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ABSTRACT

Ti(IV) iodovanadate has been synthesized by mixing a mixture of agqueous
solutions of 0.1 M sodium vanadate and 0.1 M potassiumiodatewith 0.1 M
solution of Ti(IV) chloride at pH 1.0. Distribution coefficients (K ) of vari-
ousmetal ionswere determined on the column of Ti(1V) iodovanadate which
showed the selectivity of Pb(ll) ions by this cation exchange material. So
Ti(IV) iodovanadate has been used as an €l ectoactive material for the con-
struction of Pb(I1) selective electrode. The main purpose of this study isto
develop aninexpensive, smpleand reliableion-sel ective el ectrode for Pb(l1)
determination. The sensor exhibit Nernstian response for Pb(I1) ionsover a
wide concentration range of 1x107 M to 1x10* M withasope of 30+0.4 mV
per decade of activity. The electrode is suitable for use in agueous solution
in a pH range of 2-7.2 with a response time of 10 second. The membrane
electrode can be used at least for 4 months without any divergence in
potential. The selectivity coefficients were determined by the mixed solu-
tion method and reveal ed that the el ectrode was selective for Pb(l1) ionsin
the presence of interfering cations. The sensor could be used as an indica-
tor electrode in the potentiometric titration of Pb(I1) ionswith EDTA. The
practical applicability of the proposed sensor has been reported for Pb(l1)
determination in a standard rock sample and water sample. The results are
found to be in good agreement with those obtained by using conventional
methods. © 2008 Trade Sciencelnc. - INDIA
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1.INTRODUCTION

Over recent years, theneed of controlling thelevel
of environmental pollutantsin natural waterways, por-
tablewater and soilshas generated increasing interest
inthedevel opment of novel sensorsfor the detection of
heavy metals. Amongtheheavy metds, leadisthemost
commonly encountered toxic pollutant in theenviron-
ment asaresult of itsusein batteries, gasoline, sol der,
pipes and paints. It is a serious poison and tends to
accumulatein the bone structurewheningestedinlev-
elsexceeding thenatural €imination rateof about 300

ug Pb/day'™. Lead can damageto the nervous system
and thekidneys. To monitor thistype of metasinlarge
number of environment samples, potentiometric detec-
tors based on ion-sel ective el ectrodes are suited be-
causethey offer advantages such ashigh selectivity, sen-
gtivity, fast response, good precision, sSmplicity and low
cost’2¥, These methods make possibledirect monitor-
ing of activities of sel ected specieswithout pretreat-
ment. Theuseof ion-selective dectrodes (1SEs) for the
detection and determination of lead hasreceived much
interest and many ligandshavebeeninvestigated assens-
ing agentsin e ectrodes. Dicyclohexano-18-crown-
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6, dibenzo-18-crown-6, benzo-18-crown-6, 15-
crown-5 and their alkoxy, alkyl and methyl ester de-
rivatives have also been successfully used as
€l ectroactive materia sto devel op sel ective sensorsfor
Po(I1) iong>19, Piroxicam, tetrabenzyl pyrophosphate,
pyridinecarboximide derivatives, porphyrins,
calixarenes, etc., have a so been used aselectroactive
materidsin Pb(ll) selectivedectrodes-22 which show
narrow working concentration range, highresponsetime
and suffer interference from somemeta ions. A litera-
turesurvey reveded that alimited number of membrane
sensorsusing inorganic ion exchangers have been de-
vel oped and most of these suffer from poor selectiv-
ity In the present study, we have used Ti(IV)
iodovanadateinorganic cation exchanger asasensing
materia for theconstruction of Pb(Il) ion-selectivedec-
trode. The present sensor offersthe advantagesof ther-
ma stability, smplicity, senstivity, low cogt, reliahility,
fast responseand longlife. In addition, the proposed
sensor has been used for the determination of Ph(ll) in
astandard rock sampleand water sample.

2.EXPERIMENTAL

2.1. Reagents

Titanium chloride (99%, Riedael-de Haen, Ger-
many), potassiumiodate (Otto Chemie, Bombay, In-
dia), sodium vanadate (Otto Chemie, Bombay, India).
All other chemica sand reagents used were of ana yti-
cal reagent grade.

