African Journal of Pure and Applied Chemistry Vol. 5(6), pp. 149-154, June 2011

Available online at http://www.academicjournals.org/AJPAC
ISSN 1996 - 0840 ©2011 Academic Journals

Full Length Research Paper

A study on the solid phase extraction of Co(ll)-lIIDE
chelate with C,5 disk and its application to the
determination of trace cobalit

Ali Moghimi'*, Shahriar Ghammamy?, Reza Ghiasi®

'Department of Chemistry, Varamin (Pishva) Branch Islamic Azad University, Varamin, Iran.
Department of Chemistry, Faculty of Science, Imam Khomeini International University, Qazvin, Iran.
®*Department of Chemistry, East Tehran (Ghiam Dasht) Branch Islamic Azad University, Tehran, Iran.

Accepted 14 April, 2011

A sensitive, selective and rapid method has been developed for the determination of pg I” level of
cobalt based on the rapid reaction of cobalt(ll) with isopropyl 2-[(isopropoxy carbothioyl) disulfanyl]

ethanethioate chelate (IIDE) and the solid phase extraction (SPE) of the colored chelate with Waters
Porapak Sep-Park C18 disk. The isopropyl 2-[(isopropoxy carbothioyl) disulfanyl]lethanethioate chelate
can react with Co(ll) in the presence of pH 4.2 acetic acid /sodium acetate buffer solution and cetyl
trimethylammonium bromide (CTMAB) medium to form a violet chelate of a molar ratio of 1:2 (cobalt to
Isopropyl 2-[(isopropoxy carbothioyl) disulfanyl]ethanethioate chelate. This chelate can be retained on
Waters Porapak Sep-Park C;g disk quantitatively when they passed the disk as aqueous solution. At the
end of the enrichment, the retained chelate can be eluted from the disk by 2.5 ml of ethanol (contaln 5%

acetlc acid). In the measured solution, the molar absorptivity of the chelate was 1.58 x/105 1 mol

'at 635 nm, and Beer’s law was obeyed in the range of 0.01-/0.4 ug mi™.

The relative standard deV|at|on

for 11 replicate sample of 0.01 pg.ml™ level was 2.54%. The detection I|m|t was 0.01 pg ml™ (in original
samples). This method can be applied for the determination of pg ml™ level of cobalt in drinking water

with satisfactory results.

Key words: Cobalt, solid phase extraction spectrophotometry, isopropy! 2-[(isopropoxy carbothioyl) disulfanyl]

ethanethioate chelate (IIDE).

INTRODUCTION

Cobalt is an important element, not only for industry but
for biological systems as well. In rapidly expanding the
analytical fields such as environmental, biological and
material monitoring of trace metals, there is an increasing
need to develop simple, sensitive and selective analytical
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Abbreviations: IIDE, Isopropyl 2-[(isopropoxy carbothioyl)
disulfanyl] ethanethioate chelate; SPE, solid phase extraction;
CTMAB, cetyl trimethylammonium bromide; NMR, nuclear
magnetic resonance; IR, infrared; EDTA,
ethylenediaminetetraacetic acid; CTMAB, cetyl trimethyl
ammonium bromide; EGTA, glycoletherdiamine tetraacetic acid
zinc salt; SDS, sodium dodecyl sulfate; ICP-MS, inductively
coupled plasma mass spectrometry; EGTA, ethylene glycol
tetraacetic acid.

