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ABSTRACT

A simple method has been developed for the prentmatien of Co(ll) based on the adsorption of
its Schiff's Naphtol-2-(Pyridylazo-2)-1 (PAN) complon a Single walled carbon nanotubes
(SWCNTSs) onto fg cartridge . The influence of acidity, eluting atgnstability of the cartridge,
sample volume and interfering ions has been inyatd in detail. The adsorbed complex could be
eluted using HN@4M and the concentration of Co(ll) was determibgdlame atomic adsorption
spectrometry (FAAS). A detection limit of 0.49L™" could be achieved and the developed
procedure was successfully applied for the detemtion of Co(ll) in spiked water samples . The
preconcentration factor attainable for quantitativecovery (>97%) of Co(ll) was 125 for a
1000mL sample volume. The mentioned method wasssfolly applied on the determination of
Co(Il) in different water samples. In this methoalative standard deviation (RSD) is %1.25.

Keywords: Co(ll), Preconcentration, Solid phase extracti®ingle walled carbon nanotubes
(SWCNTSs). Flame atomic adsorption spectrometry (BAA

INTRODUCTION

Cobalt at trace concentrations acts as both a mitrient and a toxicant in marine and fresh water
systems [1-8].This element is needed by plantsgt\eery low levels and is toxic at higher levels.
At these levels, Co can bind to the cell membrarmkhander the transport process through the cell
wall. Co at nearly 40ng mit.is required for normal metabolism of many livingyanisms [9, 10].
On the other hand, Co is an important element inymadustries. Thus, the development of new
methods for selective separation, concentration @eigrmination of it in sub-micro levels in
different industrial, medicinal and environmentahngples is of continuing interest. The
determination of Co is usually carried out by flaraed graphite furnace atomic absorption
spectrometry (AAS) [11, 12 Jas well as spectronsatiethods [13, 14] .

Solid phase extraction (SPE) methods are the lteshatives for traditional classic methods due to
selective removal of trace amounts of metal ioognfitheir matrices. SPE determinations can be
carried out on different efficient ways. One of thest appropriative performation features of SPE
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is achieved by using octadecyl silica membranesdiSIPE reduce the use of toxic solvent, disposal
costs, and extraction time[15-16].The octadecyktailmembrane disks involves shorter sample
processing time and decreased plugging due toatige kcross-sectional area of the disk and small
pressure drop which allows higher flow-rates; redlichanneling resulting from the use of sorbent
with smaller particle size and a greater mechasitzdiility of the sorbent bed[17].

In our previous attempts, we modified SPE membudisks with suitable compounds for selective
determination of chromium [18-19] and lead[22].Medhile, other investigators have successfully
utilized these sorbents for quantitative extracteord monitoring trace amounts of lead]21,23],
Co[24-26], silver[27-28], mercury[29], cadmium[31jalladium[32], Ce[33] and ULP.

lonic liquids (ILs) seem well positioned to addréisis challenge. Due to their wide solubility, and
by introducing a surface charge, modification with should enable the preparation of long-term
stable and Naphtol-2-(Pyridylazo-2)-1 (PAN) modifi§ingle walled carbon nanotubes (SWCNTS)
that can be dispersed in various matrices. To datestigations into the covalent attachment of an
ionic material to Single walled carbon nanotubé&/CNTs) surface have been not carried out. In
this communication, we report a convenient metteodHitain polydisperse Naphtol-2-(Pyridylazo-
2)-1 (PAN)  modified Single walled carbon naries (SWCNTS) that are functionalized with 1-
(3-aminopropyl) - 3-methylimidazolium bromide (ILH) [20].The main goal of the present work
is development of a fast, sensitive and efficieayfor enrichment and extraction of trace amounts
of Co(ll) from aqueous media by means of a car&i@p modified with, Naphtol-2-(Pyridylazo-
2)-1 (PAN) modified Single walled carbon nanowsif8WCNTSs) [20].

