Optimization of the Complexation and Extraction of Chromium(VI)
with Cationic Yellow 42 Dye Reagent®
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The complex formation and extraction of chromium(VI) with Cationic Yellow 42 dye reagent
has been investigated by the spectrophotometric method. The influence of the medium acidity,
concentration of the ligand, and of the dye reagent on the absorbance of the coloured extract has
been studied. The optimum conditions have been found: 0.3—0.9 mol dm ™ H380y4, 0.6 mol dm ™3

NaBr, (2.2—2.6) x 107* mol dm™3 CY 42.

Chromium is an interesting element owing to its bi-
ological activity, which depends on the oxidation state.
The chromium natural abundance in the Earth’s crust
is 8.3 x 1073 %. The several reactions of the chromium
metal are well known. Chromium can form complexes
with some organic reagents such as diphenylcarbazide
or 3,3-diaminobenzidine [1—3]. It is commonly known
that complexation ability of chromium depends on the
oxidation state of this element. This fact is usually
used for the spectrophotometric determination of the
species of this element, for example with some cya-
nine dyes [4]. Speciation of an element is the deter-
mination of the individual physicochemical forms of
that element, which by summation make up its total
concentration in a sample [5].

The preliminary experiments suggest that chro-
minm(VI) forms complexes with Cationic Yellow 42
(CY 42) basic dye reagent. The aim of this work was
to investigate the complex formation and extraction
of chromium(VI) with the above-mentioned basic dye
reagent and to find the optimum conditions.
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EXPERIMENTAL

All chemicals and solvents used were of anal. grade.
Distilled water was used throughout the experiment.
A 0.1 mol dm~2 stock solution of chromium dichro-
mate was prepared by dissolution of 2.9418 g of
K;Cry07 in 100 cm? of water. The 1 x 1072 mol dm—3
working solution of KoCraO7 was prepared by corre-
sponding dilution of the stock solution. A 1 x 1073
mol dm~2 aqueous solution of dye was prepared by
dissolution of its chloride salt. A 3 mol dm~° NaBr
solution was used for the set of required concentra-
tions of ligand. The necessary acidity of the medium
was adjusted by sulfuric acid. Toluene was used as
extractant.

The extraction was realized in the test tube at
room temperature. The volumes of phases were 5 cm?®.
Into the test tube 0.5 cm?® of 1x1072 mol dm~—2 solu-
tion of chromium(VI), necessary amount of ligand and
basic dye were added. This volume was diluted by wa-
ter to 5 cm® and extracted by 5 cm?® of toluene for 30 s.
After the extraction, the organic phase was separated
and the absorbance was measured at 430 nm against
the extract of blank test, which was prepared simi-
larly but without chromium. A Zeiss Spekol-11 spec-
trophotometer with 2 mm glass cells was used for the
absorbance measurements. All visible spectral mea-
surements were realized at 430 nm wavelength where
the maximum absorbance value was reached.
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Fig. 1. Influence of the medium acidity on the absorbance of
chromium(VI) complex. 1 x 107% mol dm—3 Crz027,
0.6 mol dm™3 NaBr, 2.2 x 10™4 mol dm~3 CY 42. 1.
Complex, 2. blank test.
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Fig. 2. Effect of the bromide concentration on the extraction
of chromium(VI) complex with CY 42 by toluene. 1 x
104 mol dm™3 crgoﬁ‘, 0.4 mol dm~—3 H3S0y4, 2.2 x
104 mol dm=23 CY 42. 1. Complex, 2. blank test.

DISCUSSION

The complexation and extraction of chromium
complexes with basic dyes are influenced by medium
acidity, concentrations of the ligand and dye reagent.
The influence of these factors on the absorbance of
coloured extract has been investigated.
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Fig. 3. Influence of the CY 42 dye reagent concentration on the
absorbance of investigated complexes. 1 x 10=% mol
dm™? Cra037, 0.4 mol dm~? H2804, 0.6 mol dm~?
NaBr. 1. Complex, 2. blank test.

The chromium(VI) complexes are extractable in
the presence of various acids such as Hy804, HCI,
H;PO,. However, the absorbance of the extract is
the highest if the necessary medium acidity is set by
H,804. Hence, sulfuric acid was selected for the fur-
ther investigations. As seen from Fig. 1, the appropri-
ate acidity range for the extraction of chromium(VI)
complex with CY 42 basic dye rcagent is 0.3—0.9 mol
dm~3 H,80,.

The effect of the bromide ion concentration on the
absorbance of coloured complexes was studied (Fig. 2).
The optimum concentration was found to be 0.6 mol
dm—3.

The influence of the CY 42 dye concentration on
the extraction of the chrominm(VI) complexes is pre-
sented in Fig. 3. The highest absorbance of the ex-
tracts was at (2.2--2.6) x 107* mol dm* CY 42 dye.

It is intended that [CrO3Br!~ (CY 42)" complex is
formed. The extraction equilibrium was established in
30 s and the absorbance of the extracts was stable for
6 h. The calibration plot obeys the Beer’s law in the
concentration range 2.1—14.5 pg em =2 of Cr(VI). The
obtained results allow developing a new procedure for
the chromium determination.
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