#na@tiaa[ CH

Volume 15 I ssue 9

CMISTRY
A Judian Joaraal

ISSN : 0974-7419

s Pt P aper

ACAIJ, 15(9) 2015 [369-378]

Fabrication of a highly sensitive and selective sensing element
based on Curcuminthe natural pigment of Curcumaforoptical
determination of toxic mercury(ll) in aqueous solutions
Abdollah Yari*, Hamzeh Adelpour

Department of Chemistry, L orestan Univer sity, 68137-17133 Khorramabad, (IRAN)
E-mail : a.yari@ymail.com

ABSTRACT KEYWORDS
Inthispaper, we are reporting the application of Curcumin, anatural diketon Curcumin;
and an anticancer compound, to develop and construct a novel optical Mercury(ll);

Optical sensor;
PV C-membrane;
Sensor fabrication.

sensor that is highly selective to Hg? ion in aqueous solution. The sensing
element, incorporated into a plasticized poly(vinyl chloride) membrane, is
capable of determining mercury(l1) over awide dynamic range from 4.07x
10%t03.47x 10" M at pH5.0 with alower detectionlimit of 1.01 x 10®#M. The
optode membrane’s response to Hg?'was fully reversible and reveded a
very good selectivity towards Hg?* ion over awide variety of other metal
ionsin solution at aresponse-time less than two min. The results of experi-
mental measurements by the proposed optical sensor were significantly
suitable for applicationsin direct determination of mercury(l1) in environ-
mental real samples and satisfactorily was comparable with the data from

cold-vapor atomic absorption spectrometry.
© 2015 Trade Science Inc. - INDIA

INTRODUCTION

Thereiscurrently great interest in the construction
and development of optica sensorsasan emerging fron-
tierinandytical chemistry. Theneed for fast, easy, and
economica monitoring of environmenta samplesespe-
cidly for heavy meta ionsinred timeiswhy they have
gained scientificinterest. They havethe advantages of
S ze, cost-effectiveness, smplicity, no necessity of the
reference solution, and fiel dwork applicability!*!. The
sensing element of an optical sensor can selectively re-
actswith theana yte and shows spectra changein ab-
sorption (or emission) caused by theanalyte either it-
self, or the anayte reacting with aspecific indicator.

Thischange could befollowed asafunction of anayte
concentration or to gain somequalitativeinformation
about the speciesof the system tested. No further sam-
plings, addition of reagentsor dilutionsare normally
required, so chemical sensorsbased on optical signal
measurements arethose of the advanced techniquesin
anaytical chemistry!239,

Because of effects of heavy metalson the ecosys-
tem and the human health, the determination of their
traceamountsin aguatic environment isof tremendous
interest. Nowadays determination of trace amounts of
oneof theseheavy metal ions, mercury (I1), inenviron-
mental samplesisof great importanceduetoitshigh
toxicity, accumulativeand pers stent character intheen-
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vironment and living organisms. It may causekidney
toxicity, neurologica damage, paraysis, chromosome
breakage, and birth defectssinceit readily be absorbed
by humansand other organisms™ 3. Sofar, avariety
of methods havethusbeen used for measuring of Hg(Il)
concentration in aqueous ol utions. Themost common
methodsare atomic spectrometry™1¢, molecul ar spec-
trophotometry!>-3171, and voltammetric methodg 8201,

Curcumin,(1E,6E)-1,7-bis(4-hydroxyl-3-
methoxyphenyl)-1,6-heptadiene-3,5-dione,isayelow
natura phenolic pigment extracted from therhizomeof
Curcuma longa Linn® (Figure 1). Recent years,
consi derabl eattention has been paid to Curcumin due
toitsattractivebiological, pharmacol ogical and some
helpful propertiesind uding anti-inflammatory, antican-
cer, antibacterial and antivira characteristics??!. Re-
cently, we have studied the chemiluminescence of
Curcuminin aperoxyoxal ate sysem® and also found
that Curcumin can selectively reactstoward mercury(l1)
ioninsolution.
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Figurel: Thetautomericstructural “enol” and “keto”
formsof C, incor porated into themembraneasthesensing
material.

Here, wearegoingtointroduceanovel optica sen-
sor based on thenatural compoundCurcumin,which
demonstratess gnificant change oflight absorptionwhen
exposures to a solution containing mercury(I1) ion.
Therefore, wewill discussthesd ectivity, responsetime,
reversibility, andlifetimeof the proposed optodein de-
tals.

