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Liquid Chromatographic Determination
of Co(II), Cu(Il), Ni(II), and Fe(II) using
Di-2-pyridylketon Thiosemicarbazone
(DPKT) as Derivatizing Reagent

Biirge Ascl, Giizin Alpdogan, and Sidika Sungur

Department of Chemistry, Yildiz Technical University, Davutpasa,
Istanbul, Turkey

Abstract: Di-2-pyridyl ketone thiosemicarbazone (DPKT) was examined as a
precolumn chelating reagent for high performance liquid chromatographic separation
of Co(Il), Cu(Il), Ni(II), and Fe(II) ions as metal chelates on a 10 wm Bondapak C;g
(300 mm x 3.9 mm) RP column. A gradient program with a mobile phase of aceto-
nitrile and 0.01 M pH:6.0 acetate buffer is used. Acetonitrile composition is
increased from 25 to 40% at 18 min and held at 40% for 18 min. A UV detector was
used at 400 nm. The flow rate was 1.5 mL - min~'. Limit of detection was determined
on a 30 blank basis. Interference effects from other metal ions were also investigated.
The method was applied for the determination of Co(II), Cu(Il), Ni(Il), and Fe(II) ions
in drinking and tap water samples.
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INTRODUCTION

A number of complexing reagents have been used for high performance liquid
chromatographic determination of nickel, copper, iron, and cobalt."' =% Thio-
semicarbazones are interesting reagents for metal ions, because they form
highly stable and intensely coloured complexes immediately, by bonding
through the sulphur and hydrazine nitrogen atoms, which are used for
spectrophotometric,”’ =" HPLC,"*'" yoltammetric,''*"*! determinations
and preconcentrations'*~ ' for metal ions.

Correspondence: Dr. Biirge Asci, Department of Chemistry, Yildiz Technical
University, Davutpasa 34220, Istanbul, Turkey. E-mail: burgeasci@yahoo.de

1299



17: 03 23 January 2011

Downl oaded At:

1300 B. Ascl, G. Alpdogan, and S. Sungur

Figure 1. Metal-DPKT complexes.

In the present paper, DPKT (Figure 1) has been assessed for the HPLC
determination of Co(II), Cu(Il), Ni(II), and Fe(II) ions simultaneously.

EXPERIMENTAL
Reagents and Materials

DPKT was synthetized according to Martinez, Valcarcel, and Pino’s
method,!”! and its 0.5% solution in ethanol was prepared. This solution was
stable for at least a week. Co(II), Cu(Il), Ni(II), Fe(Il) standard solutions
(1000 ppm) (Fluka) were used as suitable dilutions daily. pH 6.0 buffer
solutions (0.1 M for precolumn derivatization and 0.01 M for mobile phase
preparation) were prepared from CH3;COONa and CH3COOH in water.
Solutions of diverse ions for the interference studies, were prepared by dissol-
ving the calculated amount of each compound in order to give required con-
centrations of each species. All solutions were prepared with analytical
grade chemicals and milliQ water. For mobile phase preparation, HPLC
grade acetonitrile and milliQ water were used.

Drinking and tap water samples were collected from markets and the
municipial water supplies of Yildiz Technical University Davutpasa
Campus in February 2005. The samples were filtered through a cellulose
membrane (Millipore) of pore size 45 wm and stored in 1 liter polyethylene
bottles, then they were acidified to 1% with concentrated nitric acid (65%),
and were refrigerated at 4°C until analysis.

Apparatus

For spectrophotometric measurements, a Philips 8740 UV /VIS spectropho-
tometer and 10 mm quartz cells were used. All spectra were recorded from



17: 03 23 January 2011

Downl oaded At:

Liquid Chromatographic Determination 1301

190 nm to 500 nm with 1 nm slit width, 250 nm min ' scan speed, and very
high smooting. Chromatographic analyses were performed using a
Shimadzu HPLC system consisting of a model LC-20 AT pump unit,
SPD-20A uv-vis dedector, 7725 20 pL sample injection and a computer.
A 10 pm alphabond C;g (300 mm x 3.9 mm) RP column was used. A
gradient program with a mobile phase of acetonitrile and 0.01 M pH:6.0
buffer is used. Acetonitrile composition is increased from 25 to 40% at
18. min. and held at 40% for 18 min. The flow rate was 1.5 mL - min~ .

A UV detector was used at 400 nm.

Analytical Procedure

An aliquat of standard solution containing 0.5-25 g of Co(II), Cu(Il), Ni(Il),
Fe(II), was transferred to a 5 mL volumetric flask, 1 mL of the reagent solution
was added, and the contents were mixed well. This was followed by 1 mL of
0.1 M pH 6 acetate buffer and the volume was adjusted with water. Of this
solution, 20 L was injected onto the column and the complexes were eluted.

