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ABSTRACT KEYWORDS
A solid phase extraction procedure is presented for the separation and Determination;
preconcentration of trace levels of Au (I11) ions by using nano-ZnO. The Gold,
experimental parameters such as sample pH, sorbent mass, contact time, Solid phase extraction;
sample volume, eluent volume, type of eluent, and interference of some Zincoxide.

ions on adsorption and recovery of Au(l11) were investigated using batch
procedure. The maximum adsorption capacity of the sorbent for Au(l11)
wasfound to be584 mgg-'. Thesorption of Au (1) wasquantitativein the
pH range of 3.5-4.5 and quantitative desorption occurred with 5.0 mL of
Na,S,0, and KSCN (1.0mol L™?). Intheinitial solution, the calibration curve
waslinear intherange of 1.3 - 200 ugL-of Au(l11) (r =0.9994), the detection
limit (36,, n=8) was0.39 pg L', relativestandard deviation (R.S.D) of 15 pg
L' of Au(l11) was 1.9 % (n = 8), and the preconcentration factor was 100.
The proposed method has been successfully applied to separation and
determination of gold(I11) ionsin water samples.
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INTRODUCTION

Goldisoneof themost imporatnt nobel metalsbe-
causeit playssignificant rolein biology, environment
and industry. Despite theimportant role of gold com-
pound in biology and medicing, itisknownto bevery
toxic for humansand living organisms, because of its
disruptive effectson the activity of many enzymes™.
Tracelevel determination of gold by flameatomic ab-
sorption spectrometry isoften adifficult task because
of itslow concentration and complex matrices. There-
fore, aseparation and preconcentration step isoften
necessary for itsdetermination?.

Varioustechniques, suchasliquid-liquid extraction®
8, coprecipitation®”, cloud point extractiont®, elec-

trodeposition’, membrane disk'¥, and solid phase
extraction®*2 have been used for separation and
preconcentration of gold. Solid phaseextraction, how-
ever, haveattracted great attention asit offers severa
advantages such assimplicity, high enrichment factor,
rapid phase separation, low consumption of organic
solventsand low cost.

Among themany kinds of adsorbents, nano mate-
rials show agreat potential for rapid and efficient ex-
traction of meta ionsowingtotheir uniquephysica and
chemicd propertied?, A literature servy reved sthat
thereisno report on the gppl cation of ZnO (especialy
nano sized-ZnO) as sorbent for analytical purpose.
However, Mustafaet a utilized micro-sized ZnO for
theremoving of Co?*, Zn?* and Ni?* from aqueous so-
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lutionsg?!, The research was conducted, therefore, to
assess the potential of nano-ZnO as sorbent for ex-
traction of trace Au(l11) ionsfrom water samples. For
this purpose, the nano-sized ZnO was prepared by pre-
cipitation method and examined as sorbent for separa-
tionand preconcentration of Au(lll) ions.

EXPERIMENTAL

Apparatus

The prepared nano-ZnO was characterized by X-
ray diffractometer (XRD; Philips, PWW1800) using Cu-
Ko radiation (A = 0.15418 nm, 40 kV, 30 mA). The
morphology and particlesize of the prepared nano ZnO
were studied by scanning € ectron microscopy (SEM)
usingaPhilips XLS30 modd. A Varian SpectrAA 220
atomic absorption spectrometer (Victoria, Austraia)
equi pped with deuterium lamp background correction
was used for determination of gold using an air/acety-
leneflame. The operating conditionswereasfollows:
wavelength 248.2 nm, lamp current 4.0 mA and dlit
width 1.0nm, air flow 3.5 L min and acetylenflow 1.5
L mint. Adigita pH meter, Metrohm model 827 lon
analyzer equipped with acombined pH glasse ectrode
was used for the pH adjustment. A magnetic stirrer
(Heidolph modd MR 3001K) was used for mixing the
adsorbent and aqueous solutions.

Materialsand reagents

All reagentsused in this study were of analytical
gradeand dl solutionswere prepared by using double
distilled water. Stock solution of Au(lll) at aconcen-
tration of 1000.0 pg mL-!' wasprepared by dis-solving
an appropriate amount of HAuUCI,.4H,0 (Merck,
Darmstadt, Germany) in HCI (0.001mol L'). Work-
ing reference solutionswere prepared daily by stepwise
dilution from stock solution. A solution of KSCN /
Na,S,0, (1 mol L™') wasprepared by dissolving their
saltsin doubledistilled water. The stock solutions of
variousmetal ionswere prepared from their nitrateor
chloride salts (Darmstadt, Germany) and used toin-
vestigatetheeffectsof interferingions.

