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ABSTRACT

A PVC membrane electrode for lead ion based on 1,3-

diphenyl-5-p-nitro phenyl formazan As an lonophore
was prepared. The electrode exhibits a Nernstion
response (29.524mv/decade) for lead ion over a
relatively wide concentration rang (1.0%1[}'5 tol.[}xlO'l}
with a limit detection 5.37x107M. It has a relatively fast
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: i < :
b i Sthctive thocrad. response time (<10 s). The proposed membrane

formazan dye electrode revealed very good selectivity in the PH= 4-8.
The influence of membrane composition enthe
electrode response was studied. The proposed electrode
was used for the determination of lead ion in

wastewater, water and wastewater of manufactory.

INTRODUCTION
lon-selective sensors have been used for

cavities and cleft in the ionophore that are

complementary to the size and charge of a

analytical determination of a wide variety of particular ion can lead to very selective

ions since the 1970s. lon-selective sensor's interactions. One of the most important

utility and simplicity have replaced other wet
analytical methods that were often far slower
and more cumbersome to perform. lonophore
plays a key role in the sensitivity of an ion-

selective electrode (ISE). The creation of
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figures of merit for ISEs is the selectivity
towards a specific analyte, which is generally
limited by the interaction of ionophore within
the membrane with other ions in solution.
Recently, there has been much focus on the
construction of anion-selective electrodes
that function on the basis of chemical
recognition principle [1]. The demand for
ionophores with either new or improved

selectivities in the field of ion selective
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electrodes (ISEs) is high particularly in the

area of anion-selective electrodes.

The ion-selective electrode (ISE) dynamic
response is generated by the selective
complexation of the target ion by the ion
carrier that is dispersed in a poly(vinyl
chloride) (PVC) matrix. The ISEs that are based
on polymeric membranes incorporated with
ionophores are well known to be very useful
tools for clinical, chemical and environmental
analysis. Until now, large numbers of
ionophores with high selectivity for specific
metal ions have been developed as
potentiometric sensors for the determination
of the respective metal ions. The ISEs for
determining the lead ion have received much
interest, and many ligands have been studied
for their use as sensing ionophores[2-5].
Piroxicam, quinaldic acid, capric acid, diaza-
crown, dibenzyl phosphate, benzyl sulfide,
acyclic diamide, anthraquinone, calix-azo,
calixphosphine  oxides, thiacrown 5,5'-
dithiobis-2-nitrobenzoic acid, crown-ethers,
polyaminoanthraquinone 1,2- bis(salicylidin
aminooxy)ethane, and porphyrins as
ionophores have been used for lead-I1SEs[6-
15]. The presence of toxic heavy metal ions in
industrial wastewater has generated
considerable concern in recent years. Heavy
metal contamination exists in aqueous waste
streams of many industries, such as metal
plating facilities, mining operations and
tanneries. The soils surrounding many military
bases are also contaminated and pose a risk of
metal ground water and surface water
contamination. Among the toxic heavy metal
ions which present potential danger to human
health are copper, lead, cadmium, chromium
and mercury. these heavy metals are not
biodegradable and tend to accumulate in
living organisms, causing various diseases and
disorders [16-22]. The feature of Schiff bases
allow geometric and cavity control of the
host-guest complexation and modulation of
its lipophilicity, and this produces remarkable
selectivity, sensitivity and stability for a
specific ion. The resulting Schiff base

complexes have attracted increasing attention

in the field of ionic binding due to their unigue
properties and reactivity. In order to improve
the selectivity for the lead ion compared with
the other ions, we used a new ionophore.
Therefore in the present study, we describe
the preparation and characterization of new
ISEs that are based on as a new ionophore.
The coordinating effect for the selective
response of the lead ion was investigated by
using PVC membranes. Polymeric ISEs provide
one of the most powerful sensing methods
because it is possible to select various sensory
elements according to the shape and size of
the target ion. The ISE based on 1,3-diphenyl-
5-p-nitro  phenyl formazan exhibits good
sensitivity and selectivity towards the lead
ion.[23-26]