Such a determination has not been reported initdrature. The chelated ions were desorbed and
determined by FAAS. The modified solid phase cduddused at least 50 times with acceptable
reproducibility without any change in the compasitiof the sorbent, Naphtol-2-(Pyridylazo-2)-1
(PAN) modified Single walled carbon nanotubes (S\WW€) . On the other hand, in terms of
economy it is much cheaper than those in the mdiketC,g SPE mini-column.

MATERIALSAND METHODS

Reagents and Apparatus

Single walled carbon nanotubes (SWCNTs) and SshiMfaphtol-2-(Pyridylazo-2)-1 (PAN) were
prepared from Merck (Darmstadt, Germani)ethod and dried for a week over phosphorus
pentoxide in a vacuum desiccators before use. @éydsmtobenzenesulfonyl azide was prepared
from 4-carboxybenzenesulfonyl azide via a publisheatedurg17]. All solutions were prepared
with doubly distilled deionized water from Merck #dbnstadt, Germany). 1¢ powder for
chromatography with diameter of about 50 um obthinem Katayama Chemicals from supelco. It
was conditioned before use by suspending in 4 Kcratid for 20 min, and then washed two times

with water.
QL

OH
Schematic 1 Synthesis and Molecular structure of Schiff's Nabi2-(Pyridylazo-2)-1 (PAN)
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Column preparation

Schiff's Naphtol-2-(Pyridylazo-2)-1 (PAN) modifiefingle walled carbon nanotubes (SWCNTS)
(40 mg) were packed into an SPE mini-column (6.0 88 mm i.d., polypropylene). A
polypropylene frit was placed at each end of thieroo to prevent loss of the adsorbent. Before
use, 0.5 mol [ HNO; and DDW were passed through the column to clean it

Apparatus

The pH measurements were conducted by an ATC plrn(EEDT instruments, GP 353)calibrated
against two standard buffer solutions of pH 4.0 82l Infrared spectra of Schiff's Naphtol-2-
(Pyridylazo-2)-1 (PAN) modified Single walled carbmanotubes (SWCNTs) were carried out
from KBr pellet by a Perkin-Elmer 1430 ratio recdogl spectrophotometer. Atomic absorption
analysis of all the metal ions except Zn(ll) weegfprmed with a Perkin-Elmer 2380 flame atomic
absorption spectrometer. Zn(ll) determinations wegdormed by a Varian Spect AA-10. Raman
spectrophotometer analysis were performed withrkif&Imer.

Preparation of column to 40 ml of water containing 1.5 g ofi4>150 mg of the above Schiff base-
chitosan grafted multiwalled carbon nanotubes weasiéd after washing acetone, 4mbIHNO;
solution and water, respectively, solution was dddde pH of the suspension was adjusted to 2.0
by addition of 4 M HNQ@and stirred by mechanical stirrer for 20 min. Thka top liquid was
decanted (and discarded) and the remaingv&s washed three times with water, then with 5inl o
4 M HNGsand again three times with water. The preparedesdnyas transfered to a polypropylen
tube (i.d 5 mm, length 10mm).

Determination of C8 contents in working samples were carried out byasian spectra A.200
model atomic absorption spectrometquipped with a high intensity hallow cathode laRipgfiCl)
according to the recommendations of the manufacturEhese characteristics are tabulated in(
Table 1). A metrohm 691 pH meter equipped with mlomed glass calomel electrode was used for
pH measurements.

Procedure

The pH of a solution containing 100 ng of each Qe(hs adjusted to 2.0. This solution was passed
through the column with a flow rate of 5 ml ririThe column was washed with 10 ml of water and
the retained ions were desorbed with 1 ml of 4 MQ4Mith a flow rate of 2 ml mifl. The
desorption procedure was repeated 3 more timesthallacid solutions (4 ml all together) were
collected in a 10 ml volumetric flask and dilutedthe mark with water. The concentrations of Co in
the solution were determined by FAAS at 283.3.

Determination of Co in water Samples

Polyethylene bottles, soaked in 1 M HhN&@ernight, and washed two times with water weraluse
for sampling. The water sample was filtered throagh.45 pum pores filter. The pH of a 1000 ml
portion of each sample was adjusted to 2.0(4 M B)N@d passed through the column under a flow
rate of 5 ml miff. The column was washed with water and the iongwesorbed and determined
as the above mentioned procedure.

