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Extraction and Stripping of Copper(I) as a Neocuproine Complex
in a Surfactant System and Determination of Copper in Steel
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An aqueous solution containing surfactants exhibits the property of being separated into two phases due to a
temperature change or an addition of salts. The extraction and stripping of copper(I) as a neocuproine complex were
investigated between the anionic surfactant of sodium dodecylsulfate (SDS) and aqueous phases. When the surfactant was
separated by the addition of NaCl, the copper complex was extracted into the SDS phase. The stripping of copper(I) into
the aqueous phase was maintained by phase separation, which was achieved by cooling the solution. Since neocuproine is
a highly specific chromogen for copper(I), iron(Il) could not form a complex with neocuproine, and was scarcely extracted
into the SDS phase. This selective extraction was applied to the separation of copper from iron and the determination of
copper in steel samples by a spectrophotometric method and/or an atomic-absorption spectrometric method (AAS).

The surfactant-extraction technique was investigated with
a renewable interest in chemical analyses involving the sep-
aration and quantitative determination of a large number of
metal ions.!—® Traditionally, such organic solvents as ben-
zene or chloroform have been used for the extraction of metal
complexes; however, these solvents are often carcinogenic,
toxic and cause environmental pollution. The surfactant-ex-
traction method is excellent because surfactants have a non-
volatile nature and are relatively harmless reagents.”

The extraction was mainly combined with a spectropho-
tometric measurement of metals as a colored complex in the
surfactant phase. Since the surfactant phase exhibits high
viscosity and a large matrix influence, determinations in the
aqueous phase are suitable for other measurements, such as
AAS. There has been a few investigations concerning the
recovery of metals into aqueous solution from the surfactant
phase. The stripping of Cd(Il) was attempted in order to re-
cover it as a water-soluble complex of [CA(EDTA)]*~ (ethyl-
enediaminetetraacetic acid, EDTA) from the SDS phase into
water.® This process corresponds to back- or reverse-extrac-
tion in the conventional liquid-liquid extraction system. The
stripping method can be applicable to the recover of metals.
We investigated the extraction and stripping of copper(I) in
forms of the cationic complex of [Cul,]* with neocuproine
(L) between the anionic surfactant of SDS and the aqueous
phases. This surfactant extraction-striping method was com-
bined with AAS and spectrophotometric determinations of
copper in steel.

Experimental

Reagents. The 0.10 mol dm™ stock solution of copper(Il)
was prepared by dissolving a weighed amount of copper(Il) sulfate
(Kanto Chemicals) in 0.1 mol dm > sulfuric acid, and then titrimet-
rically standardized with EDTA. A 0.01 mol solution of iron(Il)
was prepared by dissolving iron(II) sulfate in 1.0 mol dm™> sulfu-

ric acid. We prepared 20% (w/v) SDS (Merck), 25% (w/v) NaCl
and 5.0% (w/v) ascorbic acid solutions by dissolving the respective
weighed amounts in water. A 2.0x107> mol dm™ neocuproine
(2,9-dimethyl-1,10-phenanthroline, Kanto Chemicals) solution was
prepared by dissolving 0.105 g in 200 cm® of water. An acetate
buffer solution was prepared by mixing the same volume of 0.30
mol dm 3 acetic acid and 0.10 mol dm 3 sodium acetate. All other
chemicals were of analytical grade.

Apparatus. AAS measurements were made using a Shimadzu
AA-625 flame atomic-absorption spectrometer. The absorbance
was measured using a Hitachi U-2000 spectrophotometer with 1.0
cm quartz cells. All pH measurements were made with a Horiba
F-11 pH meter and a combination glass electrode. A Hitachi cen-
trifuge (CF7 D2) was used for phase separations.

Procedure for Extraction of Copper. A solution containing
copper(Il) was transferred to a 10 cm® centrifuging tube with a
graduation line. To reduce the copper(Il) to copper(l), 1.0 cm® of
ascorbic acid was added. After the successive addition of 2.0 cm®
of abuffer, 1.0 cm® of SDS and 1.0 cm?® of neocuproine, the solution
was diluted to 6.0 cm® with water. After shaking the solution, 4.0
cm? of NaCl was added. By a salting-out effect, SDS was deposited
in the solution. This solution was centrifuged at 4000 rpm for 5 min.
About 1 cm® of the SDS phase was obtained at the bottom of the
tube. This phase separation is briefly termed salting-out separation.

