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Copper(I) ions are generally unstable in aqueous solution and readily disproportionate to copper(II) and 

copper(0).  In this work, copper(I) is formed and stabilized under aerobic conditions by the addition of 

glutathione (GSH) which acts as a reducing and complexing agent.  The extraction of Cu(I) with 

heterocyclic bidentate amines such as 2,9-dimethyl-1,10-phenanthroline (dmp), 2,9-dimethyl-4,7-diphenyl- 

1,10-phenanthroline, and 2,2’-biquinoline has been studied in the presence of GSH.  The formation of the 

Cu(I)-GSH complex in the aqueous solution was confirmed by spectrophotometry under aerobic conditions.  

Time-course measurements of the absorbance indicated that the Cu(I)-GSH complex retained stability 

toward re-oxidation by air for at least 6 h in the presence of a 10-fold excess of GSH at pH 5-7.  The 

quantitative extraction of copper(I) was accomplished with 5.0 × 10−4 M dmp in chloroform or 

1,2-dichloroethane in the presence of 5.0 × 10−4 M GSH and 0.10 M ClO4
− at pH 3-6.  The extracted 

species was found to be Cu(dmp)2ClO4 by the substoichiometric extraction method.  

  

  

1. Introduction 

Copper widely occurs in biological and geological materials and is found in different oxidation states, 

typically 0, +1, and +2, which depend on the chemical environment of copper in the materials.  In 

biological systems, it is known that Cu(I) and Cu(II) exist and play an important role in redox and electron 

transport processes.  

Since Cu(I) ions in aqueous solution is unstable and readily disproportionate to Cu(II) and Cu(0), 

any ligand that forms stable Cu(I) complexes is essential to prevent the disproportionation reaction.  In the 

previous studies concerning the extraction of Cu(I), Cu(II) was reduced to Cu(I) using reducing agents such 

as hydroxylamine hydrochloride and ascorbic acid in the presence of chloride [1], thiocyanate [2,3], and 

halides[4] as the designated ligand (X−) and extracted with quaternary ammonium ions (Q+) into 

1,2-dichloroethane and chloroform as an ion pair, Q+·CuX2
−.  On the other hand, the well-known bidentate 

ligands, 1,10-phenanthroline [5], 2,9-dimethyl-1,10-phenanthroline [6,7], and 2,9-dimethyl-4,7-diphenyl- 

1,10-phenanthroline [8], have been employed for the spectrophotometric determination of Cu(I) after the 

reduction of Cu(II) with hydroxylamine and extraction into alcohol solvents.  To the best of our 

knowledge, there is no study on the extraction equilibrium of Cu(I) with those ligands in spite of many 

spectrophotometric applications [9].  This was due to lack of knowledge of the stabilization of the Cu(I) 

species in not only the organic but also the aqueous phases in the equilibrium study. 
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