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ABSTRACT KEYWORDS
A highly selective and sensitive anodic stripping differential pulse Nickel (11);
polarographic method for determination of ultratrace amounts of NiZ* ions SPE;
in water samples is proposed. The method is based on the separation and Preconcentration;
preconcentration of Ni?* on an octadecyl bonded silica membrane disk Shiff base;

modified by arecently synthesized Schiff base, 2-((E)-(2-(2-(pyridine-2-yl)
ethylthio) ethylimino) methyl)-4-bromophenol (PYTABT) at pH=7. The
retained nickel on the membrane was eluted with 10 ml 0.1 M HNO, and
determined by anodic stripping differential pulse polarography. Extraction
efficiency, influence of sample volume and eluent flow rates, amount of
ligand, amount of eluent for elution of Ni?* ions from membrane disk, pH,
breakthrough volume and limit of detection have been evaluated. The effect
of foreign ions on the percent recovery of heavy metal ions has also been
studied. Thelimit of detection of proposed method for Ni* wasfound to be
3.2ng. Lt and also an enrichment factor of 200 were obtained. The maximum
capacity of the membrane disks modified by 5 mg of PY TABr wasfound to

be325+13.31 pgNi%.

The proposed method has been applied to the determination of nickel in
several water samples with satisfactory results.
© 2014 Trade Sciencelnc. - INDIA

Stripping voltammetry.

INTRODUCTION

The determination of heavy metal ions, such as
nicke, inenvironmental and biologica samplesisvery
importanceand can hardly be overemphasi zed because
they haveundoubtedly aserious potentid hazard tothe
human organism. Nicke waslong thought to be essen-
tid to plantsand some domestic anima Y, but not con-
Sderedtobeametd of biologicad importanceuntil 1975,
when Zerner discovered that ureasewasanickel en-
zyme?3, Itisknown that inhal ation of nickdl and its
compounds can lead to serious problems, including na-

sopharynx, lung and dermatol ogi cal diseasesand ma-
lignant tumors“®l. So, separation of toxic Ni(ll) isof
intensecurrent interest in research and environmental
cleanup.

Essentiality of nickel to man doesnot yet seemto
have been demonstrated. More attention hasbeenfo-
cused on thetoxicity of nickel inlow concentration,
such asthefact that nickel can causedllergicreactions
and that certain nickel compoundsare carcinogenici®l.
Nickel isoneof the essential micronutrientsfor plants,
animals, and humans, but istoxic at el evated concen-
trationg”®. Compared with other transition metals,
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nickel isamoderately toxic el ement!®9, For example,
nickel can cause askin disorder known as nickel-ec-
zemd'¥. Therefore, the accurate and sensitive deter-
mination of nickel inenvironmenta samplesisveryim-
portant.

Themain sources of nickel inaquatic systemsare
from dissol ution of rocksand soils, biological cycles,
amosphericfalout, and especidly industria processes
and water disposal. The maximum recommended
concentration of nickel ionin drinking water for live-
stock is2.5mg. L', The upper human drinking wa-
ter consumptionlimitsareevensless. Thedeve opment
of reliable, yet affordable, anaytical approachesfor the
determination of Ni2* inlow concentration levelsseem
worthwhile,

Thetraditional preconcentration and separation
methodsfor metal ionsareliquid-liquid extraction,
copreci pitation, andion-exchange, etc. Thesemethods
often requirelargeamounts of high purity organic sol-
vents, some of which are harmful to health and cause
environmental problems*. Nowadays, the SPE isbe-
ingwidely utilized for preconcentration or separation of
metals due to the following advantages. These in-
clude™: (1) higher enrichment factors; (2) absence of
emulsion; (3) safety with respect to hazardous samples,
(4) minimal costsdueto low consumption of reagents,
(5) flexibility; (6) ease of automation.