Speciation of Co in water samples

This procedure is reported in several articles. mehod has been evaluated and optimized for
speciation and its application on complex mixtur¢a6-29]. The chelating cation
exchanger(Chelex-100) and anion exchanger, Dowex8 I&sins were washed with 1 M HCI,
water, 1 M NaOH and water respectively. 1.2 g otheaesin was transfered to separate
polyethylene columns. Each column was washed viitmiLof 2 M HNG and then 30 ml of water.
The Gg bounded silica adsorber in a separate column wadittoned with 5 ml of methanol, then

5 ml of 4 M HNGyand at the end with 20 ml of water. 5 ml of metiHamas added on top of the
adsorber, and passed through it until the levehethanol reached just the surface of the adsorber.

57



Ali Moghimi Journal of Applied Chemistry, 2014, 2(2):55:64

Then water was added on it and connected to ther éffo columns. A certain volume of water
sample was filtered through a 0.45 um filter anentipassed through the three columns system,
Dowex 1X-8, RP-C18 silica adsorber and Chelex-166pectively. The columns were then
separated. The anion and cation exchanger colurers washed with 10 ml of 4 M HN@nd the

Cig column with 10 ml of 1 M HCI. The flow rate of ents was 1 ml mih The Co content of
each eluted solution were determined by FAAS.

RESULTSAND DISCUSSION
Stability studies

The stability of the Schiff's Naphtol-2-(Pyridyla)-1 (PAN) modified Single walled carbon
nanotubes (SWCNTs) phases was performed in diffdreffer solutions (pH 1, 2, 3, 4, 5, 6 and
0.1M sodium acetate) in order to assess the peskghthing or hydrolysis processes. Because the
metal capacity values determined in Section 3.Z2akd that the highest one corresponds to
Co(ll)s, this ion was used to evaluate the stabiliteasurements for the Schiff's Naphtol-2-
(Pyridylazo-2)-1 (PAN) modified Single walled ban nanotubes (SWCNTs) phase. The results
of this study proved that the Schiff's Naphtol-3a{8ylazo-2)-1 (PAN) modified Single walled
carbon nanotubes (SWCNTS3$ more resistant than the chemically adsorbedognespecially in
1.0, 5.0 and 10.0 M hydrochloric acid with hydradypercentage of 2.25, 6.10 and 10.50 for phase,
respectively.

Thus, these stability studies indicated the suitgbof phase for application in various acid
solutions especially concentrated hydrochloric agid extension of the experimental range to very
strong acidic media which is not suitable for othermal and selective chelating ion exchangers
based on a nano polymeric matrix [9]. Finally, tBehiff's Naphtol-2-(Pyridylazo-2)-1 (PAN)
modified Single walled carbon nanotubes (SWCNTlases were also found to be stable over a
range of 1 year during the course of this work.

Primary investigations revealed that cartridge €uld not retain Co(ll) cations, but when modified
with the Schiff's Naphtol-2-(Pyridylazo-2)-1 (PAN)modified Single walled carbon nanotubes
(SWCNTSs) retains these cations selectively. It was thend#ekLio investigate the capability of the
Schiff's Naphtol-2-(Pyridylazo-2)-1 (PAN) moditieSingle walled carbon nanotubes (SWCNTS)
as a ligand for preconcentration and determinationCaf. The cartridge {g surface in acidic
media(1<pH<6) attracts protons and becomes politokarged [22].

Effect of pH in does not occur.

The effect of pH of the aqueous solution on theaetion of 100 ng of each of the cations Co(ll)
was studied in the pH rang of 1-10. The pH of thieitson was adjusted by means of either 0.01 M
H NOs; or 0.01M NaOH. The results indicate that complételation and recovery of Co(ll) occurs

in pH range of 2-4 and that of in 2-8 and are showfig. 1. It is probable that at higher pH values
the cations might be hydrolysed and complete désorpoccur. Hence, in order to prevent
hydrolysis of the cations and also keeping on theridge Gs, pH=3.0 was chosen for further

studies.

