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Abstract

4-Amino methyl pyridine anchored silica gel (4-AMPS) was used as a s
in various samples using piperazine dithiocarbamate as a color developin

the range of 0.1-5.0 wg ml~!. The molar absorptivity and Sande
Under these conditions, the preconcentration factor obtained was
interfering ions made the method more sensitive and selective.
present method was successfully applied for the determi
reported methods in terms of Student’s ‘#’-test and
and literature method at 95% confidence level.
© 2006 Elsevier B.V. All rights reserved.
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nsitive spectrophotometry determination of Co(II)
nm) at pH 5.0+ 0.2. Beer’s law was obeyed over

it achieved was 5.0 ng ml~!. The detailed study of various
o(II) from various samples range from 97.50 to 99.66%. The

1. Introduction

hesis of Vitamin Bj.
alloys, permanent mag-
trial catalyst in processes
and alcohol. It deficiency is
lardcT“@@wth rate, loss of appetite and per-
) in human beings. Chronic exposure of cobalt
may lead to X@er disease. Ingestion of excessive amounts
of cobalt causeWintercellular hypoxia and polycythemia.
At high concentrations, it inhibits heme-biosynthesis and
enzyme activities. Moreover, the element is toxic, when taken
directly.
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Several analytical techniques have been reported for the
determination of cobalt(Il) in various environmental samples,
such as AAS, ICP-AES, X-ray fluorescence spectroscopy, spec-
trofluorimetry and spectrophotometry. Thiosemicarbazone is
a important sulphur containing organic reagent. The metal
chelate of this reagent find a wide range of application in
medicine [1,2] and agriculture [3]. The use of thiosemicar-
bazones in inorganic analysis has been reviewed [4—6] and the
survey of literature reveals that only a few reagents have been
employed for the determination of cobalt(II) in various sam-
ples [7-18]. Above reported methods have certain limitations
such as less stability, selectivity, sensitivity, serious interfer-
ence of foreign species with chelating agent and high reagent
consumption.

In this investigation the novel, facile and sensitive sorbent,
2-aminomethylpyridine grafted silica gel (AMPSG) was suc-
cessfully anchored for the preconcentration of Co(II) in various
water and soil samples. Optimum experimental conditions were
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investigated with respect to a standard solution of the same
matrix, in order to examine the possibility to obtaining the
maximum extraction efficiency with minor sample treatment
and minimal experimental conditions. Under these conditions,
the preconcentration factor obtained was 80, and the detection
limit achieved was 5.0ngml~!. The method was successfully
applied for the determination of Co(Il) in various water and soil
samples.

2. Experimental

2.1. Apparatus

A HITACHI U 2001 spectrophotometer with 1.0cm path
length was used for electronic spectral measurements. An Elico
Li-129 model pH meter along with glass-calomel combined
electrode was used for all pH measurements.

2.2. Reagents

All the reagents used were analytical grade and double dis-
tilled water was used through out the experiment.

2.3. Solution

Solutions containing 2.0M of nitric acid (Merck, Mum-
bai, India) were used as eluent. A stock solution of cobal
(0.01 M) was prepared by dissolving 2.380 g of CoCl,-6H,0
Merck, Germany) in deionised doubly distilled water in 1000
standard flask. Cobalt (II) working standard s i

water.

2.4. Synthesis of sodi ne dithjpcarbamate

reagent

Carbop
piperazind
ring, follow¢e

ater at 5 °C with constant stir-
40 g of sodium hydroxide dissolved in 20 ml
of water to fori@edium salt of piperazine dithiocarbamate as
shown in Scheme W@phe product was warmed to room temper-
ature and washed 2-3 times with purified acetone. The reaction
product was purified by recrystallization in acetone. The puri-
fied compound has a melting point of 209-212°C at 740 mm
pressure.

NaOH / \ #5
HN NH C8, HN N—C _
+ 0-5°C \ 74 \S Na+
Piperizine Carbondisulphide Sodium salt of piperizine dithiocarbamate

Scheme 1. Synthesis of sodium salt of piperizine dithiocarbamate.

2.5. Synthesis of 4-amino methyl pyridine—silica gel
sorbent organo fictionalization

A sample of 20g of activated silica gel was sus-
pended in 100ml of dry toluene and 20ml (108 mol) of
3-chloropropyltrimethoxy silane was added to this suspension.
The mixture was mechanically stirred under reflux of the solvent
in an inert atmosphere for 72 h the suspension was filtered and
the solid was washed with toluene and dried under vacuum at
40 °C for several hours, to give the modifigsmsilica named silica
[19].

