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ABSTRACT

Spectroscopic studies of the interaction betweemo@lum Nitrate complex of the ligand, 3,4,5,13,54,1
hexamethyl-2,6,12,16,21,22-hexaazatricyclo [15.37 11" dicosa-1 (21),2,5,7,9,11(22),12,15,17,19-decaene
shown in [figure 1] showed a selective interactimiween complex and monohydrogen phosphate aespect to
the other anions tested. The sensor worked well witvide working concentration of 1.0xX1M — 4.0x10 M,
detection limit of 2x10 M and a Nernstian slope of -28.620.3 mV per decdte electrode had relatively short
response time, less than 15s.

INTRODUCTION

The products containing phosphate are widely usedhany areas of human activities such as fertdizand
detergents. Owing to phosphate leaching into lakekrivers, phosphate levels in the environmengliasreased in
the past 50 year§l]. The species containing phosphate in undergrounttrwaservoirs can contribute to
eutrophication and make unsafety for human consiempThe need for an analytical procedure for ttmnitoring
and routine analysis of phosphate is thus necessary

Although the potential applications in environmeriiad biomedical research have led to great inténete design
and synthesis of abiotic ionophores for phosphatek their derivatives, it still remains a challertigeachieve a
useful selectivity for very hydrophilic phosphateians over hydrophobic anions. This is due to thgcdlty in
compensating large differences in Gibbs free eesrgif transfer between phosphates and interfenmang by
selective complexatiof?]. In recent decade some PVC membrane electrodearpreith complex carriers have
been developef8-14] with Nernstian slope.

In this work, we describe [CrL](N£); [Figurel] as a novel ionophore used in PVC polymeric phatphkelective
electrodes.

EXPERIMENTAL SECTION

Reagents and Instruments

High molecular weight PVC and plasticizers suchbaazyl acetate (BA), nitrobenzene (NB), dibutyl hatlate
(DBP), acetophenone (AP), hexadecyltrimethylammonitloride (HTAC), tetrahydrofuran (THF) were puaskd
from Fluka and used as received. Metallic saltsl fa# from Merck, Aldrich), were of the highestriy and used
without any further purification except for vacudinying over RO,o. Triply distilled water was thoroughly used.
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Potentials were measured with digital potentiom&®-602 Equiptronics (accuracy, 0.001 V, IndiaheTpH
measurements were carried out on digital pH mdtab (ndia pH Conmeter, India). Auto ranging Condiitt
meter/TDS meter TCM-15 (Toshniwal Instruments MRgt. Ltd Ajmer).
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Figurel lonophore [CrL](NO3);

Electrode preparation.

Different compositions of membrane ingredientsjuding ionophore, the plasticizers DBP, BA, AP, tuditive
HTAC and PVC Tablel), were thoroughly dissolved in 10 ml THF. The #8sg solution was carefully cast in to a
glass dish of 2 cm diameter for slow evaporatiorromtim temperature to obtain membrane of about 03 m
thickness with optimum composition and behaviore irembrane was cut and pasted to the one end &t e
with the help of araldite. The electrode was thbadf with an internal solution of 1.0 x 18M MHP. The prepared
electrodes were finally conditioned by soaking ih.@x 102 M MHP solution for 24 h.

Emf measurements
All emf measurements were carried out with theof@lhg assembly:
Hg|HgCl,, KCI (satd.) [|sample solution | membrane | irtesnlution 1.0 x 18 mol L™ MHP| Ag-AgCl.

The performance of each electrode was investigayetheasuring its potential of the primary ion slo$ in the
range of 1.0x10 M to 1.0x10’ M. The solutions were stirred and potential regsimvere recorded when they
reached steady state values. The data were plastetbserved potential versus the logarithm of thiens activity.
The detection limit was determined according to ACRrecommendations.

Calculation of the activity of the phosphate spgdiesolution required values of the total phoselaincentration
[HXPO4(X‘3)]TM, the solution pH, and ionic strength. Phosphatstein the form of four species in solutionsRQ;,
H,POy, HPQ, % and PQ?. The total phosphate concentration®d; “1+., can be calculated as JPIO; ]1q; -
[ HsPOJ+ [ H,PO, T+ [ HPO, ' 1+ [ PO, *]

The fraction of each species can be determinethéyH values of the solution.The ionic strength lsarestimated
by the concentration of different species existimg solution. The activity coefficients are thexloulated by using
the extended Debye —Huckel equation.

RESULTS AND DISCUSSION

Potential Response

The selectivity behaviour of a certain ion selextsensor is greately dependent on the ionophore [45e22].
According to the structural characteristics [CrLq#; [Figurel] was used as suitable active component in the
fabrication of a number of PVC-membrane sensorsaforide variety of common inorganic anions inclugdin
chloride, bromide, iodide, nitrate, sulfite, sudfatcarbonate, perchlorate, cyanide, thiocyanatbyddogen
phosphate, tetrasodium pyrophosphate, and sodipaiytrphosphate ions, the potential responses a€thwhre
shown in[Figure 2]. As can be seen froffrigure 2], while the slopes of the linear parts of the pagémesponses

of the sensors for all other anions tested, arehnhaver than those expected by the Nernst equati@nresulting
MHP potential response shows a near-Nernstian ahav
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Figure 2 Potential response of different ion-seléige electrodes based on [CrL](NG)s.

