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Study of liquid and membrane extraction [1] is 
important in view of development of processes of 
recovery, concentration, and separation of rare and 
trace elements. We have earlier demonstrated a rapid 
interphase and transmembrane transport of certain 
metal ions aided by neutral aminophosphine oxide 
carriers [2]. Furthermore, we have shown the 
application of lipophilic phosphorylated derivatives of 
natural amino acids as membrane extracting agents [3].  

In this work we studied properties of N-bis(2-
ethylhexyloxy)phosphorylmethyl derivatives of 
sarcosine (I) and β-alanine (II) as new agents for 
liquid extraction of Cu(II), Fe(III), Ni(II), and Сo(II) 
ions from nitric acid aqueous solutions. Degree of 
extraction of the metal ions with compound I as a 
function of pH is tabulated below. 

The obtained results show the increasing degree of 
the metal ions extraction with increasing pH of the 
aqueous phase, the extracting efficiency decreasing in 
the Cu(II) > Fe(III) > Ni(II) ≈ Сo(II) series. The ob-
served trend was typical of metal ions extraction via 

the cation-exchange mechanism. Noteworthily, copper 
could be extracted even from the strongly acidic media. 

The lower efficiency of iron ions extraction in 
comparison with that of copper ions looked unusual. 
Indeed, most phosphorylated agents have exhibited 
better extraction of Fe(III) ions; for instance, tributyl 
phosphate extracts Fe(III) but not Cu(II) [4]. The 
observed feature was due likely to the contribution of 
the amino acid fragment to the complex formation: 
copper(II) is known to form strong complexes with 
amino acids [5]. 

Leaching solutions containing sulfuric acid are 
important objects of copper hydrometallurgy. We 
studied the effect of pH of the sulfuric acid-containing 
aqueous phase pH on degree of extraction of the ions 
with 0.05 mol/L solution of the extracting agents in 
chloroform. The results demonstrated that copper(II) 
ions could be extracted with similar efficiency from 
both sulfuric and nitric acid media: in both cases pH of 
semiquantitative extraction was close to 0.5.  
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рН 0.39 0.55 0.90 1.00 1.80 2.90 3.20 

Fe (III) 2.99 31.73 37.90 54.70 99.22 99.53 99.07 

Cu (II) 54.01 95.65 98.64 99.38 99.70 99.85 99.90 

Co (II) 7.07 5.18 7.20 5.00 3.80 26.78 39.14 

Ni (II) 5.62 4.42 7.50 4.70 3.80 17.90 43.80 
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The derivative II was significantly less efficient in 
the metals extraction: copper extraction was quan-
titative only at pH > 5. That could be attributed to 
lower stability of complexes of α-amino acids as 
compared to their β-analogs. For example, the stability 
constant of copper(II) complex with glycine is 15.4, 
being 12.9 in the case of β-alanine 12.9 [6].  

To summarize, the aminophosphoryl derivative of 
sarcosine, I, is a promising extracting agent selective 
with respect to Cu(II) ions; it can be used to separate 
Cu(II) ions from Fe(III), Ni(II), and Сo(II) via 
extraction from the strongly acidic medium. Details of 
the extraction process will be reported separately in the 
forthcoming paper. 

Preparation and characterization of derivatives I 
and II [7] and the experimental procedures of the 
membrane processes study [8] have been described 
elsewhere. 
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