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ABSTRACT

Aluminaphaseloaded with ammonium pyrrolidine dithiocarbamate (APDC )were synthesized based on chemical
binding and physical adsorption approaches. The stability of achemically modified APDC especially in concen-
trated hydrochloric acid which was then used as a recycling and pre-concentration reagent for further uses of
alumina immobilized APDC phase. The application of this alumina for sorption of a series of metal ions was
performed by using different controlling factors such asthe pH of metal ion solution and the equilibration shaking
time by the static technique. Thisdifference wasinterpreted on the basis of selectivity incorporated in these sulfur
containing alumina phases. Hg(l1) was found to exhibit the highest affinity towards extraction by these alumina
phases. The pronounced sel ectivity was al'so confirmed from the determined distribution coefficient (K ) of all the
metal ions, showing the highest value reported for mercury(l1) to occur by aluminaimmobilized APDC phase. The
potential applications of alumina immobilized APDC phase for selective extraction of mercury(l1) to occur from
agueous sol ution were successfully accomplished aswell as pre- concentration of low concentration of Hg(l1) (22
pg mi%) from natural tap water with a pre-concentration factor of 200 for Hg(l1) off-line analysis by cold vapor

atomic absorption analysis. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Thedirect determination of tracemetalsespecialy
toxic meta ionssuchasmercury, tin, arsenic, lead, an-
timony and selenium from various samplesrequires
mostly aninitia and efficient pre-concentration step!¥.
Thispre-concentrationisrequired to meet the detec-
tionlimitsaswell asto determinethelower concentra-
tion levelsof theana yte of interest!?. Thiscan be per-
formed smply in many waysincludingliquid and solid
phase extraction techniques®4. Theapplication of solid
phase extraction techniquefor pre- concentration of
trace metal sfrom different samplesresultsin severa
advantages such asthe minimal waste generation, re-
duction of samplematrix effectsaswell as sorption of
thetarget speciesonthe solid surfaceinamorestable

chemicd formf®.

Thenorma and selective solid phaseextractorsare
those derived from theimmobilization of the organic
compounds onthe surface of solid supportswhich are
mainly polyurethanefoams®, filter paper!?, cdlulosg®
andionexchangeresing®. Silicagd, dumina, magnesia
and zirconiaarethemaor inorganic solid matricesused
toimmobilizethetarget organic modifiersontheir sur-
faced ¥ of which slicagdl isthemost widdy used solid
support dueto thewell documented thermal, chemica
and mechanical stability properties compared to other
organic andinorganic solid supports*Y. Thesurface of
silicagel ischaracterized by the presence of silanol
groups, which areknown aswesk ion exchangers, caus-
inglow interaction, binding and extraction of thetarget
analytes*?. For thisreason, modification of thesilica
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gd surfacewith certain functional groupshas success-
fully been employed to produce the solid phase with
certain selectivity characterd®.

Two approachesareknown for loading the surface
of solid phaseswith certain organic compoundsand
thesearedefined asthe chemica immobilizationwhich
isbased on chemica bond formation betweentheslica
gel surface groups and those of the organic modifier,
and the other approach isknown as the physical ad-
sorption inwhich direct adsorption of theorganic modi-
fier withtheactivesilanol groupstakesplace™.

Selective solid phaseextractorsand pre-concentra:
torsaremainly based on impregnation of the solid sur-
facewith certain donor atoms such asoxygen, nitrogen
and sulfur containing compounds*+*¥. Themost suc-
cessful sdlectivesolid phasesfor soft metal ionsaresul-
fur-contai ning compounds, whicharewiddy usedindif-
ferent andytical fields. Amongst these sulfur-containing
compoundsaredithiocarbamatederivativesfor sdective
extractionof mercury(11)1*% and pre-concentration of
various cations 22228 and 2-mercaptobenzothiazol -
modified slicagd for on-linepre-concentration and sepa-
ration of silver for atomic abosorption spectrometric de-
terminations?d. Ammonium hexa-hydroazepin-1-
dithiocarboxylate(HM DC)-loaded on slicagel assolid
phase pre-concentration column for atomic absorption
spectrometry(AAS) and inductively coupled plasma
atomic emission spectrometry(ICP-AES) was re-
ported®™. Mercapto-modified silicagel phasewasused
in pre-concentration of sometrace metal sfrom seawa
ter?l- Sorption of copper(11) by somesulfur containing
complexing agentsloaded on various solid supports?!
wasa so reported. 2-Amino-1-cyclopentene-1-dithioca
boxylic acid(ACDA) for the extraction of silver(l),
mercury(l1) and palladium(11)2, 2-[ 2-triethoxysilyl-
ethylthio] anilinefor thesdectiveextraction and separa-
tion of paladium from other interfering meta iong? as
wel| asthiosemicarbazidefor sorption of different metdl
iong?" and thioanilideloaded on silicagel for pre-con-
centration of paladium(l1) fromwater?® areal so sulfur
contaningslicage phases.