Effect of flow rates of solutions

Effect of flow rate of the solutions of the catioos chelation of them on the substrate was also
studied. It was indicated that flow rates of 1-5mihwould not affect the retention efficiency of
the substrate. Higher flow rates cause incomplé&lation of the cations on the sorbent. The
similar range of flow rate for chelation of catioms modified cartridge {g and a Schiff's Naphtol-
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2-(Pyridylazo-2)-1 (PAN) modified Single walledrban nanotubes (SWCNT9)as been reported

in literature[21,22]. Flow rate of 1-2 ml mitfor desorption of of the cations with 4 ml of 4 M
HNOgshas been found suitable. Higher flow rates neagelavolume of acid. Hence, flow rates of 5
ml min*and 2 ml miffwere used for sample solution and eluting solvertiughout respectively.

Effect of the Schiffs Naphtol-2-(Pyridylazo-2)-1 PAN) modified Single walled carbon
nanotubes (SWCNTs) quantity

To study optimum quantity of the Schiff’'s Naphtoe(Ryridylazo-2)-1 (PAN) modified Single
walled carbon nanotubes (SWCNTs) on quantitatiteaetion of Co, 50 ml portions of solutions
containing 100 ng of each cation were passed thralifferent columns the sorbent of which were
modified with various amounts, between 10-50 mgthed Schiff's Naphtol-2-(Pyridylazo-2)-1
(PAN) modified Single walled carbon nanotubes (S\WE). The best result was obtained on the
sorbent which was modified with 40 mg of the SchifNaphtol-2-(Pyridylazo-2)-1 (PAN)
modified Single walled carbon nanotubes (SWCNTS).

Figures of merit

The breakthrough volume is of prime importancedolid phase extractions. Hence, the effect of
sample volume on the recovery of the cations wadieti. 100 ng of each cation was dissolved in
50, 100, 500 and 1000 ml of water. It was indicated in all the cases, chelation and desorption of
the cations were quantitative. It was then conduthat the breakthrough volume could be even
more than 1000 ml. Because the sample volume wa® D and the cations were eluted into 10 ml
solution, the enrichment factor for both cations 25, which is easily achievable. The maximum
capacity of 1.5 g of the substrate was determirsefbliow; 500 ml of a solution containing 50 mg
of each cation was passed through the column. Tikated ions were eluted and determined by
FAAS. The maximum capacity of the sorbent for thnegividual replecates was found to be
15.2+0.8 pg of each cation. The limit of detect{8n) for the catoins[30] were found to be 0.10
ng.ml*for Co ions. Reproducibility of the method for edtion and determination of 100 ng of
each cation in a 50 ml solution was examined. Aes tthsults of seven individual replicate
measurements indicated, they were 1.25% for Co(ll).

Effect of foreign ions

Effect of foreign ions were also investigated oe theasurements of Co. Here a certain amount of
foreign ion was added to 50 ml of sample solutiontaining 100 ng of each Co(ll) with a pH of
3.0. The amounts of the foreign ions and the peagms of the recovery of Co are listed in Table 2.
As it is seen, it is possible to determine Co withioeing affected by the mentioned ions.

Analysis of the water samples
The prepared sorbent was used for analysis ofsaables. To do this, the amounts of Co were
determined in different water samples namely: kistiwater, tap water of Tehran (Tehran, taken
after 10 min operation of the tap), rain water(Behr25 January, 2013), Snow water (Tehran , 7
February ,2013), and two synthetic samples comtgidifferent cations. The results are tabulated in
Table 3. As it is seen, the amounts of Co adddtdovater samples are extracted and determined
guantitatively which indicates accuracy and precif the present method.
Separation and speciation of cations by three cotusystem It is possible to precon- centrate and
at the same time separate the neutral metal coemplex Schiff's Naphtol-2-(Pyridylazo-2)-1
(PAN) modified Single walled carbon nanotubes (S\IVG), anionic complexes and free ions from
each other by this method[27]. Water samples wessqd through the three connected columns:
anoin exchanger, {gsilica adsorber and chelating cation exchangecthEaecies of Co is retained
in one of the columns; anionic complexes in thatficolumn, neutral complexes of Schiff’s
59