EXPERIMENTAL

Materialsand reagents
Hnalytical CHEMISTRY o

All reagents(all from Merck) wereof anaytica re-
agent grade and used asreceived, except for vacuum
drying over P,O,. Curcumin (C), whichwas sel ected
assensing material ,was al so purchased from Merck.
High molecular weight PVC, plasticizers Teris (2-
Ethylhexyl Butyl) Phosphate (TEBP),
Tri(methylhexyl)phthalate (TMHP), Bis(2-
ethylhexyl)phosphate (BEHP), Di(ethylhexyl)sebacate
(DEHS), Diisodecyl phthdate (DIDP), and freshly dis-
tilled Tetrahydrofuran (THF) were used for membrane
preparations. The cationic additive, potassium
tetrakis(para-chlorophenyl)borate (KTpCIPB),was
used where needed. Tetraethylammoniumperchlorate
(TEAP) wasused astheionic strength stabilizer inthe
spectrophotometric solution studies. Themetal cations
tested wereof their nitrate salts. Doubly distilled and
deionized water was used throughout.

Instrumentation

Spectrophotometric measurementswere made by
using a Shimadzu UV-76 1650PC UV-Vis spectro-
photometer with 1.0-cm quartz cells. pHsof solutions
were measured by alJenway 3020 (UK) pH-meter. A
hydride-generation cold-vapor atomic absorption spec-
trometry system (CV-AAS) including an AA 670
Shimadzu atomic absorption spectrometer was used
for measurement of mercury contentsof the samples.

General procedur eof sensor fabrication and mea-
suring method

The general procedureisaswe have already de-
scribed e sewhere?. A clear and homogenousoily so-
[ution was prepared from amixture contai ning appro-
priate amounts of active components, 1 mgC, 1 mg
KTpCIPB, 50 mg PVC and 100 mg of BEHP (see
TABLE 1) by dissolvingin 3.0 ml of freshly distilled
THFE An aiquot of 0.2 ml of this solution was
transferredon top of the surface of a14x25 mm?thin
quartz plate, which was mounted on aplatformunder a
THF-saturated atmosphere®l. In thisway, aclear and
homogenous membraneof approximatey 4 2m thick®
was coated onto the plate and allowed to stand inam-
bient air for 2 h beforeuse.

Thefilmwasmounted inthediameter directionof a
measuring cell (Figure2). A stock solutionof 1.0 x 10
M Hg?* was prepared by dissolving exactly weighted

Au Tudian Yournal



ACAIJ, 15(9) 2015

Abdollah Yari and Hamzeh Adelpour

371

—— Fuyl] Paper

TABLE 1: Congtruction of different membranestofind thebest membranecomposition based on C

Composition (mg) Response
lonophore - - . . :
No ) PVC Plasticizer(100 mg) Additive (KTpCIPB)  Responsetime(min) Linear range(M)
1 1 50 DIDP 1 3 3.68x10°-3.33x10°
5 1 50 DEHS 1 4 3.21 x10 °- 2.39x10?
3 1 50 TMHP 1 4 6.81x10° - 1.81x10*
4 1 50 TEBP 1 4 9.11 x10° - 1.45x10°2
5 1 50 BEHP 1 <2 4.07x 10°°-3.x4710
6 2 50 BEHP 1 3 6.21x107-931x10°
7 3 50 BEHP 1 3 3.87x107-1.31x10"
8 1 40 BEHP 1 3 8.15x107-251x107
9 2 60 BEHP 1 2 1.27x10 " - 1.11x10 2
10 1 50 BEHP 2 2 8.21x10°-7.31x10°
11 1 50 BEHP 4 3 4.01 %107 - 1.18x10°*
12 0 50 BEHP 1 6 8.51x10*-7.51x10°°
L Measuring Cell
1.3 -
Optical Film l
b=
Light ; 08
=
Figure2: Mountingand the position of optical sensing film
inthemeasuring cell. 03
amount ofHg(NQ,),.2H.O inwater. The standard
mercury(Il) solutionswereadded sequentialy into the
system by amicropipette (with 2-ul step) and the ab-
sorbancedatawasrecorded at 4 =420 nm. Thelim-
Q2 T

iting absorbencies A, and A weredetermined withthe
optode membrane in contact with (1.0<103M) and
without Hg?*. By plotting theresponse values versus
thelogarithmic concentrationsof mercury(ll) ion (pHg),
the unknown mercury(I1) concentrationswereeva uated.
All measurementswere carried out at room tempera-
ture.