Thenano- ZnO was prepared by the procedure as
described in Ref?7, Inatypical preparation, 2.4 g (30
mmol) of microsized ZnO powder wasaddedinto 6.0
mL NH,HCO, agqueous sol ution (80% wi/v) under vig-
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orousgtirring at 60 °C intwo steps. (a) onethird of the
ZnO (0.8 g, 10 mmol) was added to the prepared
NH,HCQ, solution until dissolving was compl eted, (b)
therest of ZnO (1.6 9, 20mmol) and 0.2g of CS(NH,),
were added to the above solution and the mixturewas
dtirred for another 2 h. Findly, thewhite precipitatewas
dried at 70°Cfor 6 h, and calcinated at 400 °C for 1h
to prepare the nano-ZnO. The prepared ZnO
nanoparticleswith average particlessize of 10 nmwere
used as sorbent.

Preconcentration procedure

Thegeneral procedurefor theextraction of Au(lll)
ionson nano-ZnO was performed asfollows: an ali-
quot of gold(l11) solution was transferred into a 100
mL beaker, the pH of solution wasadjusted to desired
valuewith HNO, or NaOH (0.10 mol L") solution,
andthefind volumewasdiluted to 20 mL usng double
distilled water. Then, 0.01 g of nano-ZnO powder was
added and the mixturewas stirred vigorously for 30
min. After that, the solid masswas separated by centri-
fuging (6000 rm) and waswashed with double-ditilled
water. In desorption experiments, 5.0 mL of Na,.S,0,/
SCN (1 mol L-1) solution was added to the adsorbent
asduent and themixturewastirred vigoroudly for 10
min. Finaly, the solid mass (adsorbent) was separated
by centrifuging and the analytein supernatant was de-
termined by atomic absorption spectrometer. Also, a
blank sol ution underwent the same conditions. All ex-
perimentswere performed for threetimesand themean
valuewas used.

Samplepreparation

Tap water samplesweretaken fromdrinking water
(Qazvin, Iran) and well water was collected from city
of Qazvin (Iran). The water samples were filtered
through Whatman No.4 filter paper of 0.45um pore
sSizeto remove any suspended particles. Then, 500 mL
of sample was transferred to a beaker and the pro-
posed procedurewas gpplied to preconcentrate Au(l11)
ions.

RESULT AND DISCUSSION

Characterization of thenano-ZnO
The prepared nano-ZnO was characterized by
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XRD and SEM techniques. Figurel showsthe XRD
pattern of the prepared nano-ZnO. Thediffraction pesks
appeared at 20 of 31.8° 34.4°% 36.3°, 47.6°, 56.6°,
62.8° 67.9°, and 69.1° can be perfectly indexed to the
ZnO hexagonal wurtzite structure (JCPDS card 36-
1451), indicating theresultant nanoparticlesare pure.
Theaverage particle size of the prepared ZnO, calcu-
lated by the Scherrer equation wasfound to be about10
nmi23, Figure 2 presents the SEM image of the pre-
pared ZnO nanoparticleswhich exhibited aflower-like
morphology.
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Figurel: X-ray powder diffraction pattern of thenano-ZnO
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Figure2: SEM imageof thenano-ZnO.

Effect of pH on Au(l11) extraction

The effect of pH on the recovery of Au(lll) was
investigated inthe pH range of 3.5-10 and the results
were presented in Figure 3. No further studieswere
performed bellow pH 3 because of disoultion of ZnO
inhighacidic solution. Asisseen (Figure 3), therecov-
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ery of gold was quantitative (>95%) inthe pH range of
3.5-4.5, and it gradually decreased with theincrease
inpH. Theresultsalso demonstrated that therecovery
was drastically declined above pH 9. This phenom-
enon can be explained by two pH dependent factors
which affect theAu(l11) adsorption efficiency: zero point
chargeof theadsorbent and theformation of Au chloro-
anionic species. Asit wasreported®, the pH of zero
point charge (pHzpc) for ZnOis9, and hence at pHs
<pHzpc, the surface of ZnO nanoparticles become
positively charged owing to protonation of thehydroxyl
groups®. At low pH, when solution acidity was con-
trolled by HCI, theamount of chlorideinthesolutionis
high enough to favor the formation of Au choloro-
anioinic speciessuch as[AuCl4]-. Therefore, thesorp-
tion of Au(l11) ionsin acidic solutions can be attributed
to e ectrostati c attractions between positively charged
sitesof sorbent and negatively charged Au(l11) species.
When pH value exceeds pHzpc, the surface sites of
sorbent became deprotonated, causing declineinAu(l1l)
adsorption, because of the repulsive electrostatic ef-
fects. Moreover, the decreasein adsorption of Au(l11)
with theincreasein pH may berelated to the presence
of less-adsorbableAu(l11) specieswhich canstemfrom
thelower availability of chlorideanions. Giventhese
results, thefollowing experimentswere carried out at
pH 4. Itisworthwhileto point out, high adsorption of
Au(ll1) ionsfrom acidic solutionsisvery promising for
practical applicationsbecausestrong acidsareusually
used to decompose materia sconsisting of gold.
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Figure3: Effect of pH ontheadsor ption of Au(l 1)) ontonano-
ZnO (Au(l11): 20ngmLL; samplevolume: 25 mL ; sorbent
mass: 0.05g; contact time: 60 min).
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Effect of contact timeand amount of sor bent