Anodic gtripping differentid pulsepolarography is
a sensitive technique for the determination of trace
amount Ni2*in aqueousmedia. Thistechniquereduces
consumption and exposureto solvent, disposa costs,
and extractiontime. Octadecyl bonded silica(ODBS)
membrane disks have been utilized for the extraction
and andysisof many different organicand environmen-
tal matrices?617, Moreover, these membrane disks
modified by suitable ligands are successfully used for
the separation and sensitive determination of metal
iong819,

The Schiff basesaspoly dentateligandsareknown
to form very stable complexeswith transition metal
ions®. Inthe present work, we have developed an an-
odic stripping differential pul se polarographic method
for determination traceamountsof Ni2* ionsfrom aque-
ousmediausng ODBS membranedisksmodified with
anewly synthesized Schiff base, 2-((E)-(2-(2-(pyridine-
2-yl)-ethylthio)ethylamine)methyl)-4-bromophenol
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(PYTABT) (Figurel).

Br

Figurel: Chemical structureof PYTABr ligand

EXPERIMENTAL

Sandard and buffer solutions

Dissolve 0.2000 g of high purity nickel in 10 ml
concentrated nitric acid, dilutewith doubly distilled
water tovolumeinal000 ml cdibrationflask and mixed.
Working solutionswere prepared by appropriate dilu-
tion of thestock solutionindoubly distilled water.

Phosphate buffer solution (pH = 7) have prepared
by dissolve 0.375 g of potassium dihydrogene phos-
phate and 0.556 g of disodium hydrogen phosphatein
doubly distilled water and diluteto 100 ml inacali-
brated flask. All other reagentswereof andytica grade
resgents.

Apparatus

Voltammetric measurements were taken with a
Metrohm 757 VA comp trace, with athree electrode
system cond sting of ahanging mercury drop €l ectrode
(HMDE) astheworking electrode, anAg/AQCI refer-
ence el ectrode and platinum counter electrode. The
operating parameterswere set asrecommended by the
manufacturer. ThepH wasdetermined with aseven multi
model Metrohm pH meter with a combined glass-
calomd dectrode.

Filteration

Extractionswere performed with Empore mem-
brane disks (47 mm diameter and 0.5 mm thick) con-
taining ODBS (8 mm particles, 6 nm pore size) from
3M. Thetypical composition of the diskswas 90% w/
w ODBS and 10% w/w PTFE fibers. Thediskswere
used in conjunctionwith astandard S& S47 mmfiltra:
tion apparatus connected to avacuum. In order tore-
move potentia interferencesand to ensure optimal ex-
traction of theanayteof interest, thedisk cleaning and
conditioning should bedonebeforeitsuse.
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Thus, after placing themembranediskinthefiltra:
tion apparatus, 10 mL methanol was poured onto the
disk andimmediately drawnthrough thedisk by apply-
ing adight vacuumto removedl contaminantsarising
from the manufacturing process and the environment.
After al of the solvent has passed through the disk,
passing air throughit for afew minutesdriedit. This
procedureisespecialy important for thedisks, which
areused for thefirst time. After dryingthedisk, asolu-
tion of 5mg PY TABr in 3 ml Acetonitril wasintro-
duced onto thedisk and dlowed to penetrateinsdethe
solid phasecompletely.

Thenthemodified disk waswashed and precondi-
tioned by passing a10 mL portion of buffer solution
(pH =7) to prewet the surface of the disk prior tothe
extraction of Ni2* ion from aqueous samples. Inorder
to ensure compl ete wetting of the disk with the buffer
solutionitispreferableto leave extrabuffer abovethe
disk rather thanto alow any air to contact the surface
of thedisk.

Extraction, eution and determination

The general procedurefor the extraction of Ni2*
iononamembranedisk wasasfollows: 100 mL of the
sampl e solution containing 2 mL of phosphate buffer
(pH =7) and 10ug Ni?*was passed through the modi-
fied membrane, at 20 mL.min" flow rate. Thedisk was
dried completely by passing air through it. After theex-
traction, a25x200 mm test tube was then placed un-
der theextraction funnel. Thenickel ion werestripped
fromthe modified disk using 2x5 mL of 0.1 M nitric
acidat 5mL.min"! flow rate and nickel concentration
was determined by anodic stripping differential pulse
polarography.