RESULTSAND DISCUSSION

Solutionspectr ophotometric study
To explorethespectral propertiesof Ctouseasan

320 370 420 470 520

Wavelength (nm)
Figure3: Absorption spectrafor a solution containing
1.20x10“ M of theligand C at afixed ionic strength of 0.05
M (TEAP) and varying amountsof Hg? ions(0.00t0 3.52) x
0*M.

opticaly sensing materia for mercury(ll) ion, wetested
variousmeta ionsinapreliminary experiment. It was
found that addition of proper amountsof Hg?* to aso-
lution of Cinethanol (EtOH)resultsinafast changein
the absorption of the solution indicative the complex
formation from thereaction of CwithHg(ll). Figure 3
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Figure4: Theabsorbancever sus[Hg*]/[C] moleratioplots,
obtained at 420 and 365 nm (points) and the corr esponding
program-predicted values(solid line)in EtOH solution.

[ ]

demonstrates the absorption spectraof asolution of
C(1.20 x10* M, at afixed ionic strength of 0.05 M
TEAP) after addition of varying amountsof theHg(I1)
(0.00t03.52 x 10* M) solution. As can be seen, the
compl exation was accomplished by creating aclear
isobestic point at 382 nm and ardl atively strong shift of
absorption band of theligand C(2__ =420 nm) towards
ashorter wavelength 365 nmfor the complex, where
theligand showed no distinct peak. Such apronounced
effect on the electronic spectra of the ligand can be
related to effectivechangeinthe conjugationof theligand
mol ecul e brought about by its complexation with the
Hg? ion.

Theabsorbanceversugd Hg?*]/[C] moleratio plots,
obtained at 420and 365 nmin EtOH solution, areshown
inFigure4. Theplot revealsaclear inflection point at
[Hg?*]/[C] moleratio of about 1 emphasizing formetion
of al:1 (meta-to-ligand) complex inthesolution. The
formation congtant of theresulting complex wasevau-
ated by computerized fitting of the correspondingmole
ratio datato proper mass bal ance equation®¥ by using
anon-linear curve-fitting program, KINFIT®4, The
output of the program comprisestherefined param-
eters, the sum-of-squares, and the standard deviations
of thedata.

Theprogram’spredicted values (solid line) best fit-
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Figure5: Absorption spectrafor theligand C, incor porated
into the membrane, at the presence of varying amounts of
Hg? ion (0.0t01.0x 10#) M in aqueoussolution.

ted onthe experimental ly obtained data (points) for a
1.1 (meta:ligand) modd . Theresultsareasoshownin
Figure4. Theresulting formation constant value, K,
was(2.44+0.01) x 10°. Thesum-of-square valuefor
thiscomputation waslessthan 0.0001 that isso rea-
sonable.

Ascan beseeninFigure5, after C wasincorpo-
rated inthe PV C membrane, the spectra pattern of the
ligand-metd interactioninthemembraneremained smi-
lar to that occurred in the organic solvent. Thisfact
showed ustheway, on which we could usetheligand
asasensngmaterial inamembraneasanove sensing
element to construct an optical sensor for mercury(ll)
ion measurement in solution. Thisisthe basisof the
optica sensing deviceinthisinvestigation. Therefore,
wavel ength 420 nmwas used in al subsequent absor-
bance measurements.

Measuring principle

Whenamercury(ll) ionisextractedinto theoptica
membrane, it formsacomplex with C and decreases
itsabsorptionat A, =420 nm considerably, asthecon-
centration of Hg?" increases. Thisillustratesthat the
optode membrane can be used for theassay of Hg?* in
agueous solution.
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Figure6: Thepredicted datacurveplot (lin€) for the opti-

mized membrane(No. 5, Table 1) isbest fitting tothe experi-

mental data (points) indicativea 1: 1 natur e of the complex

existsbetween Hg and theligand (C) in themembranewith

K, ,(7.81£0.01) x 102

Aswehavedready showninFigurel, Cinvolves
inan enol—ketotautomeric reaction, in which complexes
Hg(l1) viathe “keto” form!. Neglecting charge bal -
ance, theoverall equilibriumisexpressed asfollows
(Eq. 2):
mHg?, +NCyq + 2MKR, < R,,HG.C. o)

L (2m)K @)

(aq)

KRisthecationic additive. Thelaw of massaction
can describethe corresponding equilibrium constant,
K.« Of thesystem for Hg** ionsthat isexpressedin
Eq. 2, inwhichitisassumed that the concentrations of
speciesinthe membrane are proportional to their ac-
tivities