This paper describesthe applications of alumina
phase-impregnated withAPDC for selectiveextraction
and solid phase pre-concentration of mercury(ll) from
agueousand naturad water samples.

== Pyl Paper
EXPERIMENTAL

Reagentsand materials

Analytical gradenitrate saltsof litium, sodium, po-
tass um, magnesium, cal cium, strontium, barium, zinc,
cadmium, lead, nickel, cobalt(ll), and copper(ll) and
APDC of reagent grade and aluminawere of the high-
est purity. Ultrapure organic solventswere obtained
from E.Merck, Darmstat, Germany, and high purity
doubledistilled deionized water was used throughout
the experimentsand 3-chloro propyl trimethoxysilane
wasreceived fromAldrich Chemical, USA. Organic
solventsweredried according to conventional meth-
ods. For all solutionsdoubledistilled water was used
and the buffer solutionswere prepared from 1.0M so-
dium acetate to which different volumesof 1.0M hy-
drochloric acid were mixed and the pH-value of the
resulting sol ution was adjusted with the use of apH-
meter.

Apparatus

The pH measurementswere conducted by anATC
pH meter (EDT instruments, GP353) cdlibrated against
two standard buffer solutionsof pH 4.0and 9.2. Infra-
red spectraof aluminaloaded-APDC werecarried out
from KBr by aPerkin-Elmer 1430 ratio recording spec-
trophotometer. Atomic absorptionandysisof dl themetd
ionsexcept mercury(Il) were performed with aPerkin-
Elmer 2380 flame atomic absorption spectrometer.
Mercury(Il) determinationswere performed by aVarian
Spect AA-10 plusatomic absorption spectrophotom-
eter equipped with V GA-76 vapour generation.

Preparation alomina-loaded APDC phases

Activation of surfaceauminawasfiltered, washed
with toluene, ethanol and diethyl ether and dried inan
oven at 75°C for 6h. An amount of 20.0g of dry alu-
minawere added to 6.12g (20mmol) APDC aready
dissolved in 400ml dry and hot toluenein the presence
of afew dropsof pyridineand thereaction mixturewas
refluxedfor 6 h. Theresulting phasewasfiltered, washed
with toluene, ethanol andfindly withwater severd times
until the filtrate showed no characteristic colour of
adsorbed APDC. Thephasewasthendriedinan oven
at 70°C for 6h. alumina physically adsorbed APDC
phase was prepared by reflux of 20.0g of active alu-
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minaand 10.12gAPDC in400ml toluenefor 6h. Phase
was a so washed and dried asmentioned above.

Sability studies

Thestability of duminaphasesin different buffer
solutions(pH 1-6) and concentrated hydrochloricand
nitric acidswas studied by batch equilibration. Inthis
procedure, 500mg of the phase wasmixed with 50ml
of the selected solution in 200ml measuring flask and
automatically shakenfor 5h. Themixturewasfiltered,
washed with 500ml water and driedinan oven a 80°C.
Around 100mg of thetreated phase was added to 10
ml of 0.1M mercury(l1) and 9.0 ml of 0.1M sodium
acetate and the mixture was shaken for 30 min by an
automatic shaker. The percentage of hydrolysis of
APDC fromthe surface of modified duminaphasesin
different acidic solutionswas calculated from the de-
termined pmol g* value of each treated phase.

Sorption studies
1. Deter mination of umol g* values

The determination of metal capacity of 13 metal
ions, viz. Mg(ll), Ca(ll), Cr(I11), Mn(I1), Fe(l11), Co(ll),
Ni(I1), Cu(Il), Zn(11), Cd(11), Ba(ll), Hg(I1) and Pb(l1)
asafunction of pH wasstudied by the static technique.
Then 100mg of the dry phase was added to amixture
of 1.0ml of 0.1M metal ion and 9.0ml of the buffer
solution(pH 1-6 and 0.1M sodium acetate) in 50ml
measuring flask. The mixturewasthen automatically
shaken for 30min, filtered, washed with 50ml water and
theunbound metd ion was subjected to complexometric
titration using the proper buffer and indicator solutions
and/or atomic absorption anadysis. Theeffect of shak-
ing timeonthe percentage extraction of metd ionswas
also studied for only Hg(I1) by the static technique. In
this, 100 mg of theduminaphasewasadded to 1.0ml
of 0.1M Hg(ll) and 9.0ml of 0.1M sodium acetatein
50ml measuring flask and automatically shakenfor the
selected period of time (1,5,10,20 and 25min). The
mixturewasfiltered, washed with 50ml water and the
free metal ion was determined asdescribed above.