techniques that do not use expensive or complicated test
equipment. For this reason, a wide variety of spectro-
photometric methods for the determination of cobalt have
been reported. The main chromogenic reagents are
pyridylazo reagents, thiazolylazo reagents, benzothia-
zolylazo reagents, 8-aminoquinoline derivatives, nitroso
dyes among others (Watanabe, 1974; Siroki et al., 1975;
Khan et al., 1998; Ferrira et al., 1996; Busev et al.,1969;
Shen et al., 1988; Carvalho, et al., 1996; San Andres et
al., 1994; Singh et al., 1999; Park and Cha, 1998;
Eskandari et al., 2001; Amin et al., 2001; Zhao et al.,
1992; Tehrani et al., 2005; Carvalho et al., 1996; Park et
al., 1998; San Andres et al., 1994: Moghimi et al., 2006;
Hu et al., 2001; Nayebi and Moghimi, 2006; Moghimi,
2006; Watanabe, 1974). But the study of 2- quinolylazo
deriva-tives such as chromogenic reagents for the deter-
mination of cobalt has received little attention. In previous
work, some 2-quinolylazo derivatives were synthesized
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and applied to the determination of metal ion (Chen et al.,
2001; Hu et al., 2001; Moghimi, 2007a; Moghimi, 2007b;
Hu et al., 2002; Zhao et al., 1992; Singh et al., 1999; San
Andres et al., 1994; Poursharifi and Moghimi, 2009;
Moghimi et al., 2009). In this paper, we thoroughly
studied the colour reaction of isopropyl 2-[(isopropoxy
carbothioyl) disulfanyl] Ghiasvand et al, 2006
ethanethioate chelate (IIDE) with cobalt (I1), and the solid
phase extraction (SPE) of the coloured chelate with
Waters Porapak Sep-Park Cig disk. A high sensitive,
selective and rapid method for the determination of cobalt
was developed.

MATERIALS AND METHODS
Apparatus

A spectrophotometer (Model 722, Third Analytical Instrument
Factory, China) equipped with 1 cm cells was used for all
absorbance measurements. Waters SPE device, which can prepare
20 samples simultaneously, Waters Porapak Sep- Park Cis disk (1
cc per 30 mg, 30 mm) (Waters Corporation). The pH measurements
were made with a Model pH S-2 C pH meter.

Reagents

Synthesis of sodium Isopropyl 2-[(isopropoxy carbothioyl)
disulfanyl] ethanethioate reagent (lIDE)

lodine (1 mM) in CHxCl> (10 ml) was added to a stirred solution of
potassium o-isopropyl(dithiocarbomate) (1 mmol) in CH>Cl> (10 ml)
and stirred for 1 h. The reaction mixture was washed with 10% of
aqueous NapS>03 (2x10 ml) and H2O (2x10 ml). The organic layer
was dried over MgSO, and evaporated under reduced pressure.
More purification was carried out with the re-crystallization in
hexane, so that the pale yellow crystals of L were obtained in 90%
yield (0.24 g). The structure and purity of L was confirmed by
elements analysis, Nuclear magnetic resonance (NMR) and infrared
(IR) spectroscopy. 'H NMR (CCls). & (ppm): 1.43 (t, 12H, CHa), 5.63
(m, 2H, CH). IR (KBr). vmax (cm™): 2979.8 (s), 2869.9 (w), 1463.9
(s), 1442.7 (s), 1373.0 (s), 1271.1 (s, b), 1145.6 (s), 1082.2 (s),
1048.0 (s, b), 898.8 (s), 796.5 (s), 690.5 (m). a 2.5x10* mol I of
solution was prepared by dissolving (IIDE) with ethanol. All of the
solutions were prepared with ultrapure water obtained by a Milli-
Q50 SP reagent water system (Millipore Corporation). A stock
standard solution of Co(ll) (1.0 mg mI"") was prepared by dissolving
appropriate amount of Co(NQOs)2.6H20 with water and adjusting the
volume to 500 ml in a 500 ml calibrated flask, then standardized by
ethylenediaminetetraacetic acid (EDTA) titration, a working solution
of 0.2 mg mI" was prepared by diluting this solution with acetic
acid/sodium acetate buffer solution of pH 3.8, cetyl trimethyl
ammonium bromide (CTMAB) solution 2.0%, dissolving with 10% of
ethanol, glycoletherdiamine tetraacetic acid zinc salt (Zn-EGTA)
solution, 5%. NaF solution: 10%. All chemical used were of
analytical grade unless otherwise stated.

