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SYNTHESIS AND CHARACTERIZATION OF BIDENTATE LIGANDS WITH 

RUTHENIUM COMPLEX FOR LUMINESCENT TESTING 


Khaw Ying Ying 


Resource Chemistry 
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Universiti Malaysia Sarawak 


ABSTRACT 
a-Diimine such as diazabutadiene was a type of bidentate Schiff base ligand used for the 
synthesis ofruthenium complex as it mimicked the aromatic bipyridine ruthenium complex that 
emits luminescence. Many diimine ligands structures had been modified to increase the 
emission quantum yield and luminescence lifetime. DAB-containing complexes had been 
widely studied while BIAN compound itself had only been recently explored for the 
photophysical properties due to its electron delocalization from the naphthalene unit. Their 
unique properties allowed further research on the binding to metal especially ruthenium(I1) 
complex to test on the luminescence properties. Thus, the objective of this project was to 
synthesize and characterize the a-<iiimine ruthenium(I1) complex for luminescent testing. In this 
study, the ligands were synthesized by using a diketone and substituted aniline through 
condensation process. The ruthenium(I1) complexes containing phosphorus type ligands were 
synthesized by the substitution of DAB into RuCh·xH20 while BIAN substituents into 
RU(PPhJ)3Ch under reflux condition in ethyl acetate and dichloromethane respectively. The 
complexes were confirmed to have binding with the diimine and P-containing ligands in an 
octahedral geometry. Ruthenium(II) complex with CH3-BIAN ligand was found to produce 
luminescence under UV lamp. 
Keywords: a-<iiimine, DAB, BIAN, ruthenium(I1) complex, luminescence 

ABSTRAK 
a-Diimina seperti diazabutadiene adalah sejenis ligan Schiff bes bidentat yang digunakan untuk 
sintesis komplek rutenium kerana ia merupai komplek rutenium bipyridina aromatik yang 
mengeluarkan pendarkilau. Banyak struktur ligan bidentat telah diubahsuai untuk 
meningkatkan pengeluaran kuantum hasi! dan jangka hidup pendarkilauan. Komplek yang 
mengandungi DAB telah dikaji denla"n meluas tetapi kajiaan kompaun BlAN masih lagi di 
tahap permulaan untuk kegunaan perdarki!au disebabkan oleh penyelerakan elektron dari unit 
naftalena. Keistimewaan penggunaannya membolehkan penyelidikan yang selanjutnya dalam 
pengikatan pada komplek logam terutamanya komplek rutenium(II) untuk mengaji 
perdarkilauannya. Oleh itu, objektif projek ini adalah untuk mensintesiskan dan mencirikan a­
diimina komplek rutenium(II) untuk pendarkilauan. Ligan telah disintesiskan menggunakan 
diketon dan tukar ganti anilin melalui proses kondensasi. Komplek rutenium(II) yang 
mengalldungi jenis ligan fosforus telah disintesiskan menggunakan penukargantian DAB pada 
RuCh·xH20 manakala penukar ganti BlAN pada Ru(PPh3)JCI2 dijalankan dalam keadaan 
refluks dengan menggunakan eti! asetat dan diklorometana masing-masing. Kompleks tersebut 
lelah disahkan mempunyai pengikatan ligan fosforus dan diimina dalam susunan octahedron. 
Komplek rutenium(ll) dengan ligan CH3-BlAN telah disahkan mengeluarkan pendarkilau 
m nt'rusi lampu UV 
Kala kunci: a-diimina, DAB, BlAN, rutenium(II) komplek, pendarkilau 
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1.0 Introduction 

Bipyridine (bpy) is the fIrst diimine that shows the presence of luminescent properties and has 

been actively further studied since the past few decades (White et al., 2010). Luminescence is 

an emission oflight by the complex due to the relaxation of the excited state to the ground state. 

[RU(bpY)3f+ is well known to be a luminophore for producing redox-active and luminescent 

supramo1ecular metal complex. The popularity for the research is because the fundamental 

mononuclear [Ru(bpY)3f+ has stable ground and excited state properties that can be easily 

modified and synthesized by selection of their heterocyclic ligands (Nag et al., 2011). The 

modification is to support the complex with possible higher absorption and emission energies 

across the UV, visible and near IR regions. Other modification includes the transformation from 

typical [Ru(bpY)3]2+ to tridentate, [Ru(C"NI\C)(bpy)(C=N)]2+ that has successfully increased the 

quantum yield that can be used for endocytosis luminescent imaging (Tsui et al., 2015). The 

advancement also includes the fact that the structure contains non-labile auxilIary ligand, C=N 

and it is nontoxic for both human breast carcinoma cell and immortalized noncancerous human 

retinal pigmented epithelium cell. From time to time, researchers have further explored the 

theories and reasons behind the luminescence properties. Not all late transition metal 

coordinated to diimine ligands will �h�a�,�~ �, �l�u�m�i�n�e�s�c�e�n�c�e� emission. However, ruthenium complex 

synthesized with modified diimine such as phenanthroline (phen) which is a modification of 

bipyridine structure with more aromatic rings can contribute to luminescence properties due to 

its highly rigid structure. Rajendiran and coworkers (2012) have reported that phen and dipyrido 

[3, 2-a: 2', 3'-c] phenazine (dppz) ruthenium complex exhibit intense luminescence in the 

presence of double helical DNA. The dppz moiety is sealed from solvent quenching upon 

int calation into DNA. Other than probes, ruthenium complex is also popular in luminescent 
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