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ABSTRACT

The construction and evaluation of an all-solid-state type electrode selective to nitrate based on poly(vinyl chloride) (PVC) as polymeric membrane, diethyl
phthalate as plasticizer and tetradecilammonium nitrate (TDAN) as positively charged ionophore is reported. The constructed electrode showed fast potentiometric
response to nitrate in the concentration range from 10°to 10 mol/dm? with Nernstian slope of -73.15 + 0.28 mV/decade, response time of 15 seconds and life-

time of 1 month.
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1. INTRODUCTION

A variety of ISE designs ranging from centimetre-long probes to
miniaturized micrometer self-contained solid-state chemical sensor arrays
[1] constitute the basis of modern potentiometric measurements that have
become increasingly important in monitoring of industrial process control and
determination of heavy metals in environmental samples for low detection
limit applications at trace levels [2-4] constitute just a few examples at the
centre of modern potentiometric methods.

Numerous analytical methods for determination of NO-, in different
type of samples have been described. They include kinetic, chromatographic,
potentiometric, amperometric and spectrophotometric methods and in
conditions of flow [5-12]. These methods, in addition to the need of previous
treatment of the samples, are quite laborious so that they require rather
long time for the analysis to be accomplished. These inconvenient could be
simplified by using potentiometric method employing ion-selective electrodes
(ISE) [13-19]. The potentiometric method, in addition to be an economical
method, offers many advantages over other more sophisticated analytical
methods for nitrate ion determination. These advantages include fast sample
determination, ease of the elimination of interfering chloride ion by using ISA
Pb or ISA Ag solutions for ionic force adjustment, simplicity of the method and
the possibility of determination in very small sample volume. Moreover, the
simplicity of the measurements allows the onsite sampling. The specific field
which it is possible to accomplish the determination of this ion is ample, among
which are soil, foods, plants, drinking water, etc.

In this work an ISE for nitrate was constructed by using the quaternary
ammonium salt tetradecilammonium nitrate (TDAN) as ionophore, PVC as
polymeric matrix and diethyl phthalate (DEP) as plasticizer. Some properties
of the electrode such as selectivity coefficient, practical detection limit and
lower limit of linear response and life-time was studied.

2. EXPERIMENTAL
2.1 Materials and methods

All the reagents used in this study were of analytical grade. Poly
(vinylchloride) (PVC) from Fluka was used as polymeric matrix. The plasticizer
used was diethyl phthalate (DEP) from Aldrich. Tetrahydrofurane (THF) was
analytical grade from Merck. Tetradecilammonium nitrate (TDAN) employed
as ionophore was synthesized in our laboratory. The elemental analysis of the
TDAN 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 in the department of organic chemistry of the University of Rome
using a melting point apparatus by W. Buchi.

ATR-FT-IR spectra were obtained using a Genesis- Mattson
spectrophotometer in the frequency range of 4000-400 e¢cm”. The ATR
determination was carried out by using a multiple internal reflection accessory

e-mail: may@cnt.uo.edu.cu

from Unicam with internal reflection elements (IRE) at 45° of ZnSe and a
detector of mercuty-cadmium-telurim (TCM).

The water used in this work was bidistilled water with conductivity of
less than 2 pS/cm™. The epoxy conducting resin was prepared by mixing a
commercial two component epoxy adhesive form Ciba-Geigy with graphite
powder from Merck as already described by Arada Pérez et.al. [20] for nitrate
sensors obtaining a resistance of <2 kQ.

A digital Hanna pH meter model 213 with a precision of + 0.1 mV was
used for measuring the potential difference between reference and indicator
electrodes. The reference electrode used in this study was an Ag/AgCl HI
5311 double junction electrode and a solution of 0.1 mol/dm’ of K, SO, was
employed in the external electrode compartment and a hot plate-stirrer Jenway
model 1000 LT.