For the analysis of drinking and tap water samples various amounts of
analyte ions were added to the samples and the above analytical procedure
was applied.

mV

15
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Figure 2. Chromatogram of 1) DPKT, 2) Ni (II), 3) Fe(l), 4) Cu(Il), and 5) Co(II)
chelates on a 10 wm Bondapak C;g column (300 mm x 3.9 mm) with elution of aceto-
nitrile and 0.01 M pH: 6.0 acetate buffer. Acetonitrile composition is increased from 25
to 40% at 18 min. and held at 40% for 18 min. The flow rate was 1.5 mL - min~'. UV
detection was used at 400 nm.
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Table 1. Calibration equations for HPLC

Linearity Correlation  Dedection

Metal range (ng) coefficient limits (ng)
Nickel 2-100 0.9991 0.16
Iron 2-100 0.9999 0.12
Copper 2-100 0.9993 0.11
Cobalt 4-200 0.9990 0.30

RESULTS AND DISCUSSION
Complexation and Spectrophotometric Properties

The reagent reacts with Co(II), Cu(Il), Ni(II), and Fe(II), ions in an aqueous
ethanolic solution to form water soluble colored complexes in the pH range
of 4—10. The maximum colour of metals occured at pH 6. The colours of
the complexes are highly stable in ethanolic solution and no change in absor-
bance was observed for up to 24 hours. Absorption maxima of the chelates
were 400 nm for all metals studied. All chelates have a metal to ligand stoichi-
ometry of 1:2.1'7}

Separation of the Chelates

Various combinations of acetonitrile and pH 6 acetate buffer were studied for
the separation of chelates of Co(II), Cu(Il), Ni(II), and Fe(II) ions under

Table 2. Recoveries of analytes spiked into the drinking and top water samples

Found” (ng) Recovery (%)
Added Drinking Drinking Tap
Analyte (ng) water Tap water water water
Ni 0 N.D N.D — —
2.0 1.99(0.3) 2.01(0.3) 99 101
4.0 4.01(0. 2) 40.1(0.3) 100 100
Fe 0 N.D N.D — —
2.0 1.98(0.5) 2.02(0.6) 99 101
4.0 4.00(0.4) 4.02(0.5) 100 101
Cu 0 N.D N.D — —
2.0 1.96(0.4) 1.98(0.5) 98 99
4.0 3.98(0.3) 39.9(0.3) 99 100
Co 0 N.D N.D — —
4.0 4.02(0.7) 4.02(0.8) 101 101
8.0 8.01(0.5) 8.02(0.6) 100 100

“Mean of five measurement (RSD%); ND: Not Detected.
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isocratic conditions. However, the best separation was obtained by a gradient
elution with acetonitrile and 0.01 M pH:6.0 acetate buffer solution. A typical
chromatogram was obtained after injection of 20 ng of Ni(Il), Cu(Il), and
Fe(Il), and 40 ng of Co(Il). Excess of the reagent added for derivatization,
eluted before the metal chelates, and did not interfere with the determinations.
The retention times of Ni, Fe, Cu, and Co chelates were 12.7, 15.5, 17.8, and
21.5 min, respectively (Fig. 2).

Calibration and Determination
For the quantitative determination of the mixtures containing Co, Cu, Ni, and

Fe ions, calibration graphs were prepared using the external calibration
method. Linear calibration ranges and detection limits are shown in Table 1.

Table 3. Tolerance limits of interferents (for < + 3% error)

Interferent/ Interferent/ Interferent/ Interferent/

Interferent Ni(II) mole Fe(II) mole Cu(Il) mole Co(II) mole
ion ratio ratio ratio ratio
Co(II) 50 50 50 —
Fe(1I) 50 — 50 30
Cu(Il) 50 50 — 30
Ni(I) — 50 50 30
Cd(r) 50 50 50 30
Hg(1D) 50 50 50 30
Zn(II) 50 50 50 30
Bi(1I) 50 50 50 30
Pb(II) 50 50 50 30
Mn(II) 250 250 250 250
A1) 250 250 250 250
Cr(1IT) 250 250 250 250
Ca(II) 1000 1000 1000 1000
Mg(ID) 1000 1000 1000 1000
Ba(Il) 1000 1000 1000 1000
Na(I) 1000 1000 1000 1000
K(T) 1000 1000 1000 1000
Cl™ 1000 1000 1000 1000
F~ 1000 1000 1000 1000
SO;~ 1000 1000 1000 1000
NO5; 1000 1000 1000 1000
C,05 1000 1000 1000 1000
C4Hs03~ 1000 1000 1000 1000
C4H,03 1000 1000 1000 1000
HPO; ™ 1000 1000 1000 1000

HCOs5 1000 1000 1000 1000
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The reproducibility of the method was determined for 5 replicate injec-
tions of 20 ng of Ni(Il), Fe(Il), and Cu(Il), and 40 ng of Co(Il), and RSD
values were found to be 0.3, 0.6, 0.5, and 0.8 for Ni, Fe, Cu, and Co, respect-
ively. The method was applied to the determination of nickel, copper, iron,
and cobalt in drinking and top water samples using the standard addition cali-
bration technique. The results are given Table 2.

The results obtained with the proposed method were in good agreement
with the indicated value for each sample.

Interferences

Interference effects of various ions found in water samples were tested by adding
to the sample the solutions containing Co(II), Cu(II), Ni(II), and Fe(I). A foreign
ion was considered as interfering if it produced an error in the peak height of
more than + 3%. Calculated tolerance limits are shown in Table 3.

CONCLUSION

In this work, a simple and sensitive reversed phase HPLC method has been
developed for the determination of Co(Il), Cu(Il), Ni(Il), and Fe(Il) ions
simultaneously. DPKT has been examined as a precolumn chelating reagent.
This reagent can be easily prepared from inexpensive chemicals with a good
yield and reacts immediately with a limited number of metal ions to form
stable coloured complexes. A number of cations and anions did not interfere
with the determination. The applicability of the method for the determination
of the above metals in drinking and tap water samples has been tested using
the standard addition technique and satisfactory results were obtanined.
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