For extraction of water samples, a1000 ml diquot
wasfirst passed through afilter paper to remove sus-
pended solids. Then thefiltrate was passed through an
ODBS membrane disk without PY TABr to remove
organic compoundsthat may be present in the water
and then compl etethe determination asrecommended
procedure.

Anodicstrippingdifferential pulsepolarography

Inthe present work, thedifferential pulse polaro-
gramfor nickel wasobtainedin nitricacid medium as
supporting e ectrolyte. A sample solutionwastrandferred
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into polarographic cell, after theremoval of dissolved
oxygen by passing purified nitrogen gasfor 3min., the
polarogramswererecorded by sweeping the potentia

from-1.2t0-0.1V versusreference el ectrode. Nickel

was deposited on ahanging mercury drop electrode at
-0.70V for 90 s, whilestirring the solution. Theamal-
gamate nickel was stripped by differential pul se po-
larography by scanning of potentia of theelectrode a
scanrateof 0.0132V.s! and pulseamplitude of 0.04
mV.

RESULTSAND DISCUSSION

Choiceof eluent

In order to choose aproper euent for theretained
Ni2* ion after extraction of 10 ug of nickel ina 100 ml
buffered solution by the modified disks, thenickel ion
werestripped with 2x5 mL of different concentrations
of variousminera acids, and theresultsarelistedin
TABLE 1. Results showed that al acids could afford
thequantitativedution of Ni?* fromthemodified disk.
Subsequent quantitative elution of the complex was
carried out with 0.1 M HNO, solution. Thereason for
choice of nitric acid as eluent wasthat nitrateionis
reported to be a more acceptable matrix for
voltammetric experimentsthan chlorideand sulfateions.

TABLE 1: Percent recovery of Ni?* from modified membrane
disk using different stripping solutions

Concentration

eluent
0.1 0.5 1.0
HCI 77.9 75.4 73.0
H,SO, 66.0 61.0 66.2
HNO; 100.2 69.9 94.0
Effect of pH

Theinfluence of the pH of agueoussampleonthe
recovery of 10ug of Ni?* from 100 ml solution wasstud-
ied in the pH range 2 - 8. The pH was adjusted by
using 0.01 M of either nitric acid or sodium hydroxide
solutions. Theresults obtained are shownin Figure 2.
Maximum and constant retention of Ni?* ion by the
modified membranedi sk was obtained in the pH range
6—7, therefore, the pH 7 was chosen. Higher pH val-
ues (>8) were not tested because of the possibility of
the hydrolysisof ODBSinthedisks. Addition of 1-3
ml phosphate buffer was sufficient for pH adjustment.
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Hence, an addition of 2 mL waschosen.
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Figure2: Effect of pH on theextraction of Ni? by themodified
membranedisk.

Effect of flow rates

Theflow rates effect of the sample and stripping
solutions on the retention and recovery of Ni2* ionwas
investigated. It was found that, in the range of 5-35
mL.min™!, theretention of nickel by themembranedisk
was not considerably affected by the sample solution
flow rate. Similar resultsfor the extraction of organic
andinorgani 2 materia sby ODBS diskshave been
reported intheliterature. Theflow rate of samplewas
maintained at 20 mL.min™! through the experiment.
Quantitative stripping of nickel ion from the disk
achievedin aflow raterangeof 1-10 mL.min™!, using
2x5ml of 0.1 MHNO, asastripping solution. At higher
flow rates, alarge volume of € uent was necessary for
the quantitativestripping of Ni2* ion. Hence, subsequent
experiments were carried out with aflow rate of 5
mL.min™.

Effect of ligand amount

Inorder oinvestigatethe optimum amount of ligand
on the quantitative extraction of nickel by the mem-
brane disk; extraction of 10ug of Ni?* from 100 mL
solution under optimal conditionswas conducted by
varying the amounts of ligand from 1to 6 mg. In all
cases, the extraction of nickel wasfound to be quanti-
tative. Hence, subsequent SPE experimentswere car-
ried out with5 mg of theligand (Figure 3).

