POTENTIOMETRIC RESPONSE OF POLYMERIC LIQUID MEMBRANES BASED ON QUATERNARY
AMMONIUM SALTS FOR NITRATE ION DETERMINATION

MARIA DE LOS ANGELES ARADA PEREZ' , MEHRDAD YAZDANI-PEDRAM®"

AUniversidad de Oriente, Facultad de CNT, Departamento de Quimica, Patricio Lumumba S/N, Santiago de Cuba, 90500, Cuba.
B Departamento de Quimica Organica y Fisicoquimica, Facultad de Ciencias Quimicas y Farmacéuticas y Centro para la
Investigacion Interdisciplinaria Avanzada en Ciencias de los Materiales (CIMAT), Universidad de Chile, Santiago, Chile.
: e-mail:mayyazd @yahoo.es

ABSTRACT

Polymeric liquid membranes are prepared using (3-nitro-o-xylene (NOX), tri-butylphosphate (TBP), bis-(2-ethylhexyl) sebacate (DOS), o-
nitrophenyloctyl ether (0-NPOE), tris-2-ethylhexylphosphate (TEHP), dioctylphthalate (DOP) and dibutylphthalate (DBP) as plasticizers, and
they have been used as sensors for nitrate ion, employing tri-octylmethyl ammonium chloride (TOMACI) as ionosphere and poly(vinyl chloride)
(PVC) as matrix. The sensors showed Nemnstian slopes with values of the practical detection limit (PDL) and lower limit of linear response
(LLLR) in the concentration range of 10¢ —10mol/dm’. All the electrodes built showed a fast and stable response of 15 seconds. Wide working
pH ranges, especially in the alkaline region, were observed. The response of the sensors was determined in relation to the lipophilicity of each
plasticizer used as solvent-mediator, its dielectric constant (e ), polarity and viscosity.
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INTRODUCTION

There has been a number of investigations concerning ion selec-
tive electrodes in the last century since the first liquid ion-exchanger
membrane electrode was prepared by Ross' in 1967 using phosphate
esters as the active material. Many of these selective electrodes are
prepared from the polymeric liquid membrane with various ionophores
(neutral, charged carriers?®, organic ion exchangers, and solid mem-
brane electrodes). 3

Carbon pastes are well known as useful materials for making vari-
ous electrometric sensors for analytical purposes.® The operation
mechanism of such chemically modified carbon paste electrodes
(CMCPEs) depends on the properties of the modifier materials used to
impart selectivity towards the target species.” Electrodes.with poly-
meric matrix materials have been prepared recently, all of which pro-
duced membranes that are sensitive to a large number of ions.'™"

The electrodes prepared with quaternary ammonium salts (QAS)
are being used for the determination of nitrate'®*%and other ions,?"*
characterized by their jonic interchange mechanism at the membrane
solution interphase. :

The responsibility of the membrane components on the lifetime of
the electrodes has been studied by Arada et. al.'® They showed that the
loss of the QAS, employed as ionophore, by leaching is responsible for
loss of the response of the polymeric liquid membranes. As the iono-
phore leaching speed is related to the change of concentration with
time, when the latter decreases, the former also decreases. Besides, an
equilibrium is established with the movement of molecules of the iono-
phore that replace those that are leached, keeping the- functioning of
the membrane and, therefore extending the lifetime of the electrode.
Moreover, the selectivity loss of the sensors was found to be due to the
loss of the ionophore by exudation. '

In this study, polymeric liquid membrane electrodes were prepared
by using a QAS, tri-octylmethyl ammonium chloride (TOMACI) asym-

metric salt, as ion exchanger with various plasticizers havimg different
physical and chemical properties (dielectric constant (e ), lipophilicity
(Log P, ), polarity and viscosity).

EXPERIMENTAL

Materials and methods

The water used in this work was bidistilled deionized water with a
conductivity of less than 2 mS/cm. All the reagents used in this study
were of anatytical grade from Merck or Aldrich. Tri-octylmethyl am-
monium chloride (TOMACI) was synthesized in the laboratory of natu-
ral products of the University of Havana, Cuba. The elemental analysis
of the TOMACI salt was carried out at the University of Rome, La
Sapienza, using a Carlo-Erba Elemental Analyzer model Ea + 1110. Its
melting point was determined by using a W. Biichi melting point appa-
ratus at the department of organic chemistry of the University of Rome.