Theeffect of contact timeontheAu(l11) sorption
by nano-ZnO wasinvestigated by mixing 25 mL of 20
pg mL2Au(l1) solutionwith 0.05 g sorbent. Asshown
inFigure4, the adsorption of Au(l11) isover 96% dur-
ingthefirst 5 min, indicating very fast adsorption pro-
cess. Theeffect of nano-ZnO amount on the sorption
of Au(lll) ionswasstudied by mixing different amounts
of sorbent (in therange of 0.1-0.15mg) with Au(l11)
solution for 10 min. It can be seen (Figure4) that the
amount of sorbent has no significant effect on adsorp-
tion percentages. Hence, the further experimentscar-
ried out by using of 0.01 g Nano-ZnO for 10 min.
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Figure4: Effect of sorbent amount and contact timeon the
adsorption of Au(l11) by nano-ZnO (Au(l11) : 20ugmL %; sample
volume: 25mL; pH: 4.0)

Choiceof duent

In order to choose aproper € uent for desorption
of theretained andyte, variousd uentsincludingH,SO /
NH., Na,S,0/KSCN, Na,S,0,, NH,, and thiourea
were examined for the desorption of theretained Au
from nano-ZnO sorbent. Ascan beseenfrom TABLE
1, the best recovery was obtained with 5 mLNa,S,0,
/KSCN solution (1 mol L?). Thusfive mililiters of
Na,S,0,/KSCN (1 mol L) was used as proper elu-
ent for thefurther experiments.

Effect of samplevolume

To determine the maximum applicablesamplevol-
ume, variousvolumesof samplesol utions (50,100, 200,
300, 400, 500, 600, 800 and 1000 mL) containing 20

TABLE 1: Effect of dluent on thedesor ption of Au(l11) from
Nano-ZnO

Typeof eluent ReE:g/J(\)/)ery
10mL H,SO,/ NH (4 mal LY 182
10mL H2S0, (2 mol L) /NHz(4 mol L) 238
10mL Na,S03 (1mol L™ 57.8
10mL NHz(2 mol L™) 145
10mL thiourea (0.5 mol L™) 75
10mL K SCN/ NaS,03 (0.5 mol L™) 636
10mL KSCN/ Na,S,0; (1mol LY 925
5mL KSCN /Na,S05 (1 mal L™ 101

ng of Au(Ill) ions were treated according to the pro-
posed procedure. The results showed that the recov-
ery of gold isquantitative (> 95%) up to 500 mL, and
at greater volumethe percent of recovery isdecreased.
With respect to elution volume of 5 mL, a
preconcentration factor of 100 wasobtained for gold
extraction.

I nterferencestudies

Interference effect of common coexistingionson
theadsorption of Au(lI1) ionsby nano-ZnO wasinves-
tigated. For thispurpose, variousamountsof interfer-
ingions(intheform of their nitrate or chloride salts)
wereadded individually to asolution containing 40 pug
Au(l11) and therecommended procedure was applied.
Thetolerancelimitsof coexisting ions, defined asthe
maximum concentration making therecovery of Auless
than 95%, weregivenin TABLE 2. Theresultsreveded
that the presence of major cations and anions has no

TABLE 2 : Tolerance limits of the diverse ions on the
adsorption of 2ug mL™" Au (I11).

Diverseion Tolerancelimit (ug mL™)
Na' 2000
K* 1500
cu®t, zn* 400
Mg** 1000
ca’* 1500
Al* 200
Fe** 200
cl 3000
S04* 1500
PO, 200
NOs 2400
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obviousinfluenceon extraction of traceamount of Au
(1) ionsin water samples under the sel ected condi-
tions.

Adsor ption capacity

The adsorption capacity isanimportant character-
istic which determines the amount of the sorbent re-
quired for quantitative extraction of theanalytefroma
given solution. To eval uate the adsorption capacity of
thenano-ZnO, increasing amountsof Au(ll1) ionswere
added to a10 mg nano-ZnO sorbent for saturation and
theadsorption procedurewasfollowed under optimum
conditions at room temperature. Then, theamount of
Au(lll) ions adsorbed per unit mass of sorbent at each
concentrationlevel wasdetermined. Theresultsreveded
that adsorption capacity of the sorbent wasincreased
withincreaseintheconcentration of Au(ll1) and reaches
theplateau which determinesthe adsorption capacity
values. Fromtheexperimental data, the maximum
adsorption capacity (Q__ ) of thenano-ZnOfor Au(lIl)
ionswasfoundto be584 mgg?.

