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Abstract−− The spectrophotometric method for 
the determination of cuprous ions in solution pre-
sented by Anwar et al. (2000), has since been ana-
lyzed and improved, especially with regard to inter-
ference from iron and ion species commonly found in 
acid mine drainage (AMD). The reduction of cupric 
ions in the presence of ferrous ions, not considered 
by Anwar et al., renders this method unfeasible for 
cuprous ion determination. In the absence ferrous 
ions, the method is simple, fast, economic, accurate 
and very reliable for total copper determination, 
even for copper concentrations as low as 5 mg/L. 
Iron concentrations > 5 g/L produce less than 3% 
error in determination of copper concentrations of 
50 mg/L. Typical AMD ion concentrations do not in-
terfere, except for aluminum which interferes signif-
icantly at ten times (x10) AMD concentration 
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I. INTRODUCTION 
Acidic sulfate-based solutions are the most common 
leaching agents used in hydrometallurgical processing. 
It is known that leaching operations with chloride-based 
solutions have faster kinetics and dissolution extent than 
sulfate-based solutions for primary sulfides, such as 
chalcopyrite. However, the high costs involved in con-
struction materials and maintenance due to the high cor-
rosivity of these solutions and the interference caused 
by chlorides in the solvent extraction process are a 
drawback that leads to the choice of sulfate-based solu-
tions.  

Copper ions released from the mineral to the leach-
ing solution can form copper-chloride complexes of 
CuClX structure in highly concentrated chloride solu-
tions. Some authors (Parker et al., 1981; Crundwell, 
1988) have pointed out that those complexes could act 
as a second redox couple. Cu+2ClX-1 complexes can 
oxidize the mineral, releasing cuprous ions in the form 
of Cu+ClX, which can in turn be re-oxidized to cupric 
ion by dissolved oxygen or ferric ions. This copper-
based redox couple has a higher redox potential than the 
Fe+3/Fe+2 couple, thus explaining the higher leaching ki-
netics observed in chloride leaching media. 

Cuprous ion occurrence is under-reported in sulfate-
based solutions both in free and in complex form. It is 
commonly reported that cuprous ions are unstable in so-
lutions of low chloride content due to the high oxidation 
rate of free cuprous ions by oxygen or ferric ions, both 
present in leaching operations. However, the existence 
of free cuprous ions in solutions with high ferrous ion 
content has recently been reported (Matocha et al., 
2005), providing a feasible explanation of reductive 
chalcopyrite leaching (Hyroyoshi et al., 2001, Third et 
al., 2000). 

Anwar et al. (2000) proposed a simple spectropho-
tometric method to measure the Cu+1/Cu+2 ratios in sul-
fate-based solutions. This method is based on the reac-
tion between bicinchoninic acid (BCA) and cuprous 
ions, forming a purple complex that is easily measured 
by spectrophotometry. Nevertherless, laboratory results 
and a careful analysis of the proposed method question 
its feasibility in detecting cuprous ions present in leach-
ing solutions.  

In this paper we re-analyze and modify the BCA me-
thod proposed by Anwar et al., further investigating the 
interference produced by cations and anions commonly 
found in acid mine drainage (AMD) in order to enhance 
the method’s performance.  

II.  MATERIALS AND METHODS 
A. Reagents 
Bicinchoninic acid (2.2′-Biquinoline-4.4′-dicarboxylic 
acid, or BCA) was purchased from Sigma. All other 
reagents used in this study were also of analytical grade. 
The BCA reagent was prepared dissolving 0.01g reac-
tant in 100 mL of distilled water previously set at pH 12 
with NaOH. Phosphate buffer 1 M (pH 6.8) was pre-
pared by mixing 8.7 g of K2HPO4 and 6.8 g of KH2PO4 
in 100 mL distilled water. A stock solution of 100 mg/L 
cupric ion was prepared dissolving 0.393 g Cu-
SO4·5H2O in 1 L distilled water at pH 2 for total copper 
measurements. For total copper determination, hydrox-
ylamine·HCl (10%) was used to reduce cupric to cupr-
ous ion.  

B. Protocol 
The original protocol was modified considering the tar-
trate buffer unnecessary if a phosphate buffer is always 