Preparation of the membranes

The preparation of the electrode body and the application of the
membrane was carried out by a method similar to that used for the
construction of the all-solid-state selective electrodes for the ammonium
ion.?The prepared membranes contained 7% ionophore, 64% plasticizer
and 29% polymeric matriz (PVC).

Determination of the electromotive force (EMF)

The electromotive force (EMF) determinations were carried out
using a double cell thermostatized at 25+0.5 °C by water circulation.
The composition of the electrochemical cell was:

Ag/AgCIIKCl 0.1 mol/dm’K,SO, 0.1 mol/dm’litest
solution|[PVCmemb.|cond. supp. ICu

The calibration parameters were obtained by applying the method
of additions.?” The selectivity coefficients (K 4% ) were determined by
using the method of mixed solutions.”’
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RESULTS AND DISCUSSION

Calibration parameters

Calibration of the constructed electrodes was carried out by the
method of additions” and the results are shown in [Fig. 1a and 1b]. The
calibration curves were used to calculate parameters such as s]ope (S),
practical detection limit (PDL) and lower limit of linear response
(LLLR). This was done through data adjustment by the linear regres-
sion method following the Nernst law.
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Fig. 1a. Calibration curves obtained by the method of additions for
constructed ISEs.

Figurela showed the good characteristics of the calibration curves
obtained for each plasticizer used as solvent mediator in this study,
showing a wide interval of the linear response in the 10 —10-*mol/dm?
range.
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Fig. 1b. Slopes and lifetimes of the constructed polymeric liquid
membrane sensors.

It is seen from Figure 1b that the values obtained for the slope (S)
correspond to those expected by Nernst for a monovalent anion. The
largest value of S corresponds to the sensor made using NOX as sol-
vent-mediator. This indicates that this electrode has the highest practi-
cal sensitivity.

The slope values closest to the lhemctlcal values were obtained
with the ISEs made using DBP (-59.2 mV.dec) and o-NPOE (-60.1
mV.dec™) as solvent-mediators. However, it is not possible to find a
correlation between the values of S and the properties of the plasticiz-
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ers used as solvent-mediators. It is only clear that all the S values are
acceptable from the Nernst equation point of view.

The values of PDL are related to the electronic structure and steric
hindrance of the ionophore and the plasticizer, as well as to their char-
acteristics. The ionophore TOMACI gives a polarized cation with its
charge unscreened. This could influence the mobility of ionophore in
the polymeric liquid membrane. Generally the PDL values are of the
order of 1.9-2.9 x 10~ mol/dm *, similar to those previously obtained
by Arada et. al."® with ISE for nitrate ion determination, where tetradecyl
ammonium nitrate (TDAN) was used as ionophore. The lowest value
found for PDL was 1.90 x 10° mol/dm® when DBP was used as plasti-
cizer. Nevertheless, the PDL values were generally of the same order
as those reported in the literature by other authors (2.2 x 10 - mol/dm?)
* and were even better (3 ¢ 10 mol/dm?) in some cases.?

No relation between the PDL values, lipophilicity and dielectric
constant (e) of the plasticizers was found in this study. Nevertheless,
better PDL values are obtained when these properties have intermediate
values,

With respect to the values of lower limit of linear response (LLLR)
obtained in this work, they were generally of the same order as those
reported in the literature # (10 mol/dm?).

Influence of pH on the response of the electrodes

The effect of pH on the response of the electrodes studied in this
work was carried out using the corresponding Reilley diagram. The pH
intervals studied for the constructed electrodes is shown in Figure 2.
This figure shows that the response of the electrodes is not affected
when they are used over a wide pH range. This is a very important
characteristic of these electrodes, indicating that the ISEs constructed
in this study can be used over a wide pH range.
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Fig. 2. Response of constructed ISEs as a function of pH for a
concentration of interfering anion of 10 > mol/dm?.

Table 1. pH ranges found by other authors for ISEs for nitrate.

ISEs pH range
Orion No. 92-17-02 (Ref.30) 2.0-12.0
Corning and Orion ¢3! 2.5-8.0
Nielsen and Hansen ®ef32! 4.0-9.0
Lima and Machado Ref3% 3.5-11.5




As seen in Table 1, the wide pH range obtained is comparable to
that of ISE from Orion No. 92-17-02,% and in all cases it is better than
those those reported by other authors,*-** especially in the alkaline re-
gion. This is due to the fact that the quaternary salt is the compound
that determines the pH range, and not the plasticizers employed as sol-
vent-mediators. The QAS undergoes alkaline hydrolysis at the begin-

ning. Once the membranes are activated they become permeable to
H,0, 0, and CO, as well as to the quaternary salt present in the solu-

tion.