Ali Moghimi Journal of Applied Chemistry, 2014, 2(2):55:64

Naphtol-2-(Pyridylazo-2)-1 (PAN) modified Singkealled carbon nanotubes (SWCNT8#) the
second, and the free ions in the third. The resafltpassing certain volumes of different water
samples through the columns are listed in Tablcéording to the results, it is indicated that Co
present only as cations. On the other hand thset tel@mparing the obtained mean values of the
present work with those published indicate no s$igamt difference between them. We have
proposed a method for determination and precoratsmir of Co in water samples using cartridge
Cis impregnated with a Sciff’'s base. The proposed owthffers simple, highly sensitive, accurate
and selective method for determination of trace @msof Co(ll) in water samples.
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Fig. 1. Extraction percentage of Co(ll) against pH.

Table 1 . The operational conditions of flame for determination

ot Co
Slit width 0.7 nm
Operation current of HI-HCL 10 mA
Resonance fine 2833
Type of background correction Deuterium lamp
Type of flame Air/acetylene
Air flow 7.0 mL.min”
Acetylene flow 1.7 mL.min”
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Table 2. Effect of foreign ions on the recovery of 100afdCo.

Diverse ion Amounts taken (mg) % Found %Recovery of
added to 50 mL Cc ion

Na 92.2 1.19(2.95 98.6s5(1.9)
K* 92.2 1.38(2.1) 98.7(2.2)
Mg** 13.5 0.8(1.8) 96.9(2.7)
ca” 23.3 1.29(2.0) 95.4(1.9)
s 3.32 2.81(2.2) 98.2(2.1)
Ba’* 2.26 3.16(2.4) 98.3(2.0)
Mn?%* 2.44 1.75(2.3) 98.5(1.8)
(ol 2.37 1.4(2.3) 98.1(2.2)
Ni®* 2.25 2.0(2.14) 98.4(2.4)
Zn** 2.44 1.97(2.1) 98.7(2.2)
Bi®* 2.30 2.7(1.4) 98.4(2.7)
Cd* 2.56 2.81(2.3) 97.7(2.5)
Fe* 2.40 3.45(2.4) 97.6(2.8)
crt 1.30 2.92(2.2) 96.3(2.4)
uo* 2.89 1.3(2.2) 97.3(2.2)
NOs 5.5 2.3(2.3) 96.4(2.6)
CHsCOO 5.3 2.2(2.6) 95.5(2.2)
SO” 5.0 2.9(3.0) 98.4(2.1)
COs” 5.4 1.8(2.5) 96.3(2.5)
PO 2.6 2.1(2.0) 98.9(2.0)
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Table 3. Recovery of Co contents of water samples

Amount Found(ug) %Recovery
added(ug)
Sample Distilled water Co - - -
(100mL)
0.050 0.043(2.40) 96
0.100 0.094(2.60) 97
Tap water(100mL) Co - 0.015(3.0) -
0.050 0.068(2.42) 96
Snow water(50mL) Co - 0.048(2.25) -
0.100 0.155(2.30) 98.0
Rain water(100mL) Co - 0.045(2.25) -
0.100 0.143(2.40) 98
Synthetic sample 1 Na Co - - -
Ca, Fer, CoCr, Hy, 1
mg k
0.100 0.104(2.40) 98
Synthetic sample 2K Co - - -
Ba’", Mn*, Cd, Zre
,1mg I* of each cation
0.100 0.105(2.70) 99

% Values in parenthesis are CVs based on threeichdil replicate measurements.

Table 4. Results of speciation of Co in different samplestyge columns system.

Tap water (1000ml)

water sample (1000nil)

River water(50ml)

Column Co(ug)

Dowex 1X8 -
Silica C-18 -

Chelex-100  0.012(4.0)

Co(ug)

0.104(2.9)

Co(ug)

0.103(2.8)

® This was a solution containing 0.1 pg of eaciooan 1000 ml of distilled water.

® Values in parenthesis are CVs based on threEagplanalysis. The samples are the same as those

mentioned in Table 4.
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