MATERIALS & METHODS

The 1,3-diphenyl-5-p-nitro phenyl formazan
As an lonophorethat was tested as a lead(ll)
ionophore is shown in (Fig.1). High molecular
weight PVC, Dioctylesebacate (DOS), Dibutyle
phthalate (DBP), and Tetrahydrofuran (THF),
Sodium tetraphenyl borate(NaTPB) were all
obtained from Merck, and these substances
were used to prepare the PVC membranes.
The nitrate salts of the cations we used (all
from Merck) were of the highest purity
available. Doubly distilled water in a quartz
apparatus was used to prepare all the
aqueous electrolyte solutions. The typical
composition of the PVC-based lead (ll)-
selective electrodes was 35.4% PVC, 57.0%
plasticizer, 7% ionophore and 0.6% additive.
The ionophore, plasticizer, additive and PVC
were dissolved in the appropriate volume of
THF and this was mechanically stirred. All the
membrane cocktails were cast in glass rings
placed on glass plates for creating the
conventional ion-selective electrodes. The
solvent from the PVC membrane was allowed
to evaporate for at least 24 hours at room
temperature. The thickness of the resulting
membrane, as measured by a micrometer,
was about 0.3mm. The tube was then filled
with internal filling solution
{(1x107°M)Pb(NO3)2. The electrode was finally
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conditioned for 24 h by soaking in a 1x1072M
solution of lead (ll) nitrate. A silver/silver
chloride electrode was used as an internal
reference electrode. The ratio of wvarious
ingredients, concentration of equilibrating
solutions, and time of conditioning were
optimized in order we have reproducible
membranes and the potentials with relatively
little noise. The composition of the membrane
electrode is summarized in Tablel. All emf

requirements were carried out with the

Ag/AgCl| 3MKCI| samplesolution |
electrodemembrane| 1.0x10-3MPb (NO3)2|
3MKCI| Ag/AgCl

H—HN
L
N——H

following cell assembly

Figure 1. structure of ionophore 1,3-diphenyl-
5-p-nitro phenyl formazan : R=NO;

Table 1 Optimization of membrane ingredients of Pb2+-selective electrode

No Composition % Concentration Skope
additive | Plasticizer | PVC lonophore range M

1 7 36.6 56.4 DOP | -- 16.7 1x10>-10"

2 |3 38.0 58.0 DOP | 1 NaTPB 35.379 3x10*-10"

3 |a 31.0 64.0 DOP | 1 NaTPB 21.92 3x10*-10"

a |7 27.0 65.0 DOP | 1 NaTPB 20.133 1x10™"-10"

5 |7 30.0 61.4 DOP | 1.6 NaTPB 36.195 3x10° -10"

6 7 30 62 DOP 1 NaTPB 35.081 9x10” — 10

7 7 35.4 57.0 DOP | 0.6 NaTPB 28.6 1x10%-10"

8 |7 34.0 57.0DOP | 2 NaTPB 21.409 9x10° - 10"

9 |7 36.0 56.0 DOP | 1 NaTPB 14.155 3x10”-10"

10 |7 36.0 55.4DOP | 1.6 NaTPB 21.02 9x10°-10"

11 |7 35.4 57.0 DOP | 0.6 PbSO4 o s

12 |7 35.4 57.0 DOP | 0.6 PbS - -

13 |7 35.4 57.0 DOP | 0.6 Pbi2 - -

14 |7 35.4 57.0 DOP | 0.6 PbCI2 - -

15 |7 35.4 57.0DBP | 0.6 NaTPB 29.524 1x10°-10"
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Table2 Selectivity coefficients ( -Log KE;“V -« ) for the various different lead ion selective electrodes,

No.15 in Table 1
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Cu2+ 1.9 4.5 4.3 3.3 3.1 1.23 16
Ba2+ 2.2 X x 2.6 3.0 2.44 1.88
Cd2+ 2.3 3.2 5.3 3.4 3.5 = 1.5
Zn2+ 2.9 5.2 4.5 3.7 3.8 - 3.69
Ca2+ 4 2.3 23 4 4.0 2.51 3.79
Mg2+ 2.4 x x 4.6 kS - 24
Na+ 14 3.5 0.8 3.2 3.0 2.14 2.4
K+ 2.2 2.8 25 3.1 3.0 2.36 1.69
Ni2+ x X x % x - 2.6
Co+2 x X x % x = 1.79
Reference [11] [13] [14] [16] [21] [22] -
RESULTS AND DISCUSSIONS stay constant from pH 4 to 8, beyond which the