When the membranes come in contact with an acid solution (H,50,,
pH 2-3), the alkali-hydrolyzed quaternary salt tends to be restored by
equilibrium displacément to undergo a higher degree of hydrolysis,
and hence becomes more adequate for interchange of nitrate substitu-
tion. -

In the strongly alkaline region, the hydronium ions can not substi-
tute the nitrate in the membrane through interchange reaction. That is
why the interval is so wide in the alkaline region. Moreover, the hy-
droxide (7) ion (OH") was never detected by the electrodes as interfer-
ing anion.

Study of the effect of interfering anions on the selectivity
of the constructed ISEs

The quantification of the selectivity of the constructed electrodes
can be achieved by measuring the degree of interference of different
anions on the response of the electrode for nitrate ion. This was done
by determining the corresponding potentiometric selectivity coeffi-
cient*» (K ig’) in the presence of different interfering anions, and the
results are shown in Figure 3 which shows that it is difficult to find a
pattern to explain the correlation between the values of log K iﬂ'
obtained for the ion-selective electrodes constructed in this work. More-
over, the values obtained for log are X 7% not affected by the nature of
the plasticizers used as solvent-mediators.
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Fig. 3. Selectivity coefficients determined for the ISEs for liquid
membrane containing 0-NPOE and DOS, in the presence of different
interfering anions with a concentration of 10 mol/dm®.

In the case of imerféring monovalent anions, a similar behaviour
of the degree of interference was observed for electrodes constructed
in this work and those electrodes constructed with tetradecylammonium
nitrate (TDAN)', regardless of the symmetry of the quaternary salt.
The effect of interfering monovalent anions on the selectivity coeffi-
cients of the electrodes for nitrate ion constructed by using. either

TDAN'® or TOMACI as ionophores is shown in Table 2.

Table 2. Values of the selectivity coéffcien[s () for electrodes
constructed using 0-NPOE as plasticizer and TDAN or TOMACI as
ionophore, in the presence of the most interfering monovalent anions.

Plasticizer &l Br ClO; BrO,
o-NPOE (a) | 8.69.10-3 | 456.10-2 | 991.10-1 | 7.20.102
o-NPOE (b) | 1.06.10-3 | 1.25.10-] 1.12061 6.31.102

(a): TDAN'® ; (b): TOMACI

In the case of the CI ion, which is an interfering anion that should
be taken into account for all electrodes for nitrate ion determination, in
Table 3 it is seen that a compromise or synergism between the poten-
tiometric selectivity coefficients and the lipophilicity and dielectric
constant (polarity) of the plasticizers used as solvent-mediators exists.
This accounts for the fact that both 0-NPOE and DOS present the same
order of interferences, although o-NPOE is much more polar than DOS
(Table 3).

Table 3. Values of potentiometric selectivity coefficient (K 53 for
CI- as interfering anion in relation with the dielectric constant and
lipophilicity of the plasticizers used as solvent-mediators.

Plasticizer used as | Dielectric constant | Lipophilicity | Selectivity coefficient
solvent-mediator (e) (Log P o) (K f:g') (mol/dm?)
o-NPOE 23.6 59 1.06 x 107
DOS 39 10.1 331x10°

This phenomenon has been studied by other authors*?® who found
major interferences for monovalent anions in all cases. This was ex-
pected because of the characteristic of these anions and the mechanism
involved in the response of the electrode which, is by ionic interchange.
As seen in figure III, the monovalent anions C10,~, Br-and BrO,~ present
major interference. The CI- ion is a very strong interfering anion, with
its interference of the same order (10 mol/dm?) for electrodes con-
structed by using TBP, NOX, DBP, DOP and TEHP as solvent-media-
tors. However, its degree of interference is one order of magnitude lower
(107 mol/dm?) for electrodes constructed using o-NPOE and DOS.

CONCLUSIONS

The sensors constructed showed Nernstian slopes with values of
the practical detection limit (PDL) and lower limit of linear response
(LLLR) in the 10® —10°mol/dm® range. Wide working pH ranges,
especially in the alkaline region, were found. From the results obtained
in this work it can be concluded that the dielectric constant of the
plasticizers used as solvent-mediators does not affect significantly the
values of the potentiometric selectivity coefficient (K%' ) of the ion-
selective electrodes.
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