UV-Vis study
The preferential response towards MHP is belieeelet associated with the coordination of MHP wité tentral
metal of the ion-carrier [CrL](N§);

UV-Vis spectra, of 1.0xI0mol L [CrL](NO3); in DMSO were obtained with and without the preseot1.0x10
mol L™ HPO? “as illustrated ifFigure 3], it was possible to distinguish the interactionsieen the central metal
and MHP. The substantial increase in the absorbah@44.2 nm after the contact of the carried smutvith a
monohydrate phosphate-containing phase suggesttditta absorbing species had increased in sizeasiad
coordination was thought to take place.
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Figure 3 UV-Vis spectra of 1.0x10 mol L™ [CrL](NO 3); in DMSO in the absence (A) and presence (B) of Xk00* mol L* HPO,?"
Effect of plasticizer

To compare the effect of the various plasticizersesponse characteristics of the electrodes, ldotredes based
on [CrL](NOs)s, prepared with DBP, AP, and BA were tested in HfP$blutions. Figure 4].
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Figure 4 Potential response of HP¢ ion-selective electrodes based on [CrL](N§ in PVC membrane with different plasticizers

The results in figure 4] show that the EMF responses to HP@ere strongly influenced by changes in the
plasticizer. Membrane electrodes prepared with BAwsed the widest linear range, Nernstian respondeaavery
low detection limit. On the other hand, the usé@Bfand DBP as plasticizers led only to poor respsnghe reason
for these phenomena might be that the polarity h&f plasticizer affects the response characterigifcghe
electrodes. The relatively non-polar AP and DBRiltéa a worse solvation of ionophore than BA.

Effect of membrane composition

It is well known that the sensitivity as well adexctivity and linearity of ISE are affected notyhy the nature of
ionophore but also significantly by membrane contmos and nature of solvent mediator and lipophaidditive
used[23-26, 50-55]The composition of membranes with different prajpmal ingredients the performance and
characteristics of the electrode are givefable 1. Our experience on using several plasticizersigioly BA, AP
and DBP for preparation of membrane showed thattiplaer BA perform best as it exhibits the widesirking
concentration range and near-Nersntian slope.i€liast influence both dielectric constant of menmtamobility

of ionophore enhance its interaction wiPQ,> ion. The effect of ionophore amount on the fundtignof
membrane was investigatetlembranes with different compositions were pregaemd preliminary studies
revealed that a membrane having a composition 06033:2 of PVC:BA:I:HTAC gave the best response
characteristic§Table 1, membrane 6). Table 1shows that if 2% of HTAC is present as a suitauditive, the
slope of the proposed sensor increases from {b%ednbrane 3)to -28.6 mV decade(membrane 6).

Table 1. Composition of membrane ingredients.

Composition (%)

No. | PVC | Plasticizerf HTAC| lonophore Slope No.
1 33 BA, 62 - 5 -12.9 £ 0.3
2 33 BA, 63 4 -14.2 £ 0.3
3 33 BA, 64 3 -15.3 £ 0.
4 33 BA, 62 - 6 -14.8 £ 0.
5 33 BA, 59 1 5 -24.9 + 0.3
6 33 BA, 60 2 5 -28.6 £ 0.3
7 33 BA, 58 2 7 -25.6 + 0.3
8 33 DBP,58 2 7 -26.2 £ 0.
9 33 AP,5¢ 2 7 -25.8 £ 0.
10 33 BA,65 2 - -36+0.3(

Working concentration range and slope

The measuring range of ion selective electrodesrseto the linear part of the calibration graphcdtding to
IUPAC definition, the measuring range of an ionestle electrode is defined as the activity rangawvieen the
upper and lower detection limif27-46]. The potential response of the membranes as aidanat MHP activity is
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shown in[Figure 5]. It is seen that membrane 6 shows a wide workimgentration range (1.0 x10- 4.0 x 10/
mol L) with a detection limit of 2x10mol L™ (~20 mg mL*), and a Nernstian slope of -28.6+0.3 mV gecade
of activity.
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Figure 5 Calibration curves of MHP electrode basean [CrL](NO 3); Optimization of pH.