_ [RZmHngn]org'[in;n 5
exch — +1m n m
[Hg> 1o [C]L, [KRIZ @

org
K., depends on the complex formation constant,
on thedistribution coefficient of the Hg?*ionsbetween
the aqueous sampl e sol ution and the organic membrane
phase, and pH of thetested solution.
Itisobviousfrom Eq. 2 that aplot of a,whichisthe
ratio of the concentration of free Hg(I1)-C complex to

K
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Figure7: Theeffect of pH on theresponse of the proposed
optical sensor tothemetal ion in thepresenceof 4.0x 10+ M
Hg? ion. Theresponse cur vedatawasobtained by measuring
theabsor bancevaluesfor Hg? at different pH valuesfrom 1.0
t012.0.

thetotal amount of C (C_) intheorganic phase, versus
pHg should givecomplicatere ationshipsby dtering the
ratio of m:nand adjusting theoveral equilibrium con-
stant K_ . In order to study the composition effect,
different stoichiometric ratios of m:nand equilibrium
congant K . wereused for different membranes. There
were no good agreements between the experimental
dataand thosefrom the theoretical cal culationsexcept
for the1:1 mode (m=n).

Thesolutionstudy revealed al:1 complex isformed
fromthereaction of Cwith Hg?* ion, fromwhichif we
also assumesuch acomplex isformed in the optode
membranethen Egs. (1)and (2)aresimplifiedto Egs.
(3) and (4), respectively. Theextraction of Hg?* from
aqueous samplesol utioninto themembrane phaseand
itscompl exation by C proceedswith the exchange of
twoK™.

2KRurg) +Clorg + HGag) > RHIG ) +2K (a0 (3)
[R.HYCl, [K 15
Keen = 25 5 @)
[C]Ol’g'[Hg ]aq'[KR]org
From Eq. 4, we can obtain therel ationship between
aand[Hg*]:
_[HoCl,,
o =—-
C

C

= [HgC] = aCC ![C]org = (1_ a)CC

org

Then theresponse function for suchamembrane
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could be denoted by Eq. 5.

OtCC.[KJr]ilq
Keen = 2+ 2
(1-a)C..[Hg ]aq.[KR]

org
a KT 1 ®)

) (1—a)'[KR]§rg [Hg™]

In this equation, at a constant pH, awould be a
function of Hg?* concentrationinthesolution, if weas-
sumetheterm [K*]?/[KR]?is nearly constant because
thetotal concentration of KR islow and not changed
consderably.

Here, the response curve of the optical sensor is
usually depicted asthe normalized absorption a asa
logarithmic function of themeta-ion concentration. The
measured absorptionisconverted into o by Eq. 6,in
which A, isthe absorption of the freeligand, A_the
absorption of thecomplex, and Aisthe measured ab-
sorbanceat 420 nm. From Beer’s law, we assume the
normalized absorbance value a,, whichindicates the
molar fraction of the complex, isrelated to the mea-
sured absorbanceasfollows:

Lo (A=)
(6)

(A-A)
Eq. 5 can be used to find the theoretical data, to fit
observed absorptionsand to calculate K, [*9. In ad-
dition, Eq. 5isthebasisof quantitative determination of
mercury(Il) using the optical membrane. Using Excel®
and different reasonablevaluesfor K, wepredicted
the corresponding datafor theexperimentally obtained
va ues of measured responses of the optodeinthepres-
enceof different concentrationsof Hg?* inthe solution.
Asisclear from Figure6,the predicted data(curveline)
isbest fitting to the experimental data (points) indica-
tiveal:1 nature of the complex exists between Hg?
and the ligand (C) in the membrane and the
correspondingK_  was(7.81+0.01) x 102,

Although, it has been reported that the addition of
asatwithahighly lipophilic anionin the membrane
phase may ensure asufficiently high amount of cations
in the organic phasel®? we found that the
membraneabsorption wasnot varied considerably in
the presenceof KTpCIPB. However, alipophilicanion
isnecessary to facilitate the cation extraction fromthe

Hnalytical CHEMISTRY o

aqueous solution. Experimentally, we optimized the
amount of KTpCIPB (seeTABLE 1).