2.2. Instrumentation

A singleelectrode pH meter (Toshniwal, India), a
UV-Vis spectrophotometer (Elico El 301E, India), a
water bath incubator shaker and adigital potentiom-
eter (EquiptronicsEQ 609, India) withslver-glver chlo-
rideelectrode asreference el ectrode were used.

2.3. Synthesisof Ti(1V) iodovanadate

Ti(IV) iodovanadate was synthesi zed by mixing a
mixture of agueous solutionsof 0.1 M sodium vana
dateand 0.1 M potassiumiodatewith 0.1 M solution
of Ti(IV) chlorideat pH 1.0. The gel atinous precipi-
tates, soformed weredlowed to stand for 24 hrsinthe
mother liquor. Thesupernatant liquid wasremoved and
the preci pitateswerewashed with deminerdized water
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severa timesto removeexcessreagents. The products
weredried at 40+2°C inan oven. Thedried products
werethenkept indeminerdized water for cracking and
to obtain the particleof thesizerange~125 um. These
were convertedto H* form by placingthemin1.0M
HNO, solution and washed with demineralized water
toremoveexcessacid and finally dried at 40+2°C.

2.4. Sor ption studies

Inorder to get anideaof partition behavior of the
exchanger towardsthe separation of metal ionsof ana
lytical interest, distribution coefficients (K ) werede-
termined in deminaraized water, di-methyl formamide
andformamidemediums(TABLE 1).A, 0.4 gexchanger
in H* formwastreated with 40 ml solutionof meta ions
inrequired solvent mediuminalOOml Erlenmeyer flask.
Themixturewas shakenfor 6 hrsat 25+2°Cinatem-
perature controlled incubator shaker. The amount of
metd ionsbefore and after adsorption was determined
by titration against astandard solution of 0.01 M di-
sodiumsdtof EDTA. TheK  valuesmay beexpressed
asfollows-

_ milli equivalent of metal ions/ gm of ion - exchanger
milli equivalent of metal ions/ mL of solution

I-F V
X—ml gt 1
M g @

d

Kd=

where | isthe initial amount of the metal ion in the solution
phase, Fisfinal amount of metal ionin the solution phase after
treatment with the exchanger, V is the volume of the solution

(ml) and M, the amount of ion exchanger taken (g).
2.5.Membranepreparation

The membranes were prepared as suggested by
Coetzee and Benson?¥. The electroactive materia
Ti(IV) iodovanadate cation exchanger was grinded to
fine powder and different amounts of thiswas mixed
thoroughly with afixed amount of PV C and dissolved
in 10 ml of tetrahydrofuran (THF). Themixtureswere
vigoroudly shaken and when the solution got viscous, it
waspoured inadust free Pyrex glasscirclesand solu-
tionswereallowed to evaporate at room temperature.
Themixingratio of theion exchanger wasvariedin or-
der to obtain acomposition, which gavethe best per-
formance. Inthisway three sheets of different thick-
nesswere prepared.
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2.6. Conditioningand char acterization of membrane

The physicochemica propertiesof themembrane
Vviz- water content, porosity, thicknessand swelling etc.
weredetermined as described € sewhere®2 gfter con-
ditioningthemembrane.

For conditioning, themembraneswereequilibrated
with 1M NaCl and afew ml of CH,COONato adjust
the pH intherange 5-6.5 (to maintain acid present in
thefilm).

Tofind out thewater content, the conditioned mem-
braneswerefirst dippedinwater todutediffusblesdts
and blotted with whatmann filter paper to remove sur-
face moisture and weighed the water content wascal -
culated as-

% Total weight =(W _-W )/ W x100(2)
where W is the weight of the wet membrane and W if the
weight of dry membrane.

Porosity () wasdetermined asthe volume of wa-
ter incorporated in the cavities per unit membranevol-
umefrom thewater content data:

_ Ww-Wwd

T Alpw ®)
whereA isthe area of the membrane, L isthe thickness of the
membrane and pw isthe density of water.