2. Deter mination of thedistribution coefficient

About 100mg of thea uminaphasewasmixed with
50 ml of themeta ion(1mgmlt) ina100ml measuring
flask and shaken for 3h by an automatic shaker. The
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mixturewasfiltered, washed withwater and diluted with
2% nitric acid solutionin order tofitinthelinear dy-
namic range of each metd ion. A standard solution for
each metal ionwasalso prepared inasimilar way.

3. Percentageremoval of mercury(l1) from aque-
oussolutions

Oneliter of Hg(I1) solution, containing 10, 50 and
100ng ml-* was passed over acolumni? packed with
500 and 1000mg each of alumina. Theflow ratewas
adjustedto 2.0ml min?. Theduentswerecollected and
5ml was diluted with 20ml of 2% nitric acid solution
and subj ected to cold vapour atomic absorption spec-
trometricandyss(CV-AAS).

4. Pre-concentration of mercury(l1) from agueous
and natural tap water

Two literssamplesolution spiked with 20pg mi=in
both DDW and natura tap water were prepared and
passed over acolumn packed with 1000mg of dumina
withaflow rate of 2ml min. Then 10ml concentrated
hydrochloric acid (10.0M) was then passed over the
phase and adsorbed metal ion to desorb the bound-
mercury(I1). Thedesorbed meta ionwasdirectly deter-
mined by CV-AAS. A stlandard solution and blank aque-
ousand tap water sampleswere d so prepared and de-
termined for evaudtion.

RESULTSAND DISCUSSION

Sability studies

Thedahility of thenewly synthesized d uminaphases
wasperformed in different buffer solutions (pH 1,2,3,
4,5,6 and 0.1M sodium acetate) in order to assessthe
possibleleaching or hydrolysis processes. Becausethe
metd capacity valuesdeterminedin section 2 reveded
that the highest one correspondsto Hg(11), thision was
used to eva uate the stability measurementsfor thea u-
minaphase®. Theresultsof thisstudy proved that the
aumina-chemicallyimmobilized APDC phaseismore
resistant than thephysically adsorbed anal og especidly
in1.0,5.0and 10.0M hydrochloricacidwith hydrolysis
percentage of 2.25, 6.10 and 10.50 for phase, respec-
tively.

However, theuseof nitric acid with different con-
centration values(1.0,5.0,10.0M) wasfound to change
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thecolor of duminaphasesfrom dark browninto red-
dishbrownwhichisinterpreted onthebasisof chemi-
cal changesof the organicAPDC modifier viaoxida
tion. Inaddition, stability of phaseswasd so confirmed
from theinteraction with 10.0M hydrochloricacid for
morethan 1 week.

Thistest proved areasonable stability of dumina
phase compared to non-treated silicagel phasesjudg-
ing fromthe color change of thetwo phasesaswell as
themetal capacity vauesdetermination of Hg(l1) and
comparison of these with those of the original non-
trested d uminaphases.

Thus, thesegtahility sudiesindicated the suitability
of phasefor applicationinvariousacid solutions espe-
ciadly concentrated hydrochloric acid and extension of
theexperimentd rangeto very strong acidicmediawhich
isnot suitablefor other normal and selectivechelating
ion exchangersbased on apolymeric matrix(. Finaly,
the alumina phase-loaded APDC phases were also
found to be stable over arange of 1 year during the
course of thiswork.

Metal capacity in variouscontrolling factors

Themetd capacity valuesdeterminedinmmol g*
for thed uminaphase-loaded-APDC indifferent buffer
solutionswerestudiedto evd uatethepH effect of metd
ionontheextractability of theauminaphase. TABLE 1
compilesthe umol g* valuesfor the 13 tested metal
ions, viz) Cr(l11), Mn(1l), Fe(I11), Co(ll), Ni(11), Cu(ll),
Zn(11),Cd(I1), Hg(I1) and Po(11). Severa trendscan be
observed and outlined from thedatagiven. Firs, isthe
strong dependence of mmol g extracted valuesfrom
themetd ion solution for most tested metal ionsonthe
pH-valug?2,

Themaximumvauewasfoundtobemanly a higher
pH-values (pH 5-6 and 0.10M NaOAc). Second, is
thestrong affinity of the aluminaphasefor extraction
and remova of Hg(ll) from aqueous sol ution compared
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to other tested metd ions, as shown by the higher umol
g vaues by aluminaphases 250.