Effect of pH

Apparently, from Eq. 3, the sengitivity of thesens-
ingfilm not dependsonthepH of theagueous solution,
whilethecomplexationreactioninvolvesaprotontrans-
fer in enol-ketotautomericprocessof C. Certainly, this
process could be affected by pH of the surrounding
solution thataffectsthe response function of themem-
brane. Thisimpliesthat the responsevauesfor Hg**
should be measured in pH-buffered solutions. Figure 7
shows the effect of pH on the response of the pro-
posed optical sensor to themetd ioninthe presence of
4.0x 10* M Hg? ion. Theresponse curve datawere
obtai ned by measuring the absorbanceva uesfor Hg?*
at different pH valuesfrom 1.0to0 12.0, which adjusted
with minor amounts of concentrated NaOH and HCI
solutions. At the pH valuesintherangeof 4.0-8.0, the
working responsedid not vary. At pH valueslower than
4.0, the sensing material istotally protonated in the
massive presence of hydrogen ion, so itsabsorbance
would extremely decreases. After the pH reechesarda-
tive high value (higher than 8), the keto form
deprotonated and the hydrogen transferring process
stops. Onthe other hand, the mercury(I1) ion precipi-
tate as a hydroxide form and the exchange reaction
would aso beinhibited. Among somebuffer solutions
tested, the best working function was seen when the
membranewas used in the presence of acetate-buffer
(pH=15). In subsequent experiments, apH 5.0 acetic
acid/sodium acetate (0.01 M) buffer solutionwasused
asagood experimental conditioninwhichtheionic
strength was al so kept constant through thework.

Themembranecomposition

Asit was expected,the nature of plasticizer could
play akey rolein determining theion selectivity of the
membrane®. Here, fivedifferent plasticizerswerein-
vestigated and theresultsareshownin TABLE 1 (Nos.
1-5). As can be seen for the case of BEHP, the mem-
braneresponsetowards Hg?* ion givesthewidest work-
ing dynamicrange(4.07x 10*-3.47x 10' M at pH
5.0 with alower detection limit of 1.01 x 108 M).

Inaddition, theamount of PVC (Nos. 5,8and9in
TABLE 1) caninfluencetheresponseof themembrane.
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Figure8: Thetime-dependent response char acteristics of

the optical membrane, which immer sed in an acetate buffer
solution containing 4.0 x 10 M Hg*,atA,__ =420 nm.

Membranes5, 6 and 7 indicate the effects of con-
centration of theligand incorporated into the composi-
tion.

The other parameter of the membrane composi-
tion, which hasto beinvestigated, istheligand-to-ad-
ditiveratio. Theresultsare summarized asNos. 5, 10
and 11. Finally, in order to show the capability of the
optimized membrane (No.5in TABLE 1) toward the
Hg?* ionwithout theionophore (whitemembrane), we
investigated thecomposition No. 12 which showed that
theresponse characteristics of the system are not use-
ful. Intheend, the optode (No. 5) with the optimized
composition 1:1:50:100 (mg) of CKR:PVC.BEHPwas
sel ected asthe best onefor subsequent measurements.

Responsetimeand reversibility

From theliterature® and our preliminary experi-
ments, theresponsetimevalue(t,,) of thesensor when
reachesto 95% of itsfina value (seadystate), depends
on thesensing membrane composition. Figure8 shows
thetime-dependent response characteri stics of the op-
tical membrane, whichimmersed in abuffer solution
containing 4.0 x 104 M Hg*. We found that avery
thin, homogenousand reproducible PV C-based mem-
brane including 50 mg PV C and100 mg plasticizer
BEHP(No. 5) showstheshortest responsetimefor each
membrane (<2 min), inwhichthesensor isableto moni-
tor themercury(ll) ionsreversibly.

04
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Figure9: Thereversbility of theoptical membrane calcu-
lated from the absor ption valuescollected from the alter na-
tive measur ementsof the buffer solutionscontaining 1.0 x
10°and 1.0 x 10°M Hg* at A__=420nm, top and bottom,
respectively.

Diverse ion
Figure 10: Effect of somediversecationson theoptodere-
sponsetothemercury(ll) ion. Theplot showsthedeviations
(%) of the optoderesponsein the presenceof 0.01 M of the
diverseions Al(111), Cu(l1), Pb(11), Cd(11), Ni(11), Mg(l1), Ag(l),
Na"and K",

Therevershility of the optical membranewascal-
culated from the absorption va ues collected from the
alternative measurements of the buffer solutionscon-
taining 1.0 x 10°and 1.0 x 10°M Hg*. Theresults
areshownin Figure9. Ascan beseen fromthisFigure,
thesystemishighly reversible. Theevaluated %RSDs
wereof £0.02 and +0.03 for the lower and the upper
Hg?* concentrations, respectively.