Membranethicknesswas measured by taking the

average thickness of the membrane by using screw
gauze and the swelling was measured asthe difference
between the average thicknesses of the membrane be-
foreand after equilibration with 1M NaCl for 24 hrs.
Composition of best performed membraneislistedin
TABLE 2 along withtheir response characteristics.

2.7. ElectrodePreparation

A transparent membrane of 5 mm. diameterswas
cut from master membrane and glued to oneend of a
Pyrex glasstube with the help of araldite. Theglass
tubewasfilledwitha0.1 M Pb(NO,), solution. Silver/
slver chloride e ectrodeswere used asinternd and ex-
ternal reference el ectrodes. All the potential measure-
mentsusingthefollowing cell weremadea 25+0.5°C.
Thewhole arrangement can be shown as-

Interna reference el ectrode (Ag/AgCl)|3.0M KCl
Internal el ectrolyte, 0.1 M Pb?|Membrane/Sampleso-
lution|3.0M KCl | Externd referencee ectrode (AgCl/

Ag)

—— Fyll Peper

The performance of theeectrodewasinvestigated
by measuring thee.m.f. of Pb(Il) ion solution over the
pH rangeof 1x10to 1x10° M. Themembraneelec-
trodewas conditioned by soakingina0.1 M Pb(NO,),
solution for 2 daysand atleast 1 hr before use. After
performing the experiment, membrane el ectrode was
removed from thetest solution and keptino.1 M Pb
(NO,),. Potential measurement of the membraneelec-
trode were plotted against the sel ected concentration
of therespectiveionsin an aqueousmedium using the
electrodeassembly. Thecdibration graphswereplotted
threetimesto check thereproducibility of the system.

3.RESULTSAND DISCUSSION

Ti(IV) iodovanadate was synthesized by mixing a
mixture of aqueous solutionsof 0.1 M sodium vana-
dateand 0.1 M potassiumiodatewith 0.1 M solution
of Ti(IV) chloride at pH 1.0. In order to explore the
potentidity of thisnew inorganic cation exchange ma-
terid inthe separation of metd ions, distribution studies
of various metal ions have been performed in
demenaralized water, di-methyl formamide and
formamidemediums(TABLE 1). Thedistribution stud-
iesof variousmeta ionsshowed thesdectivity of Po(1l)
ions by this cation exchange material. So Ti(l1V)
iodovanadate hasbeen used as an € ectroactive mate-
rial for the preparation of Pb(l1) ion-selective mem-
braneéd ectrode. Threesamplesof Ti(IV) iodovanadate
membranewere prepared using different mixing ratios
of dectroactiveTi(IV) iodovanadatewith afixed amount

TABLE 1. Digtribution coefficient (K ) of metal ionson Ti(1V)
iodovanadatein different solvent systems

Metal Deminralized Di-methyl

. . For mamide
ions water formamide

Mg* 208 240 220
cat 186 214 196
St 168 196 196
Ba 168 179 170
cr 410 520 493
Fe** 280 418 387
Co* 168 630 520
NiZ* 162 680 610
zn? 178 597 436
cd* 192 423 382
Hg** 187 287 218
Pb?* 2418 2612 2319
Al¥ 204 521 476
ce** 180 423 382
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TABLE 2: Characterization of ion-exchanger membrane

M embrane .
S. _composition Thickness W?ter content . OSweIImg as Working conc. Slope Response
no. TIV PVC  (mm) as % weight of Porosity % wt of wet range (Molar) (:|:O.4mV_/d_ecade time
’ wet membrane membrane of activity) (sec)
(mg) (mg)
S1 150 200 0.41 24 0.082 0.12 1.0x 107 t0 1.0x 10 30 10
S2 250 200 0.68 10.5 0.384 0.15 1x10%t0 1.0x 10 34 18
S3 300 200 0.84 14.7 0.412 0.20 5.6x 10°t0 1.0x 10 33 26

TIV-Ti(1V) iodovanadate

loz [PL]

Electrode potential (mV

Figurel

Time (Sec.)

