclear complex, and a trinuclear 

mixed-metal complex, And characterized by X-ray crystallography and H
1
 NMR 

spectroscopy. An example of the complexes which prepared in this work is a cyclic 

tetranuclear complex cis-[{(NH 3)2Pt(pz)}4](NO3)8.3.67H2O
{62}

 which is displayed in (Fig 

1.9) . 
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Fig 1.9: View of the cation of open pz box of cis-[{(NH 3)2Pt(pz)}4](NO3)8.3.67H2O 

adopted from 
{62}

. 

M. E. Kelly et al
{63}

, Prepared, characterized and study crystal structures of mononuclear 

and dinuclear complexes of dibromodimethylplatinum(IV) with  chelating bidentate 

nitrogen donor ligand one of them is 2,2ô-bipyrazine, to produces a number of complexes 

of the types [PtBr2Me2(N 
 

N)], an example of this type of compounds is 

[PtBr2Me2(2,2ô-bpz)]. 

A. Galstyan et al
{64}

, studied the X-ray crystal structure of a hostïguest [{(en)Pt(2,2ô-

bpz,N4,N4ô)}3](NO3)2(SO4)2·13H2O reveals a NO3
- 

ion sandwiched between pyrazine 

moieties and oriented roughly perpendicular to the Pt3 plane, which is in contrast to the 

in-plane orientation of NO3 
-
 when a second anion (ClO4

 -
) is taken up by the Pt3 

metallacycle simultaneously. 
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Fig 1.10: View of the NO3
-
 sandwiched between pz rings A and D of cation 

[{(en)Pt(2,2ô-bpz,N4,N4ô)}3]
+6

 adopted from
{64}

. 

The reaction of 2,2ô-bipyrazine (2,2ô-bpz) with cis-(NH3)2Pt
II
 in water gives a variety of 

products, several of which were isolated and characterized by X-ray analysis: cis-

[Pt(NH3)2(2,2'-bpz-N4)2](NO3)2·3H2O, [{cis-Pt (NH3)2(2,2'-bpz-N4,N4')} 3](PF6)5NO3·7 

H2O, [{cis-Pt(NH3)2(2,2'-bpz-N4, N4')} 3](BF4)2(SiF6)2·15H2O, and [{cis-Pt(NH3)2(2,2'-

bpz-N4,N4')} 4] (SO4)4·22H2O
{13}

. 

 

Fig 1.11: View of the(a) Schematic view of cation [{cis-Pt(NH3)2(2,2'-bpz-N4, 

N4')} 3](BF4)2(SiF6)2·15H2O. (b) Molecular cation with atom numbering scheme. (c,d) 

Space filling representation with a BF4
-
, and H2O included (upper and lower views, 

respectively) adopted from
{13}

. 