ANALYTICAL PERFORMANCE

Under theoptimal experimentd conditions, thecdi-
bration curvefor Au(lll) wasfound to belinear inthe

—— Fyll Peper

TABLE 3: Determination of Au(l11) in water samples.

Added (ng  *Found (ug Recovery
SRS L) L) (%)

0 ®nd -
Tap water 15 155+0.2 103

25 244+0.3 97.6

0 nd -
well 15 14.3+0.4 95
water

25 241+0.3 96

2 Mean + standard deviation (n=4); ® nd: Not detected

rangeof 1.3- 200 ug L' of Au(l1l) intheinitia solu-
tion. Thelinear regression equation wasA = 0.0313C
+ 0.0048 with correlation coefficient of r = 0.9994
(n=8), whereA and C arethe absorbance and concen-
tration of Au(lll) inug L™, respectively. Thelimit of
detection (LOD) wascd cul ated asthreetimesthestan-
dard deviation of eight replicate measurementsof blank
solution using the preconcentration method wasfound
tobe0.39 ug L. Therddivestandard deviation (RSD)
for eight replicate measurmentsof 50 mL of 15ugL™!
Au(ll) solution was 1.9 %, indicating good precision
of themethod. The accuracy and applicability of the
proposed method for determination of Au(l11) inwater
samplesweretested by spiking experiments. For this
am, variousamountsof Au (111) werespiked into wa-
ter samplesincluding tap water and well water and the

TABLE 4: Compar ativedata from somerecent studieson solid phaseextraction of Au(l11).

LOD (g RSD
Sor bent Eluent Qmaf PF ; Reference
(mg g?) ) (%)
Nano-ZnO E.?‘)ZSZQ"KSCN (1ma 584 100 039 19  Thiswok
Nanometer TiO,immabilized on 0.1 mol L HNOs 356 50 021 18 21
silicagel .
. . )
Madified activated carbon aéth'ourea' nimol L 32 200 026 31 14
Ami dinothi ourei do- Slica gel 5 %thiourea 5.5 - 13 12 19
. . . -1
Alumi na/&(&qunjol inylazo)-4- 1 _moI L~ HNO3 and 3% 177 10 0.27 45 24
hydroxybenzai cacid thlourea]
. . 2molL—~ H,SO,+
Dowex M-4195Chdating resn 4ol NHs 8.1 31 161 <5 17
Amberlite XA D-2000 0.07 ma LY NH3 - 30 2 32 16
0 . - _1
Moadified activated carbon ﬁéth'ourea' nimol L 02 125 5 <3 18
,1 .
Amberlite XA D-2000/DDTC 1md L7HNG;in 123 200 166 <6 15
acetone
1mo Lt HNO3in
DWCNTs cotore 1 100 150 15 - 22
MWCNTs 3%thioureain1mol L 148 75 015 31 23

Hd
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proposed procedure wasfollowed. Theresultsindi-
cate (TABLE 3) that the proposed procedureis suit-
ablefor preconcenration of tracelevel of Au(lll) ions
and has potentia for application in separation/determi-
nation of gold from water samples.

COMPARISON OF THE NANO-ZnOWITH
OTHER SOLID PHASE EXTRACTANTS

A comparison of the proposed method with some
other preconcentration proceduresfor solid phase ex-
tractionof Au(lll) isgiveninTABLE 4. Asitisobvi-
ous, the maximum adsorption capacity of the present
nano-ZnOissurprisingly higher than that of other sor-
bents. In addition, the present method has compara-
tively low detection limit, high enrichment factor and
good precision. Moreover, unlike the majority of
adsorbents used (TABLE 4), the present nano-ZnO
could provideasuperior adsorption capacity and high
analytical performancewithout the need for additiona
treatment such as surface modification or using chel at-
ing reagents.

CONCLUSION

A simpleprocedurewas proposed for solid phase
extraction of tracelevel of Au(lI1) using nano-ZnO as
sorbent. Compared to many other adsorbents, the
present nano-ZnO exhibited asuperior adsorption ca-
pacity (584 mg g?')towardsAu(lll) ions. It aso could
providehigh enrichment factor, low detectionlimit and
good precision for separation and preconcentration of
Au(l11) in agueous solutions. Moreover, the present
sorbent can be prepared by a simple procedure and
low cost materials. Considering the above-mentioned
merits, thenano-ZnO isapotentialy promising sorbent
for solid phase extraction of gold. However, more stud-
iesarerequired to devel op the method to determine
goldinred sampleswith complex matrices.
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