w15 W 25 £

-300 4

-320 4

-340 4

Electrode potential (m

-360 —— -

Figure2

of PV C. Thesethree membraneswere characterized
to find out themembrane of good e ectrochemical per-
formancefor the purpose of preparation of anion-se-
lectivemembraneelectrode. Itisclear fromTABLE 2
that, astheamount of Ti(IV) iodovanadateincreased
thethickness, porosity, swelling and water content in-
creased. Generdly anideal membraneshould haveless
thickness, moderate swel ling and water content capac-
ity. Membrane S-1 which hasminimumamount of Ti(1V)
iodovanadate haslow order of water content, swelling
porosity, thickness and showswide working concen-
tration range and quick response. So membrane S-1
was selected for the preparation of ion selectiveelec-
trodefor detail studies.

3.1. Working concentration rangeand slope
Thedectrode prepared from membranesample S-
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1 showsresponsefor the Pb(l1) ionsin the concentra-
tion range of 1x107 M to 1x10*M with an average
dopeof 30+0.4mV (figure1). Thustheworking con-
centration rangewasfound to be 1x107 M to 1x10*
M for Pb(ll) ions. A calibration curve was made by
measuring the el ectrode responseto standard solution
prepared by serid dilution method without the addition
of extraindifferent sdts.

3.2. Responsetimeand lifetime of themembrane
electrode

Theresponsetimeof amembranesensorisanim-
portant factor. Theaveragetimerequired for the elec-
trodeto reach apotential response wasfound 10 sec-
ondasshowninfigure2. Themembraned ectrodecould
be used for at |east 4 monthswithout any measurable
divergenceinitsresponsefor Pb(Il) ions. Itisvery im-
portant that the performance of any ion-selective e ec-
trode should be checked every timebeforeusingit for
any analytica purpose. However the sensor was stored
in 0.1 M Pb(ll) solution during non-usage. Repeated
monitoring of thepotentia on the sameportion of the
sample (1x 10°M) gave astandard deviation of +1
mV and therewasno significant changeinthed ope.

3.3. Effect of pH on thetest solution

In order to determine the useful pH range over
which the el ectrode can be used without any pH inter-
ference, the potentia of the e ectrodewas determined
over apH rangeof 1.0-8.0 (Figure 3). pH was adjusted
by drop wiseaddition of a0.1 M solution of HNO, or
NaOH and thee.m.f. of the & ectrodewas measured at
each pH vaue. Itisclear fromthefigurethat the poten-
tial remained constant inthe pH range 2-7.2 which can
betaken astheworking pH range of the proposed sen-
sor. Sharp changein potentia valuesabovepH 7.2 and
below pH 2.0 may be due to the hydrolysis of Pb**
ionsand H* ionsinterference, respectivel ytv.

Au Tudian Yournal
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3.4. Selectivity coefficients

One of theimportant characteristics of any ion-se-
lective dectrodeisitsrelative responseto the primary
ionsover other ions present in thesolution, whichis

termed asselectivity coefficient k5% . Thesewerede-

termined by the mixed sol ution method as discussed
elsewherd?, A beaker of constant volumecontained a
mixed solution having afixed concentration of interfer-
ingion (M™) (1x10* M) and varying concentrations
(1x10? to 1x10*°M) of the primary ion. Now, the
potential measurementswere made by usingthemem-
brane el ectrode assembly and the resultsare summa:
rized in TABLE 3. It isshown from thefigure 4 that
Mg?, Ca¢*, Sr*, Ba?*, Hg?* and Cd?* ionsdo not in-
terferewith the determination of Pb?* ionsand thein-
terferencedueto Cr¥*, Al**, Fe** and Zn?* isnegligible.
Ce*, Co* and Ni?* register dight interference. Thus
theresultsindicating that theseinterfering cationswould
not significantly disturb thefunctioning of Pb?* ion-se-
lective dectrodeand el ectrodeis se ectivein the pres-
enceof thesecations.