Procedure

To a standard or sample solution containing no more than 1.0 mg of
Co(ll) in a 250 ml of flask, 10 ml of acetic acid sodium acetate
buffer solution, with a pH of 3.8, 5.0 ml of Zn EGTA solution, 5.0 ml
of NaF solution, 5.0 ml of IIDE solution and 5.0 ml of CTMAB

solution were added. The mixture was diluted to a volume of 250

ml and mixed well. After 10 min, the solution was then passed to
the Waters Porapak Sep-Park Cig disk at a flow rate of 50 ml.min™.
The coloured chelate would be retained on the disk. At the end of
the enrichment, the retained chelates from the disk were eluted with
2.5 ml of ethanol (contain 5% acetic acid) at a flow rate 5 ml.min™ in
reverse direction. The absorbance of this solution was measured at
635 nm in 1 cm cell against a reagent blank prepared in a similar
way without cobalt.

RESULTS AND DISCUSSION
Absorption spectra

In the measured solution, the absorption spectra of IIDE
and its Co(ll) chelate are shown in Figure 1. The
absorption peaks of IIDE and its complex are located at
478 and 635 nm.

Effect of acidity

Results showed that the optimal pH for the reaction of Co
(I with (IIDE) was 2.5-/52. A pH of 4.2 was
recommended as the addition of 5-15 ml of the acetic
acid-/sodium acetate buffer solution (pH 4.2) per 250 ml
of final solution was found to give a maximum and
constant absorbance. The use of 10 ml of buffer was
recommended.

Effects of surfactants

Both the IIDE and the Co(ll)-IIDE chelate had poor
solubility in water solution. There was need to add
surfactants to enhance the solubility of Co(ll)-lIDE
system. Experiment shows that all the anionic surfactants,
nonionic surfactants or cationic surfactants have good effect
to enhance the solubility. But in the presence of the anionic
surfactants sodium dodecyl sulfate (SDS), SDBS medium,
the Co(ll)-IIDE chromogenic system gives a low absorption,
whereas in the presence of non-ionic surfactants or
cationic surfactants, the absorption of the chromogenic
system increases markedly. Various non-ionic surfactants
and cationic surfactants enhance the absorbance in the
following sequence. CTMAB>Tween-80>CPB>/Tween-
20>/TritonX-100. Accordingly, CTMAB is the best
additive. The addition of 4.0-/8.0 ml of CTMAB solution
give a constant and maximum absorbance, and the use
of additional 5.0 ml were recommended.

Effect of IIDE concentration

The addition of about 5.0 ml of 2.5x10™ mol I of IIDE
solution has been found to be sufficient for a complete
reaction. Accordingly, 5.0 ml of IIDE solution was added
in all further measurement.
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Figure 1. Absorption spectra of IIDE and its Co(ll) chelate: (1) IIDE -CTMAB blank against
water; (2) (IIDE) Co (Il)- CTMAB complex against reagent blank.

Stability of the chromogenic system

After mixing the components, the absorbance reached its
maximum within 5 min at room temperature and
remained stable for at least 8 h in water solution. When
extracted into the ethanol medium, the chelate could be
kept stable for at least 15 h.

Solid phase extraction

Both the enrichment and the elution were carried out on a
Waters SPE device, which can prepare 20 samples
simultaneously. The flow rate was 50 ml min" when
enrichment and 5 ml min' when eluted. Some
experiments were carried out in order to investigate the
retention of IIDE and its Co(ll) chelate on the disk. It was
found that the IIDE and its Co(ll) chelate could be
retained on disk quantitatively when they pass the disk as
an aqueous solution. The capacity of the disk for IIDE
was 25 mg and its Co(ll) chelate was 20 mg in a 250 m|
of solution. Under the circumstance of this experiment,
the disk had adequate capacity to enrich the Co-IIDE
chelate and the excessive IIDE. In order to choose a
proper eluant for the retained [IDE and its Co(ll) chelate,
various organic solvents were studied. It was found that

the tetrahydrofuran, acetone, acetonitrile, ethanol and
methanol could elute the IIDE and its Co(ll) chelate from
disk quantitatively. Ethanol had a low volatility, toxicity
and price, so ethanol was selected. Co(ll)-IIDE chelate
had a good stability in weak acid medium. Containing 3-
/10% of acetic acid in ethanol could increase the stability
of the Co(ll)-IIDE chelate in the course elution. So
ethanol (containing 5% of acetic acid) was selected as an
eluant. Experiment shows that it was easier to elute the
retained IIDE and its Co(ll) chelate in reverse direction
than in forward direction, so it is necessary to upturned
disk during elution. Ethanol (2.5 ml, containing 5% of
acetic acid) was sufficient to elute the IIDE and its Co(ll)
chelate from disk at a flow rate of 5 ml min™'. The volume
of 2.5 ml eluant was selected.