Thisbehavior of dumina-loaded sulfur containing
compounds for selective extraction and removal of
Hg(11) from aqueous and natural water sampleiswell
documented™®?% and reported based on different gov-
erning rules®. Third are the notably high 1100
mol g* valuesdetermined for chemically modified du-
minaphasein comparisonwithvauesfound asgivenin
TABLE 1. The comparison between themetd sorption
propertiesof chemicdly and physicadly-aluminaphases
hasbeen extensively studied®! and theresultspresented
inthiswork are consistent with the surface activity of
the donor atomsresponsiblefor metal ion interaction,
sorption, extraction and selectiveremoval. APDC is
well knownto participatein metd bindingviathenitro-
gen and sulfur donor atoms*. Inthe case of the physi-
cally adsorbed phase, some of thesedonor atomsare
involved in physical adsorption processeswiththeac-
tivesurface, leading to theminimization of thereactivity
of such donor atomsfor metal interaction and binding
processes. In contrast, the chemical bindingof APDC
was accomplished viadirect bond formation between
slicamodified propylchloridewith thethiol-or imino-
group™®. Theproduct, duming, inthiscaseistuned with
theactivedonor atoms (N, S) directed on the surface
of themodified slicagel withthe capability and acces-
shility for fast and direct interactionswiththefreemeta
ion present in solution. Fourth, arethe general orders
of meta capacity vauesfor dl tested metal ionsby the
two phaseswhich arein many respects cons stent and
similar. Therefore, the conclus on drawn from thissec-
tion can beoutlined asthe high superiority of phasefor
seectiveextraction of Hg(I1) aswell asthehigher meta
uptake behavior of aluminaphase.

The effect of shaking time on the percentage ex-
traction of metal ionsat variousequilibrationtimeinter-

TABLE 1: Metal capacity valuesdetermined in umol g

pH Hg(Il) Pb(Il) Cr(Illl) Mn(l) Fe(lll) Co(l) Ni(Il) Cu(ll) Zn(II) Cd(II)
NaOAc 221 51 55 10 - 16 54 60 20 40
6 203 40 32 40 35 45 93 35 62
5 121 31 24 50 - 28 42 72 22 30
4 20 20 18 45 54 20 33 60 11 20
3 32 15 10 25 33 13 33 45 5 21
2 23 14 9 12 21 10 20 20 00 5
1 11 3 5 10 4 5 10 5 00 00

a2Values are based on n=3 with standard deviation of 4
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vas(1,5,10,15,20,25min) wasa so studied and eva u-
ated as umol g and correl ated to that determined at
30min shaking time. Figure 1 representsthe percent-
ageextraction versus shakingtimeinmin and clearly
reflectsthe rapid exchange equilibrium between alu-
minaphaseand Hg(I). Oneminuteshaking timewas
found to be sufficient to establish 84% of the deter-
mined umol g* vaueat 30minwhereas 10min shaking
timeled to 98% extraction. Thedataand results pre-
sentedinthissection revea thesuperiority of alumina
phaseasprevioudy declared inthestability Sudies(Sec-
tion1).

Thedistribution coefficient (K ) dataof thetested
metal ionswith thetwo newly alumina-loaded APDC
phase are summarized in TABLE 2. It isevident that
Hg(I1) isthestrongest sorbed metd ion by dumina-loaded
APDC phase Thedigtribution coefficient vauesof Hg(l)
by theloaded APDC phasewerefound to bemuch higher
than those reported for ion exchangeresins containing
APDC derivatives?. Inaddition, theK , valuesfor Cu(ll)
by dumina-loaded APDC phasewerefoundto comeon
the second placeafter Hg(11) which behavior can bein-
terpreted on the basis of the affinity of both nitrogen
and sulfur donor alomspresent inAPDC for bindingwith
Cu(I1)i**21, Ontheother hand, thevarioustested metal
ionsasshownin TABLE 2 werefoundto exhibit lower
tendency tobind with aumina-l oaded APDC phasejudg-
ing fromthe comparablelow ditribution coefficient val-
uesdetermined for thesemetd ions. Thehigher K ,value
for Hg(I1) and thelower onesfor theother meta ions,
except Cu(ll), providean additiond evidencefor thesuit-
ability of thesetwo newly alumina-loaded APDC phase
for sdectiveextraction of Hg(I1) fromagueoussolutions.
It isa so noteworthy that the conclusion drawn fromthe
evauation of theK , vauesby dumina-loaded APDC
phaseiscons stent with thereported data.