2.1.1 Preparation of the membrane

The prepared membranes contained 7 Wt.% of tetradecilammonium
nitrate (TDAN) as ionophore, 64 Wt.% of diethyl phthalate as plasticizer and
29 Wt.% of PVC as the polymeric matrix. The preparation of the electrode was
carried out in a similar manner as the method used for the construction of the
all-solid-state ion selective electrodes reported in the literature [20].

2.1.2 Construction of the electrode

Elements that are part of a disposable syringe for insulin, a coaxial cable,
a conductive epoxy resin support and a PVC membrane have been used for the
construction of the selective electrodes.

2.1.3 Preparation of the body of the electrode

The body of the electrode was prepared [21] from a syringe of the type
used for insulin (Fig. la-¢). Small piece of copper foil, previously washed with
1:1 v/v HCl(aq) solution, attached to a flexible plastic ring and connected to
a copper wire was placed at a distance of approximately 5 mm from one end
of the syringe. Details of the preparation of the electrode body, the supporting
epoxy conducting resin and PVC membrane are as follows.

2.1.4 Preparation of the support

A conductive resin (Fig. 1d) is deposited on the surface of the copper
foil before depositing the sensor membrane. The conductive epoxy resin was
obtained by mixing 0.1483 g of Araldite, 0.006 g of HP hardener and 0.25 g
of graphite powder. This mixture was vigorously stirred in a suitable container
by using a mechanical stirrer so that the resulting material is as homogeneous
as possible. The conducting epoxy resin obtained was then deposited on the
electrode body cavity with the help of a rod and was pressed against copper foil
to ensure good electrical contact. The deposited epoxy resin was dried at 40 °C
for at least 12 hours to complete the curing process. The surface of the resulting
solid support was lowered to about 0.3 mm below the end of the tube in order
to support the deposit of the PVC liquid membrane.

1545



J. Chil. Chem. Soc., 58, N° 1 (2013)

(c) (d)

(a)
(b)
(e)

U]

Fig. 1. Scheme of the design of the ISE. (a) membrane support, (b) coaxial
cable, (c) copper foil, (d) conductive PVC membrane, (e) plastic tube (electrode
body) and (f) constructed electrode.

2.2 Determination of the electromotive force (EMF)

The electromotive force (EMF) determinations were carried out by using
an open cell at room temperature. Schematic diagram of the potentiometric cell
used in this study with ion-selective electrode (ISE) as the indicator electrode
and a double junction Ag/AgCl electrode as reference is shown in Figure 2. The
composition of the electrochemical cell was:

Ag/AgClKCl 0.1mol/dm’*|K,SO,
solution||PVCmemb.|cond. supp. [Cu ©

0.1mol/dm’||test

The calibration curves were used to calculate such parameters as slope
(S), practical detection limit (PDL) and lower limit of linear response (LLLR).
This was done following the Nernst law through data adjustment by linear
regression method. The calibration parameters were obtained by applying the
method of additions [22], determining the activity of the principal ion by using
the Debye-Hiickel equation (equation 1).

2

—log f = 0’_51_2_%_ )

1+172

The effect of pH on the response of PVC membrane electrodes was tested
by using 1.0 x 10> mol/dm® KNO, solution over a wide pH range. The pH was
adjusted by adding sulphuric acid or sodium hydroxide solution.

The selectivity coefficients ( K5 ) were determined by using the method
of mixed solutions [22] through the equation 2.

Pot aA
KPot = %4
4B 2,12y (@)
a
B
&
Reference electrode

L Indicator electrode

Fig. 2. Schematic diagram of the potentiometric cell used in this study with
ion-selective electrode (ISE) as the indicator electrode and a double junction
Ag/AgCl electrode as reference.
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3. RESULTS AND DISCUSSION

The analysis of the TDAN salt is presented in table 1. Together with the

values reported in the literature.

Table 1. Elemental analysis of the TDAN salt.