Formazans dyes as ligands seem to have
potential to serve as ionophores for soft heavy
metal ions in the PVC membrane electrodes
because of their excellent metal-binding
properties, their water insoluble and their rapid
exchange kinetics. 1,3-diphenyl-5-p-nitro phenyl
formazan As an lonophorewas used as an
ionophore for preparing the PVC membrane ion-
selective electrodes for a wide variety of metal
ions. Table 1 shows the compositions of the
ionophore, the plasticizer, the additive and the
PVC. Figure 4 shows the pH dependence for the
potentiometric response of the novel membrane
electrode in a variety of pH solutions. It is clear

from Fig. 4 That the potentials were found to

potential changes considerably. The sharp
change in potentials at higher pH values may be
due to the hydrolysis of the Pb*" ions to form
lead hydroxide while at lower pH values, there is
an increase in potential of the electrode which
indicates that the sensor responds to hydrogen
ions. The Pb*"-ISE membrane compositions were
optimized to obtain the best sensitivity and
selectivity towards the lead ion because the
sensitivity and selectivity of the ion-selective
electrodes were dependent upon the nature of
ionophore used, as well as being significantly
dependent on the membrane compaosition and
the additives that were used. The optimization

was carried out by varying the ratio of the PVC
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membrane components such as the PVC, the
plasticizer, the ionophore and the additive

(NaTPB).

Table 3 Comparison of the Pb™ selective electrodes with reported electrodes

30 1x10°- 1x10* | 2x10* 10< 5

29.4 5x10°- 1x10™" | 2x10° 10< 17

30.3%0.6 | 2x10° —1x10" | 1x10° 10< 18

29.1,28.9 | 5x10°- 1x10™ | 3x10° 10< 19

29.79 1x10°- 1x10" | 2.04x10° | 10< 16

-6 -

30801 | 2010 | 55010 | 10< 20
28.7 | 1x10° -1x10* 5xx10°| <10| 3-6|23
25.79 | 1x10°-1x10" 4x107 <10 | 5-7.2 | 24

]zrs.amu. 1x10° - 1x10" | 7.6x107 | 10< 25

30 1x10° -1x10" | 1x10° 15+2 ;'g' 26
29.524 | 1x10°-1x10"| 5.37x107 <10 | 4-8

The

potentiometric  response  of

the

nature of plasticizers, the ionophores and the

membranes was evaluated as to the slope and

the detection limit towards the lead ion. The
effects of the membrane composition, the

lipophilic additive on the potentiometric

response of the Pb**-ISE were investigated and

the results are summarized in Table 1. A
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membrane prepared displays a good
Nernstian response to Pb* over a wide range.
The slope of the calibration curve was
29.524mV/decade of the Pb®" concentration at
room temperature, and the limit of detection
(LOD) of the log a (M) was equal to -6.27. The
effect of the plasticizer on the Pb*-ISE
membrane electrodes hased on the 1,3-
diphenyl-5-p-nitro phenyl formazan As an
lonophore is shown in Figure 5. The response
time of the membrane electrode thus
obtained was < 10 s for the addition of 1.0 x
10~ M Pb*" to the 1.0 x 10° M lead ion (Fig.6).
The potentiometric selectivity coefficients
measure the response of the electrode for the
primary ion in the presence of foreign ions
Table 2.That shows potentiometric selectivity

for interferingcations relative to Pb™, which
indicate that the ISE is selective towards lead
over the transition metal, alkali and alkaline
earth metals, and other heavy metal ions. The
optimized formulation of the sensor no. 15
was compared in terms of analytical
performance with membranes employing
different neutral ionophores that had been
studied previously. Table 3 represents the
main analytical features of some Lead(ll)
ionselective electrodes. The sensor is superior
to existing sensors in terms of selectivity over
anumber of cations while comparable with
regard to other parameters such as working
concentration range, slope, pH range,
response time and reproducibility. Further,
this sensor could be used in real sample

coefficient data of Ph(ll)-selective electrode analysis.
1.10°M no
r."l—v-b—c—/ h
/‘ E [}
— (1M /
—|—0 0 — 00
D001 e
150
12 10 & [ 4 2 o - 4 m
1 400 300 200 100 0
thme , sec