Procedure for Stripping of Copper. The upper aqueous phase
was discarded after a salting-out separation. After the addition of
2.0 cm® of the buffer and 1.0 cm® of neocuproine, it was diluted
to the proper volume with water and cooled in an ice-water bath.
In this case, the SDS gel was generated by a cooling effect. After
centrifugation, the SDS phase settled to the bottom of the tube. This
cooling separation was available for the stripping of copper(l).

In the aqueous phase, the remaining SDS concentration was
1.4x107° moldm™, or 0.040%, which was determined by an
extraction method with ethyl violet,” and was under the critical
micelle concentration (CMC). The CMC value and Krafft point are
8.2x 1072 moldm™2 (at 25 °C) and 16 °C, respectively, for pure
SDS in water.'® The Krafft point changes with various factors,
such as the addition of electrolytes; therefore, we tried cooling of
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the solution to under 5 °C for complete phase separation. The
concentration of copper(I) in the aqueous phase was determined
by a spectrophotometric measurement at 457 nm and/or the AAS
method.

Results and Discussion

Extraction and Stripping of Copper. Neocuproine
produces intense color with copper(l), owing to the formation
of a water-soluble complex. This complex was extracted into
the SDS phase by salting-out separation with an addition
of NaCl. The SDS phase began to deposit at 3.0% NaCl
concentration. The phase separation and extraction of the
complex were completed at a NaCl concentration of over
8% when using a solution containing 2.0% SDS.

The extraction of copper(I) was independently examined
by salting-out separation and by the cooling separation. Fig-
ure 1 shows the effect of the SDS concentration on the percent
extraction of copper(l). By salting-out separation, the extrac-
tion of copper(I) was completed at an SDS concentration
greater than 0.2%. By cooling separation, on the other hand,
95% of the copper(I) remained in the aqueous phase. Based
on this poor extractability, the cooling separation was used
to strip copper(I) from the SDS phase to the aqueous phase.

Figure 2 shows the effect of the neocuproine concen-
trations on the extraction and stripping of copper(l). By a
salting-out separation, the complex of copper(I) was com-
pletely extracted into the SDS phase at more than 2.0x 10~*
mol dm~? of neocuproine. By cooling separation, the extrac-
tion of copper(I) decreased with increasing the neocuproine
concentrations. These extraction phenomena indicate that
the copper(I)-neocuproine complex was the species be-
ing extracted and stripped. First, 2.0x10™* moldm™3 of
neocuproine was added to form the complex in solution.
More than 1.0x 10™* mol dm™3 of neocuproine was needed
to strip the copper(I). However, since the percent extrac-
tion of the ligand of neocuproine was only 20% in the SDS
phase by the salting-out separation, it was necessary to again
add the ligand into the solution before stripping by cooling
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Fig. 1. Effect of the SDS concentration on the extrac-
tion of copper(l). (O) salting-out separation, (@) cooling
separation, [NaCl] = 10.0%, [Cu] = 4.0x107° moldm™>,
[neocuproine] = 2.0x 10~* mol dm ™3, pH = 3.8.
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Fig. 2. Effect of the neocuproine concentration on the ex-
traction of copper(I). (O) salting-out separation, (@) cooling
separation.

separation.

Figure 3 shows the effect of the pH on the extraction of
copper(I). At higher than pH = 3, the formation and extrac-
tion of the copper(I) complex were complete by salting-out
separation; however, the extraction of copper(I) increased
along with decreasing the proton concentrations by cooling
separation. The detailed mechanism of this pH dependence
on the stripping of copper(l) is unknown. The extraction and
stripping were performed at pH = 3.8.

Removal of Iron. Neocuproine is a highly specific
chromogen for copper(I), and fails to give complex forma-
tion with iron(1). The selectivity for copper(I) can be under-
stood to be due to a steric hindrance of the methyl groups.'?
Figure 4 shows the effect of the neocuproine concentration
on the percent extraction of iron(Il) by salting-out separa-
tion. The concentration of iron(Il) in the phases was spec-
trophotometrically determined at 510 nm by the addition of
1,10-phenanthroline. The extraction of iron(Il) was inde-
pendent of the neocuproine concentrations. Such extraction
reflected the lack of the complex formation of iron(Il) with
neocuproine.
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Fig. 3.