A comparison of the present Pb?*-I SEswith those
dready reportedintheliteratureisgivenin TABLE 4.
FromTABLE 4, it isclear that the performance of the
proposed Pb(11) ion-selective membrane electrodeis
comparable and better in many respects, such asthe

2+ -6 . . . .
Hg 1x 107 slope, responsetime, linear concentration range, life
cr 1>10 time, pH rangeand sdlectivi
= 1x10° » prRrang .
Ni22+ 1x 10': 4. Analytical applications
Co* 1x 10 . .
712 1x10° 4.1. Determination of Pb(I1) inrock sample
3+ -5 . .. .
g§2+ i X 184 In order to test the analytical validity of this ap-
AP 1z 10 proach, the el ectrode has been used for the determina
TABLE 4: Comparison of figure of merit of the present work with other studies
Working Slope .
S concentration (mV/decade pH Rgsponse petgchon Interference Reference
no. Y range time(s) Limit (M)
range (M) of activity)
= 5 s Zn”, Cat, Cd®, Ni*f, K*, Ag',
1 5x10°to 1x10 28.3 NR 10 2.8x10 Mn2+, T|+, Li+, NH4+, Srz+ 15
2 4x10°to1x10%2 26-331 457 10  0.4-3.7 ug/lL Ag', Cd**, Ca*, Hg** 16
3 1x10°to 1x10™ 30 4-8 45 >4x10°  Ag', Cu®* 20
4 2x10°to 1x107 29.3 3563 45 >1.2x10° NR 21
5 1x10°to 1x10™ 30 39 60 >1x10° K*, Hg* 28
6 1x10°to 1x10™ 28 36 300 >1x10°  K* 29
7  1x10°to8x10° 29 36 40 >8x107  Hg* 30
8 1x107to 1x10* 31 2-6.0 25 1x107  Cd*, AI* Proposed sensor
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Figure5

TABLE5: Determination of Pb(l1) in real samplesusngAAS,
spectrophotometer and proposed sensor

. Spectro-  Proposed

Sample Ade lﬁted( A£§_4) photometer  sensor
i~ (ugx10") (ugx10*)
Rock sample 5.0 3+0.02 24+0.05 2.6+0.04
Water sample 5.0 6+0.03 6.3+0.07 5.7+0.06

tion of leadinastandard rock sample(Micashist (SDC-
1), United states geol ogical rock sample) and water
sample. Two other techniquesnamely AAS, Uv-Vis
gpectrophotometer wereal so used for thispurpose. The
results obtained are presented in TABLE 5 and com-
pared with those obtained by usingAAS and Uv-Vis
spectrophotometer. Thesensor isfound to bein satis-
factory agreement with that obtai ned from atomic ab-
sorption spectrometer (AAS) and Uv-Vis spectropho-
tometer. These observationsand results have been con-
firmed that present electrode can beused for practica
andyss.

4.2. Potentiometrictitration

Theandyticd utility of thismembranedectrodehas
been established by usngit asanindicator eectrodein
the potentiometric titration of Pb?* ionswithan EDTA
solution asatitrant (figure5). A 10 ml of 1x103solu-
tion of Pb?* wastitrated against 0.01 M EDTA solution
at working pH of thiselectrode (5.0). The addition of
EDTA causesadecreasein potential asaresult of the
decreasein free Pb?* ion concentration dueto thefor-
mation of Pb?*- EDTA complex which givetheideaof
end point and therefore the proposed sensor can be
used asan indicator electrodefor the potentiometric
determination of Pb?* ions.

CONCLUSION

Inthe present work, Ti(1V) iodovanadate hasbeen
used asan el ectroactive materid for the preparation of
Po(Il)-sdlectivedectrode. Themembrane e ectrodehas
good operating characteristics such assensitivity, sta-
bility and response time etc. The electrode could be
used for P(I1) determination in the concentration range
of 1x107 M to 1107 M at thefunctional pH range of
2-7.2. The sensor shows either comparable or better
performanceto theexisting e ectrode already reported
by many researchersfor Pb(ll) determination regard-
ing response characteristics (TABLE 4). Theéelectrode
could successfully beempl oyed asindicator electrode
inthepotentiometrictitration of Pb(ll)against EDTA as
well asto determine Pb(I1) ionsquantitatively inastan-
dard rock sample.
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