Figure 4. Effect of PH on the potential
response the Pb™ ion- selective electrode at
different concentrations: 1x 10*M , 1x10” M,
1x10°M
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Figure 5. electrode The lead-ion responses of
the membranes prepared by using different
plasticizers

Figure 6. Dynamic response time of the
membrane electrode based . 1,3-diphenyl-5-p-
nitro phenyl formazan for step change in
concentration of Pb+2 : 1x10-5M ,1x10-4M,
1x 10-3M .
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CONCLUSIONS

The membrane electrode incorporating 1,3-
diphenyl-5-p-nitro phenyl formazan as an ion
carrier can be used for the development of a
lead ion-selective electrode. The membrane
has a linear dynamic range between 1.0 x 107"
M - 1.0 x 10° M with a Nernstian slope of
29.524 mV per decade, and its detection limit
was 5.37x 10-7 M. The potentiometric
response is independent of PH range of 4-8.
Most of the metal ions would not seriously
affect the selectivity of the lead electrode. It
can be concluded that the membrane
electrode has a rapid

ACKNOWLEDGMENTS

The authors acknowledge the help of Tishreen
University and college of sciences for the
financial and technical support potential
response and excellent selectivity towards the
lead ion over the other interfering metal ions.

REFERENCES

1. Bakker, E., Malinowaska, R.D. Schiller,
M.E. Meyerhoff, E. A PVC membrane
lead () ion-selective electrode has
been constructed using 1, 10-dibenzyl-
1, 10-diaza-18-crown-6 (DBzDA18C6)
as membrane carrier. Talanta 41
(1994) 881.

2. Abbaspour, A., Khajeh, B. Anion-
selective membrane electrodes based
on metalloporphyrins: The influence
of lipophilic anionic and cationic sites
on potentiometric selectivity. Anal.
Sci. 2002, 18, 987.

3. Gupta.V. K,Mangla, R., Agarwal, S. Pb
() selective potentiometric sensor
based on 4-tert-butylcalix [4] arene in
PVC matrix Electroanalysis 2002,
14,1127.

4.

10.

11.

12.

13.

Rouhollahi, A, Ganjali, M. R,
Shamsipur, M. Lead ion selective PVC
membrane electrode based on 5, 5-
dithiobis-(2-nitrobenzoic acid) .Talanta
1998, 46,1341.

Zareh, M. M., Ghoneim, A. K., Abd El-
Aziz,. M. H.Effect of presence of 18-
crown-6 on the response of 1-
dicarbodithioate-based
lead selective electrode .Talanta
2001,54, 1049.

Lu, J; Chen, R., He, X. A lead ion-
selective electrode based on a

pyrrolidine

calixarene carboxyphenyl azo
derivative.Talanta 2002, 528, 33.
Tavakkoli, N., Khojasteh, 7., Sharghi,
H., Shamsipur. M. Lead ion-selective
membrane electrodes based on some
synthesized 9,10-
anthraquinone derivatives .Anal.Chim.
Acta 1998, 360, 203.

Abbaspour, A, Tavakol, F. Llead-
selective electrode by using benzyl

recently

disulphide as ionophoreAnal. Chim.
Acta 1999, 378, 145.

Mousavi,.M. F., Sahari, S.;, Alizadeh,
N., Shamsipur, M. Lead ion-selective
membrane electrode based on 1, 10-
dibenzyl-1, 10-diaza-18-crown-6
Anal..Chim. Acta 2000, 414, 189.
Casado, M., Daunert, S., Valiente, M.
Lead-Selective Electrode Based on a
Quinaldic Acid
Electroanalysis 2001, 13,54.
Sadeghi, S., Dashti, G. R., Shamsipur,
M. Lead-selective poly(vinyl cholride)

Derivative.

membrane electrode based on
piroxicam as a neutral carrier .Sensors
and ActuatorsB 2002, 81, 223.