The pH dependence of the membrane electrode prepatie membranes containing ionophore [CrL](}Owas
tested over the pH range of 1-12 in a 1.0 X MVHPO# solution. The results are shown[Figure 6] The results
show that the potentials remain constant withirHarange of approximately 3.0 to 7.0 for sensor.idt&n of the
potential at pH<3 could be related to protonatibtiBO,* in the solution and ionophore in the membrane ghas
which results in a loss of its ability HRFQo interact with the ionophore. At higher pH>7, fiential drop may be
due to interference of hydroxide ions and formatbphosphate species.
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Figure 6 Effect of pH on the potential response dCrL](NO s)s3 at 1.0 X 10° M concentration of HPO,Z ion.

Lifetime and reproducibility of the sensor

The membranes were used over a period of eight swatkout showing any significant changes in ttepsland
detection limit of the sensor. During usage, thenmenes were stored in 0.01 mof MHP solution and were
reequilibrated with 0.1 mol £ MHP solution whenever any drift in potentials wasserved(Table 2). Repeated
monitoring of potentials (20 measurements) at 11@%mol L™ concentration gave a standard deviation of 0.4 mV.
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Table 2. The lifetime behaviour of the monohydrogephosphate
Period(weeks) Slope(mV decade Detection Limit
1 -28.6 +0.2 2.0x 10
2 -28.6 +0.1 2.0x 10
3 -28.5+0.5 3.0x 10
4 -28.3+0.4 4.0 x 10
5 -28.2 0. 4.0 x1(’
6 -28.2 0. 6.5 x1(’
7 -28.1 0.2 8.0 x10
8 -27.9+0.5 9.0 x10
9 -28.8+0.4 2.0 x1P
10 -28.4 +0.3 3.0 x1D

Dynamic response time

Dynamic response time is one of the important facfor any ion-selective electrod44-49]. In this study, the
practical response time was recorded by changied/MtHP concentration in solution; over a concentratiange 1.0
x10" mol L to 1.0 x 1@ mol L™. The actual potential verstisne traces is shown ifFigure 7]. As can be seen
from [Figure 7], in the whole concentration range, the electraehes its equilibrium response in a very short
time (<15 s). This is most probably, due to the éashange kinetics of complexation-decomplexatbMHP ion
with the [CrL](NG;)s, at the test solution-membrane interface.

201 40°molL”
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Figure 7 Dynamic response time of the potentiometr sensor for different concentration of monohydrogn phosphate.

Table 3 Characteristics of optimized MHP-ISE

Linear range /M 1.0 x 10-1 M - 4.0x 10-7
Slope / mVdecade" -28.6+0.3 mV decadé
pH range 3.0-7.0
Detection limit/M 2x 10-7 mol [

Life time/month >2
Response time/s <15s

Selectivity of the Electrodes

The most important characteristic of an ISE issiectivity against the interested analyte ion ostiier ions in
solution. The selectivity coefficients of an ISEhdae measured by several experimental methodsasute fixed
interference (FIM) and the separate solution (S$MYhods. Both of these methods are recommendeubrier
having the same charge as the primary [8] because coefficients calculated by these methoesether
deceptively large or small depending on whetheridheof higher charge is considered as the prinsaripterfering
species. In this study, potentiometric selecticiefficients of the proposed sensor was determiyeithe modified
fixed interference (FIM]J19].

In the FIM, the selectivity coefficients are comrhyoecalculated using Nicolsky —Eisenman equation
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KP o = aA/ (aB Fa'%

where aA is the activity of the primary ion and @8 activity of the interfering ion andy&and % are the charges of
the primary and the interfering ion, respectivéiypwever, this equation is valid only if the chargesthe primary
ions aA and interfering ions aB are the same. Sthig paper, the selectivity coefficients are ckited by the
modified

Nicolsky —Eisenman equation proposedSay’ez de Viteri et al. [20].
KP' g = aA/aB

In this method, the concentration of the interfgrion was kept at 1.0xTOM. The resuting values obtained are
listed inTable 4

It can be noticed that the electrodes are highligcsige for HPQ? over CI, Br~, Ac, NO; , NO,” and SQ* .
The selectivity pattern for the electrodes is mmsistent with the Hofmerister series. In additionmost practical
applications, interference by Clseems to be the most important factor. From theesponding selectivity
coefficient, it can be seen that both of our etmtdis response better to monohydrogenphosphatéatha3i™.

Table 4. Selectivity coefficients (log R mue & )
for the HPO,”ion-selective electrodt
Interfering anion Fixed Interference Method

L

CI- -1.25
NO 5 -1.5
Ac” -1.96
SO.* -1.71

Br~ -1.34

I~ -0.44
NO, -1.5
CO;* -0.12
SCN 0.2
ClOg4" 0.24

Analytical application

The membrane sensor was successfully used in teatimmetric titration of MHP with B solutions. A 25.0 mL
(1.0 x 10* mol L") solution of MHP was titrated with 1.0 x #@nol L™ solution of B&" [Figure 8]. As it is obvious
from [Figure 8], the sharp break point corresponds to the staichioy of the MHP- B3 precipitate (BaHPg).

The equivalent volume is 250..
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Figure 8
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