Per centageremoval of Hg(I1) from aqueous solu-
tion

The use of acolumn techniqueisacommon proce-
durefor extraction, separation and selective extraction
of metd ionsfrom variousaguatic systemd*?. Thecol-
umn techniqueis characterized by mg or advantages
over thebatch or static equilibration method that isthe
possiblegpplicationto large samplevolumes*#+9, This
property enablesthe pre-concentration of meta ionsat
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very low tracelevels. The percentage remova of metal
ionsfrom agueous solutionsisessential for theevalua-
tion of the method described and suggested here. This
ismainly dependent on severd well known factorssuch
asthetypeand amount of packing stationary and mo-
bile phases and theflow rate of the mobile phasg?X. In
thisstudy, we attempted to eval uate the percentagere-
covery of Hg(I1) with different spiked concentrations,
namely 10,50 and 100 ng ml* from 11 of 0.1M NaOAc
solution by theapplication of two different amounts (500
and 1000mg) of a umina-loaded APDC phase pack-
ing. Theresults of the percentage removal of Hg(l1)
from agqueous solutions are presented in TABLE 3
which clearly demongtratethe suitability and vaidity of
alumina immobilized APDC phasefor remova and
extraction of Hg(l1). In addition, the effect of packing
amount of silicagel phaseisadsoevidentin TABLE 3,
wherethenear completion of Hg(l1) removal wasac-
complished by the use of 1000 mg phase.

Selective pre-concentration of Hg(l 1) from natu-
ral water for off-lineCV-AAS

Thisstudy wasundertaken in order to evauatethe
potential application of auminaimmobilized APDC
phasefor pre-concentration of tracelevelsof Hg(l1) in
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Figurel: Effect of shakingtime (min) on thepercentage

extraction of Hg(I1) by thealumina phases

TABLE 2: Digribution coefficient (K ) valuesof variousmetal
ions

Metal ions Kg
Cr(I11) 130
Mn(Il) 83
Fe(I11) 35
Co(ll) 72
Ni(Il) 62
Cu(ll) 850
Zn(ll) 450
Cd(in 90
Ho(ll) 19700
Pb(11) 130

Au Tudian Yournal



ACAIJ, 7(2) January 2008

Ali Moghimi 67

natural water samples. Drinking tap water was used
without prior treatments as an example and compared
with doubledistilled water (DDW) to evauateand in-
vestigatethematrix effect. Both drinking tap water and
DDW (21) were spiked with 22pg ml of Hg(I1). Sev-
eral pre-concentration reagents are well known and
extensvely examined for desorption of thebound meta
ionsfrom the surface of the stationary phase and these
includemainly, hydrochloricand nitric acid, thiourea
HCI® aswell as ethyl enediaminetetraacetic acid®”.
However, someof thesereagentsare usually charac-
terized by adsorption on the surface of duminawhich
lead to severe changein the nature of packing material
aswel asnonreproducibleresultsif thecolumnusedin
futuregpplications. Theefficiency of metd ion pre-con-
centration especialy Hg(l1), by 10.0M HCI acid is
found to be highwithout causing any notable changeto
the chemical nature of the organic APDC modifier.
Therefore, 10.0ml of 10.0M HCl wasused for theelu-
tion of theadsorbed Hg(11) from the column bed. The
pre-concentration factor targeted fromthisstudy is200
asgiveninTABLE 4. Astheresultsindicate, the off-
line detection results of the € uted and pre-concentrated
Hg(ll) are very good with asatisfactory pre-concen-
tration factor which can be further increased to 500-
fold by smply increasing thewater samplevolumeto 5
| instead of 2 |. Moreover, natural tap water sample
wasfoundto givevery closeresultsto that reported for
DDW sampleand this comparison indicatesthat the
matrix effectsof the dissolved inorganic and organic

TABLE 3: Percentageremoval of Hg(l1) from aqueoussolu-
tionsby alumina-loaded APDC phase®

Hg(ll) spiked Phase Per centage

(ngml™) (mg) removal
10 500 92+2
50 500 89+3
100 500 96+1.5
10 1000 100+2
50 1000 98+2
100 1000 97+2

aValues are based on triplicate analysis.
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mattersplayed aninsignificant roleintheaimed selec-
tiveextraction, remova and pre-concentration of Hg(11)
by dumina immobilized APDC phase
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