Mousavi, M. F., Barzegar, M. B.,Sahari,
S. A PVC-based capric acid membrane
potentiometric sensor for lead(ll) ions.
Sensors and ActuatorsB 2001, 73, 199.
Xu, D., Kastu, T.

electrode based on

Lead-selective

membrane

33



14.

15.

16.

17.

18.

19.

20.

21.

The Pharma Research (2014)10(2) 1-14

dibenzyl phosphate . Anal. Chim. Acta
1999, 401, 111.

Cadogan, F., Kane, P., McKervey, M.
A Diamond, D.
Electrodes

Lead-Selective
Based on Calixarene
Phosphine Oxide Derivatives
Anal.Chem. 1999, 71, 5544.

Bulut, Y., Baysal, Z, J. Removal of Pb(ll)
from  wastewater using wheat
bran.Environ.Manage, 78, 2006,107.

leong, D. C.T, Jeong, H. K. Lee, 5. Jeon,

Lead(ll)-selective Polymeric Electrode
Using a Schiff Base Complex of N,N'-
Bis-thiophene-2-ylmethylene-ethane-
1,2-diamine as an lon Carrier. Bull.
Korean Chem. Soc. , Vol. 26, No. 8
1219 (2005).

Ardakany, A. A. Ensafi, H. Naeimi, A.
Shamlli.A.A.  Highly
lead(ll)
electrode based on a new Schiff base
.Sens. Actuators B, 96, 441(2003).
Ardakany, A. A. Ensafi, H. Naeimi, A.
Dastanour, A. ShamlliA.A Russ. J.
Coated, Wire-Based, New Schiff Base
Potentiometric Sensor for Lead(ll) lon
.Electrochem.39, 269(2003).

Ardakany, M. K. Kashani, M. Salavati-
Niasari, A. A. Ensafi. M. M.. Lead ion-
selective electrode prepared by sol-

Dastanour, A.

selective coated-wire

gel and PVC membrane techniques.
Sens. Actuators B, 107, 438 (2005).
Gupta. A. K. Jain, P. Kumar. V. K., PVC-
based membranes of N,N'-dibenzyl-
1,4,10,13-tetraoxa-7,16-
diazacyclooctadecane as Pb(ll)-
selective sensor .Sens. Actuators B,
120, 259 (2006 ).

Kim. H. K. Lee, A Y. Choi S., Jeon.H.

Polymeric Lead(ll)-selective Electrode

22.

23.

24.

25.

26.

Based on N,N'-Bis-thiophen-2-
ylmethylene-pyridine-2,6-diamine  as
an lon Carrier, Bull. Korean Chem. Soc.
2007, Vol. 28, No. 4

Li, X- L. Ma, M-R.. Huang. X-G. Lead(ll)
ion —selective electrode based on
polyaminoanthraquinone particles
with  intrinsic
78,498-505 , 2009.
Malinnowska, Z. Brzozka, K Kasiura,
RJ.M. Egberink, D.N. Reinhoudt.E.,

lead selective electrodes based on

conductivity, Talanta

thioamide functionalized calyx [4]
arenes as ionophores. Analytical
Chimica Acta 298, 253-258. 1994.

Ghaedi. M. Montazerozohori, Z

Andikasy, A Shokrollahi, S.
Khodadoust, M. R. Behfa, S. Sharifi.M.
Fabrication of Pb™? ion selective
electrode based on 1-(3-(2-

Hydroxynaphthalen-1-
yl)Methyleneaamino)-2,2-Dimethyl
propylimino) Methyl) Nabhthalen-2-ol
as new neutral, Electrochemical
Science. IntJ. Electrochem. Sci., 6
4129-4140. 2011.

Homafar. F. Maleki, Z.Abbasi.A. Lead
(I)-Selective  Polymeric  Electrode
Using PVC Membrane Based on a
Schiff  Base

Bis(Salicylidin Aminooxy) Ethane As an

Complex of 1,2-
lonophore Energy  and
Environmental Engineering 1(3): 99-
104, 2013.

Kumar.A, Kumar.S K.b,S.
Mittal..A,.N,N"-N"-tris(2-
pyridyloxymethyl) ethane as

ionophore in potentiometric sensor
for Pb(ll) ions J. Chem. Sci. Vol. 126,
No. 1, lanuary 2014, pp. 33-40.

34