Sability and lifetime
The optimized membranewas kept unused over a
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TABLE 2: Application of the optodeto deter minethemercury(I1) contents (ppb) of somereal samplesby using standard

addition methodof six replicate measur ements

ACAIJ, 15(9) 2015

Sample CV-AAS Proposed Sensor
Tap water 1.32+0.02 1.36+ 0.05
Fountain 2.61+0.02 2.68+ 0.06
Khorramabad River 1.86+ 0.03 1.78+ 0.06
Cyanidic garbage 3.88+ 0.03 3.79+0.05
Resinic black mud 1.16 + 0.03 1.22+ 0.04

period of 2 months. The membrane exhibited agood
gability withadynamicrangedeviation of lessthan 1.0%,
when the mercury(11) ion solutions were measured.
Then, over aperiod of 3 months, using the optodein
contact with amercury(ll) solution (1.0 x 10 M) for
1 h per day, the absorbance signal of the optical mem-
brane not changed more than 3%.

Washing by distilled water regenerated the mem-
brane and no detectable |each of theligand into the
sol ution was seen during the measurements of sample
solutionsover thisperiod. Theoveral lipophilic prop-
erty of ionophore (C) anditdong-chain structurewould
providelong lifetime and no leaching from the mem-
braneinto the solution.

Detection limit and selectivity

In order to assessthe possible anal ytical applica
tion of thesens ngmembrane, thelimit of detection 1.01
x 10-8M wasobtained from theintersection of two seg-
mentsof thecalibration graph of themembraneresponse
at itslowest part of theresponse calibration curve.

Substancesthat can take part in formation of the
membrane and react with the probe may influencethe
measurements. In order to cluetheinfluence of other
cations, we used the calibration curve for the mem-
braneinthepresenceof 0.01 M of some potentid in-
terfering ions such asAl(111), Cu(ll), Pb(ll), Cd(ll),
Ni(ll), Mg(I1), Ag(l), Na" and K* then plotted each
deviation(Error %). Theresultsaresummarizedin Fig-
ure 10. ThisFigureclearly showsthat the optode does
not haveasignificant sel ectivity towardsother ions, but
had shown ahighly selectiveresponseto the Hg? ion.

Deter mination of Hg?* concentrationsin aqueous
samples

The best-fitted curve, which hasthewidest work-
ing dynamicrange (from4.07 x 108t03.47 x 10' M
at pH 5.0 with alower detection limit of 1.01 x 10#

Hnalytical CHEMISTRY o

M. see TABLE 1 No. 5and Figure6), can serveasa
cdibration curvefor thedetermination of Hg?" inague-
oussolution.

Totest the practical application of the presented
sensor, applications for direct determination of
mercury(Il) in cyanidic garbage,resinic black mud and
water samplesfromTap, Fountain and Khorramabad
River (west of Iran) were carried out. The collected
sampleswerefirgt acidified with HNO,, filtered through
apacked filter to removeoilsand other organicimpuri-
ties, and then prepared according to literatures. Under
the optimal conditionsfor the proposed optode, the
obtained data were collected. The real samples
wereanayzed by following the standard addition cali-
bration method. Asshownin TABLE 2, which summa:
rizessix repeated measurementsfor each case, there-
sultswere in good agreement with data obtained by
CV-AAS. In addition, the proposed mercury(I1)-se-
lective optode was found to work well under labora-
tory conditionswheremercuryions(1.0 x 10 M) were
accurately determined with the proposed membrane
when it wasused asan indicator devicefor thetitration
of asolution of Hg?* with standard EDTA solution.

CONCLUSIONS

Thenumbersof naturd ion-carriersfor sensing pur-
posesarenot so much. Theuseful ability of Cto selec-
tively embracemercury(Il) ionled in using asaproper
ionophorefor construction anovel optical sensor for
Hg(ll).

Theresultsreported in thiswork clearly demon-
dratetheability of Curcuminanatura ligand containing
adiketoncrampon to coordinate Hg(l1) metal ionin
aPV C-derived film. The constructed optical
sensordemonstrates a high selectivity toward
mercury(I1) ion, themost important advantage of the
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sensor, over many other potentially diversionsinthe
solution. In addition to awiderange of concentrations
measured, the sensor iseasy to usein acidic conditions
that can prevent the system frominterfering of conju-
gate bases of weak acidsin the solution. Furthermore,
the solution studies about the complexation of
mercury(I1) with C actudly revealsthat thiscomestible
compound could swept mercury infectionsfromliving
organisms.
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