2.6. Incorporation of 4-aminoggeth®

internal diameter. A small amount of glass wool was
the disk to prevent disturbing of the 4-AMP-silica
gel-regent during the sample loading) between frists, using the
method recommended by the manufacturer [21]. The column
as treated with 2M HNO3 (25 ml) and washed with double
distilled water until free from acid. A suitable aliquot of the
sample solution containing Co(II) in the concentration range of
200-800 wg ml~! was passed through the column after adjust-
ing its pH to the optimum range (acetate buffer of pH 5.0 +0.2)
with a flow rate of 1.0-5.0mlmin~'. The column was washed
with double-distilled water to remove free metal ion. The bound
metal ion Co(II) was stripped from the column with 2 M HNO3
(5-10ml) passed at a flow rate of 2.0-4.0 ml min—!. The eluent
was then mixed with 0.03 M piperazine dithiocarbamate to form
yellow colored product, which was measured spectrophotomet-
ically at wavelength 390 nm against reagent blank as shown in
Fig. 1.

2.7.1. Determination of cobalt(Il) in natural water samples

Different river, lake and spring water samples were col-
lected from various places in and around Tirupati, A.P., India.
The samples (150ml) were stored at 0-5°C in metal free
polyethylene bottles. Water samples were filtered through What-
man filter paper no. 41 and clean solution is collected into
250 ml beaker. The contents are diluted up to the mark with
deionised doubly distilled water. Fifteen millilitres of this solu-
tion is further diluted to get working solution for determination
of cobalt(Il) as described in above procedure and compared
with the reported method. The results were summarized in
Table 1.
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Fig. 1. Absorption spectra of [Co(II)—piperazine dithiocarbamate] complex.

2.7.2. Determination of cobalt(Il) in soil samples

Soil samples was collected from Rangampet area, A.P., India.
The sample was homogenized in the laboratory, using a fissile
and motor and air-dried for 24 h approximately, before analy-
sis. An aliquot of 500 mg of finely pulverized soil is digested
with 5 ml of nitric acid (65%) in metal free Teflon vessel. The
sample is digested for about 1 h in a microwave oven and again
re-digested at 160 °C for 15 min. After treating with double dis-
tilled water, the supernatant liquid was made up to the mark in
a 25 ml standard flask. The aliquot was analyzed for cobalt(II)
using piperazine dithiocarbamate, following the recom d
procedure and results were tabulated in Table 1.

3. Result and discussion
3.1. Effect of pH

The effect of pH on the peak
concentrations was investigated

Table 1
Determination of cobalt(

139

Table 2
Optical characteristics of [Co(II)~PDTC] and precision data

Optical characteristics of present method

Color Green

Amax (nm) 390

Stability More than 7 days
Beer’s law range (ugml~') 0.1-5.0

Molar absorptivity (Imol~! cm™") 1.257 x 10*
Sandell’s sensitivity (ug cm™2) 0.006145

Regression equation (¥)*
Slope®

Intercept®

Regression coefficient (r)
Standard deviation (%)°
Range of error (95% confidence lgvel)
% Error

0.1519

3 Y=ax+ b, where x is t
b Experiments perform

able 2). The pH of acetate
e range of 3.0-7.0 and the peak height

.0. Therefore, a pH 5.0 &= 0.2 of acetate buffer
en for the throughout the study and it was
hically in Fig. 2.

ct of piperazine dithiocarbamate concentration

The effect of concentration of piperazine dithiocarbamate on
the peak height was investigated at pH 5.0 0.2 by using 2.0
and 3.5 wgml~! Co(Il) solutions. The concentration of piper-
azine dithiocabamate was varied in the range 0.001 M—0.10 M.
Maximum peak height was obtained at a concentration of

Samples Pro Reported method [18]
obalt(IT) found Mean recovery (%)* t-Test f-Test Cobalt(IT) found Mean recovery (%)*
(pgml™") (ngml™")
Spiked 97.50£0.36 1.05 0.048 0.97 97.0+£0.45
Spiked w 99.66 +0.14 0.56 0.035 2.92 97.334+0.07
River water” 9.42 - - - 9.40 -
14.27 98.0£0.35 0.49 0.29 14.20 96.0+0.18
Lake water® 5.06 - - - - -
7.0 13.89 99.52 £0.09
Spring water? - 291 - - - - -
9.0 11.7 98.61 £0.25
Soil sample® - 10.85 - 11.40 -
11.0 21.75 99.50+0.21 0.51 0.63 22.14 97.63+0.18

@ Mean = standard deviation(n=4).

b Collected from Chandragiri area.