Calibration curve and sensitivity

The calibration curve (Figure 2) shows that Beer’s law is
obeyed in the concentration range of 0.01- 0.4 mg Co(ll)
min in the measured solution. The linear regression
equation obtained was: A= 2.475C (mg [")+0.008,
(r=/0.9999). The molar absorptivity in the five measured
solution was calculated to be 1.58x105 I mol™ cm™ at 635
nm, and the sandell sensitivity was 3.67x/10* mg cm™.
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Figure 2. Calibration curve.

Table 1. Tolerance limits in the determination of 1 mg of Co(ll) with IIDE (relative

error+/5%,.
Tolerate (mg) lon added

100 SCN-, tartrate, thiourea, NO3, CI', Na*K", borate oxalate
80 Citrate, benzoate, succinate, ascorbate, SO4>, NH,*
30 Li*,AP*,PO,>
10 F,Br, ClO4,Ca®*" ,Mg**
4 Sr**, Ce(IV), Ba®', Zr(1V)
1 Mn®" W(WI), Mo(VI), Zn®*

0.8 Ti(IV), Bi(lll), V(V), Cr(VI), Zr(IV), Ni**, Th(IV), Fe**
0.2 Ti(lll), Ag*,Cd®*,Cr * ,Fe?*La*", Sn(IV), Pb**,Cu **
0.6 Ru(lll), Bi(lll), Hg **,Sb**,Pd**, Sn(IV)

0.05 Se(1V), U(VI), Te(1V), Au®*, Pt

0.008 Os (VIII), Ir(1V), Sb(lll)

The relative standard deviation at a concentration level of
0.01 mg ml” of Co(ll) mI”" (11 repeat determination) was
2.54%. The detection limit is 0.01 mg ml™" (in original
samples).

Composition of the complex

The composition of the complex was determined by a
continuous variation and the molar ratio method. Both
showed that the molar ratio of Co(ll) to IIDE is 1:2, which
probably has the following structure.

Interference

The selectivity of the proposed method, investigated by

the determination of 1.0 mg Co(ll) in the presence of
various ions within a relative error of +/5% are given in
Table 1. Result show that masked with Zn-EGTA and
NaF, most foreign ions did not interfere with the
determination. This method is highly selective.

Application

The proposed method has been successfully applied to
the determination of cobalt in three real drinking water
samples (tap water of Saveh, pure water (TWT
Corporation of Varamin) and well water of Varamin). The
results are shown in Table 2, together with results of a
recovery test by adding a known amount of silver in water
sample. A standard method with inductively coupled
plasma mass spectrometry (ICP-MS) has also been used
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Recovery R.S.D.% (n=5) This method (ug.g™")* Reference method (ug.g™')* Samples
98 3.0 10.8 11.9 Tap water
100 2.2 6.09 5.28 Pure water
96 2.1 19.0 18.5 Well water

as a reference method.

Conclusion

This method is highly selective and high in sensitivity.
IIDE is one of the most sensitive and selective
spectrophotometric reagents for cobalt. The molar
absorptivity of the chelate reaches 1.58x 105 | mol” cm™.
Most foreign ions do not interfere with the determination
when masked with NaF and Zn- ethylene glycol
tetraacetic acid (EGTA). By SPE with Waters Porapak
Sep-Park Cqg disk, the Co(ll) - IIDE chelate in 250 ml
solution can be concentrated to 2.5 ml. The detection
limit is 0.01 ug I (in original samples), and pg I level
cobalt in drinking water can be determined with
satisfactory results. The consumtion of organic solvents
in this method is much lower than those consumed in
liquid-liquid extraction method. Since ethanol has a lower
volatility and toxicity, this method is more safe than
methods that uses other organic solvents. By using
Waters SPE device, 20 samples can be prepared
simultaneously. This method is rapid for simultaneously
preparing large amount of sample.
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