Effect of the pH on the extraction of copper(l). (O)
salting-out separation, (@) cooling separation.
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Fig. 4. Effect of the neocuproine concentration on the ex-

traction of iron(Il) by the salting-out separation. [Fe-
(ID}/moldm™:  (O) 2.0x107°, (M) 4.0x107>, (x)
2.0x107%, (@) 4.0x107%, (®) 8.0x107*, (+) 2.0x1073,
(A)4.0x1073, () 8.0x1073, () 4.0x 1072,

The iron(I), about 5% of the initial concentrations, was
extracted into the SDS phase by salting-out separation. An
aqua-cation of iron(II) can be electrostatically interacted with
the anionic charge of the surfactant, and was extracted. The
percent of extraction was constant and independent of the
initial concentrations of iron(Il) between the wide ranges
of 2.0x 1073 to 4.0x1072 mol dm—>; therefore, more than
99% of the iron was removed from the SDS phase by twice
extraction.

Determination of Copper in Steel. A pre-treatment
of the samples was carried out as follows. About 100 mg
of the sample was decomposed with 20 cm® of (1+1) hy-
drochloric acid and 5 cm? of (1+2) nitric acid. The solution
was heated and evaporated to dryness. The residue was
dissolved with 10 cm? of 6 mol dm—3 hydrochloric acid and
diluted with water to 100 cm>. The determination of copper
was performed after a reduction of the metals by the addition
of ascorbic acid.

Sample steels (The Japanese Standard of Iron and Steel,
JSS) containing various metals are listed in Table 1. The re-
covery of copper(I) was 95% in the aqueous phase with once
stripping by cooling separation; therefore, more than 99%
of the copper(l) was recovered by twice stripping. Table 2
gives the interference of diverse ions on the spectropho-
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tometric determination of copper(l) after successive single
extraction and twice stripping. An increase of 200-fold of
metals that are minor components of steel and the 1000-fold
of the iron(Il) did not interfere.

The copper contents in steel was determined by the AAS
method after acid-attack dissolution with aqua-regia and per-
chloric acid.'? This standard method was applied to samples
involving 0.003% to 1.0% copper with calibration curves that
were prepared in the presence of iron. On the other hand,
after salting-out extraction the remaining iron was less than
5% and did not interfere with the determination of copper
using the ordinary calibration curve prepared in the absence
of iron.

The concentrations of copper were measured in the aque-
ous phase by both the AAS and spectrophotometric methods.
The obtained analytical results were in good agreement with
the certified values (Table 1). The combination of extraction
and stripping steps, exploiting the nature of the separated
phases, seems to be a reasonable alternative to the traditional

Table 2. The Influence of Diverse Ions on the Spectropho-
tometric Determination of Copper®

Ton Added as [MJ/[Cu] Cu() found/%
Mn(II) MnSO4 20 99.1
100 99.9
200 99.5
NidI) NiSO4 20 100.1
100 99.7
200 101.3
Cr(1I) Cr(NOs); 20 100.3
100 99.6
200 100.0
Cr(VD) K7CrO4 20 100.3
100 100.0
200 100.2
Mo(VI) (NH4)sM07024 40 98.7
80 99.8
200 100.2
V(Iv) VOSO4 20 101.2
100 99.0
200 99.9
Fe(II) FeSO4 100 99.8
200 100.5
500 100.1
1000 100.0

a) 25ug cm 3 Cu(l).

Table 1. Analytical Results on the Determination of Copper in Steel Samples

Metal contents certified/% Copper contents/%
Sample Cu Mn Ni Cr Mo v Found™” Found®®
JSS 151-4 046 151 292 015 0.054 0.052 0.465+0.008 0.458+0.010
JSS152-4 045 042 195 052 1.02 0.11 0.462+0.010 0.461+0.018
JSS1534 017 083 096 1.01 133 022 0.1724+0.007 0.172+0.004
JSS154-4 021 114 050 204 071 033 0.21940.006 0.203:£0.007
JSS 1554 030 027 004 3.08 039 043 0.296+0.008 0.298+0.009

a) By spectrophotometric determination.

¢) Average of 6 determinations, and errors shown are within 95% confidence limits.

b) By Atomic absorption spectrometric determination.
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extraction procedures using organic solvents. Removal of
metals from the surfactant phase is also available to recycle
the surfactant.

This work was financially supported by the Steel Industry
Foundation for the Advancement of Environmental Protec-
tion Technology (SEPT).
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