¢ Collected from Chandragiri area.

d Collected from Narsingapuram area.
¢ Collected from Rangampet area.
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Fig. 2. Effect of pH on the complexation of Co(II) with piperazine dithiocarba-
mate.

0.03 M piperazine dithiocarbamate as color developing reagent
for lower concentration level of Co(II) solution.

3.3. Efficiency of elution

The choice of selecting an eluent was a difficult problem.
In addition to an eluent should not destroy the solid support
in the column. Hence, for the determination of the preconcen-
trated Co(II) by spectrophotometry, the elution was performed
with 0.5-3.0M HNOj and is dependent on the concentratj
of HNOj3 as solution in Fig. 3 quantitatively Cobalt(IT)
achieved for 6 ml of 5-10 M HNO3. Hence, 6 ml of 2 M HN
was chosen the optimum eluent for the Co (II) de inati
and recoveries were higher than 99%.
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Fig. 3. Concentration of HNO3 on elution of Co(II).
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bom’s plot is the established standard adopted to know
m range of concentration for a system that obeys
eer’s law. The plot is drawn between log C of Co(Il) and
(1 —T7) (where T is the transmittance). The plot has a sig-
oid shape with a linear segment at intermediate absorbance
values (0.4-0.8) and concentration values (0.4-1.6 pg ml™1).
The slope of Ringbom plot from Fig. 4 is 0.5840. Hence, the
ratio between the relative error in concentration and photometric
error is 0.80, for a concentration of 0.95, for 0.6% photometric
error.

3.5. Calibration graph

The extraction of a typical calibration is p=5031c +4.93r
=0.999 (where p is the peak height and c is the concentration).
The calibration graph was obtained at the optimum working
conditions; piperazine dithiocarbamate concentration 0.03 M,
sample volume 500 ml; eluent concentration 2M HNO3 and
volume of eluent 6.0 ml.

3.6. Effect of column performance

In order to examine the long term stability of the support,
it was subjected to successive adsorption and desorption cycles
(six runs in a day and the next six runs another day, and so on,
total 30 runs) by 500 ml of metal solutions through the column.
The stability and potential recycle ability of the column con-
taining support were assessed by monitoring the change in the
recoveries of the analyte. After 15 runs, the recoveries of the
analyte slightly decreased to <95%.
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Table 3

Effect of foreign species for the determination of cobalt(Il) with

spectrophotometry

Tons Tolerance limit
(ngml™")

As(III), Mg(II), Mn(1I), Zr(IV), Ba(Il), Ti(I), As(V) 4500¢

Hg(II), Th(IV), AI(III), V(V), Be(II), U(VI) 3000°

Cu(1I), Ni(II), Fe(II), Cd(II), Fe(III), Pd(IT) 5000°¢

F~, SCN, thiosulfate 4000

Chlorides, tartrate, thiourea and bromide 2000

@ Masking with 200 wgmi~! 1% citrate.
b Masking with 20 wgml~! 1% flourides.
¢ Masking with 20 wgml~! of 0.5% EDTA.

3.7. Effect of the flow rates of sample solution

The effect of the flow rate of the sample solution on the
recovery of the metal ion was investigated under the optimum
conditions (pH, eluent type, etc.). The sample solution was
passed through the column with the flow rates adjusted in a
range of 2.0-4.0 ml/min. At flow rates greater than 3 ml/min,
there was a decrease in the recovery of metal ion. The reason
for this decrease is probably insufficient contact of the metal ion
and the adsorbent to reach equilibrium. Therefore, a flow rate of
2.0 ml/min was applied for determination cobalt(I) in through
out the experiment. The flow rate of the elution solution was
2.0 ml/min.

3.8. Effect of foreign species

method for the determination
and soil samples were
ts were compared with

0 to 99.66% which is more reliable

and sensitive the reported methods [18].

4. Conclusion

The proposed preconcentration spectrophotometric method
is simple, highly sensitive and selective for the determination
of Co(Il) in water and soil samples. Synthesis of color forming
reagent (sodium salt of piperazine dithiocarbamate) was eco-
nomically feasible at ordinary laboratories and highly selective
towards metal ion. The limit of detection of the proposed method
is superior when compared to reported method [18]. The column
employed in this method is highly stablg an be regenerated

literature method.
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