Analytical performance
Breakthrough volume
The measurement of breakthrough volumeisim-
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portant in solid phase extraction, because breakthrough
volume represents the sample volume that can be
preconcentrated without lossof anayteduring elution
of thesample. Thebreakthrough volumeof thesample
solution wastested by dissolving 10ug nickel in 100,
300, 700, 1000, 1500, and 2000 mL of water and the
recommended procedurewasfollowed. Inall cases,
the extraction by modified disk wasfound to be quan-
titative. Thusthe breakthrough volumefor the method
should be greater than 2000 mL. Consequently, by
considering thefinal elution volumeof 10 mL and the
sampl e sol ution volumeof 2000 mL., an enrichment fac-
tor of 200 waseasily available.
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Figure3: Effect of ligand amount
Sor ption capacity

Themaximum capacity of thedisk modified by 5
mg PY TABr was determined by passing 50 mL por-
tionsof anagueous solution (pH = 7) containing 500ug
Ni2* through thedisk, followed by determination of the
retained Ni%* ionsusing polarograph. The maximum ca
pacity of the disk obtained from three replicate mea-
surementswas 325(+13.31 ) pg ofnickel on the disk.

Limit of detection

The limit of detection (LOD) of the proposed
method for the determination of nickel wasstudied un-
der theoptima experimental conditions. TheLOD basd
on 3o of the blank, is 3.2ng.L. Thereproducibility of
theproposed method for the extraction and determina-
tion of 10pug nickel from 100 ml water was also stud-
ied. Theresultsobtained on 10 replicate measurements
revealed aRSD of 2.61%.

Effect of diverseionson sor ption of nickel
Inorder toinvestigate the sel ective separation and
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determination of nickel ion from binary mixtureswith
diversemeta ions, a100mL diquot solution containing
10ug Ni?* and milligram amountsof other cationswas
taken and recommended procedurewasfollowed. The
resultsaresummarized in TABLE 2. Theresult show
that the nickel ion inthe binary mixture areretained
amost completey by modified membranedisk, evenin
presence of up to about 100 mg of thediverseions. It
isinteresting to notethat retention of other cationsby
the disk isnegligible and they can be separated com-
pletely fromthenicke ion.

TABLE 2: Effect of diverseionson therecovery of 10ug of
nickel ion.

lon Amount taken(mg) Recovery, %
Na' 100 97.3

K* 100 98.8
ca 40 96
Mg®* 40 98.6
cu* 10 98.6
Mn** 5 98.1
Fe** 5 97.3
Co** 2 97.8
zn* 2 98.2

TABLE 3: Recovery of nickel added to 1000 ml of different
water samples(pH =7.0)

N2 NiZT
sample added(g) det(erm_llned % Recovery
gL™)
Tap water 0 15
5 6.2 94
10 114 99
Agricultural water 0 3.17 -
8.22 101.9
10 13.06 98.9
River water 112
6.09 99.4
10 11.01 98.9
g a0 Nd
5 4.73 93.2
10 9.74 93.9

Values in parenthesis are RDS_ based on three replicate
analysis; nd : not determined

Analysisof water samples

Totest thegpplicability of the procedure devel oped,
it was applied to the extraction and determination of
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nickel content from different water samples. Tapwater
andriver water (Qazvin), agricultural water sample, and
synthetic samplewereanalyzed (TABLE 3). Asseen,
theresult of all samplesandyssshowsthat, indl cases,
thenicke recovery isquantitative.

CONCLUSION

Results presentedin thiswork well demongtratethe
tremendous possi bilitiesoffered by the solid phase ex-
traction of traceamountsof Ni2* inwater samplesusing
octadecyl-bonded silicamembranedisksmodified by
anewly synthesi zed Schiff base, 2- ((E) - (2 (2- (pyri-
dine-2 - yl) - ethylthio) ethylamine) methyl) - 4bro-
mophenol (PY TABr) and its determination by anodic
stripping differentia pulse polarographic method. The
method devel opedisapreciseand accurate dternative
to conventional proceduresfor determining nickel in
water samples. In conclusion, the developed SPE
method has been successfully used onaroutinebasis
and dlowsthe quantization in water samples. It opens
exciting possibilitiesfor thedetermination of nicked in
other samples and by other techniques, which some
studiesonthisdirection arenow in progressin our labo-
ratory.
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