Element Found (%) L‘tezﬂ/t‘)‘,fjlfa'“e
N 4.27 4.37
C 75.13 74.94
H 13.47 13.21
Melting point (°C) 106.5 106
Yeild (%) 99 -

The FT-IR spectrum of the TDAN salt is shown in Fig. 3 with the following
absorption bands assignments: n*_,, (2920 cm™), n°_,,, (2850 cm™), d* (1383
em™), n_ . (1339 em™), r ., (720 cm™).
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Fig. 3. FT-IR spectrum of TDAN salt.

The potential response of the sensors prepared in this work and that of
a commercially available ISE at varying concentrations of nitrate ion (Fig.
4, calibration graph) shows linear behaviour for a wide concentration range,
in the order of 10 to 10 mol/dm® with a slope of -73.15 + 0.28 mV/decade
of activity (over Nernst). As can be seen from Table 2, the values for the
slope (S) correspond to those predicted by Nernst for monovalent anions. The
most sensible value of S corresponds to sensor constructed by using DEP as
plasticizer, which is much higher than those already found for this ISE by using
other plasticizers such as dibutylphthalate (DBP) and dioctylphthalate (DOP)
[20]. The values obtained for the slope has the following order: DEP (-73.15
mV/decade) > DOP(-61.2 mV/decade) > DBP (-59.6 mV/decade). These
results indicate that the ISE constructed by using DBP as plasticizer showed
the closest value of the slope compared to that predicted theoretically by Nernst
(-59.6+0.4 mV/dec). No relation between the values obtained for the slope and
physical properties of different plasticizers could be found. However, there is
a consensus in the literature on the possible influence of the dielectric constant
of the plasticizer in the case of divalent anions.

The detection limit was determined from the intersection of the two
extrapolated segments of the calibration plots. The practical detection limit
(PDL) values obtained have the following order: DEP (3.53x10° mol/dm?)
< DOP (5.30 x10° mol/dm?) < DBP (9.59 x 10° mol/dm?) < (5.6 x10* mol/
dm?) [24] < (LPD 10 mol/dm?) [25] and those obtained by the latter with a
commercial electrode for nitrate, Orion 02/07/90 (LPD 10-5 mol/dm3) [26].
This allows us to affirm that electrodes constructed with the use of TDAN salt
as ionophore and DEP as plasticizer can detect lower concentrations of nitrate
ion.

The pH response profile for the sensor was tested over a wide range from
pH 4-10 by using 1.0 x 107 mol/dm* KNO, solutions. The electrode potential
stayed constant in all pH range studied.



500 /DOP

450

400 4 A b b e B e
EmV) . 1 oee RS

300 o—b—0—0—4—

4 S—o00—y,

150 JDEFZR—-
200
150
100
50
0
504

-100 ] T T T T T T T T T T T T T T T !
Log NO,

Fig. 4. Calibration curves obtained by the method of additions for sensors
prepared by using DEP as plasticizer (this work) and DOP or DBP (data from
Ref. 20) and that of a commercial nitrate-selective electrode (ISE) .

The effect of interfering ions on the response behaviour of the sensors was
determined at a concentration of 1.0 x 10 mol/dm? by using the mixed solution
method [22,27] based on the Nicolsky-Eisenman equation for potentiometric
selectivity coefficients.

Table 2. Calibration parameters for the electrodes obtained by employing
the addition method with DEP as plasticizer (this study) and comparison with
results reported when DBP or DOP were used as plasticizers.

\
@J\O/\VA\ YNNIV ©<\0/\
. 0
Plasticizer ] I/O\v/\/ (0\/\/\/\/ o ]é P)\/
DBPRef. 20 DOPRef. 20 This work
s(ng/ 612+02 -59.6+ 0.4 -73.15£0.28
ec)
PDL " 6 -6
(mol/dm®) 9.59 x10 5.30x 10 3.53x10
LLLR y P p
(mol/dm’) 2.82x10 2.01 x10 2.49x10
Life Time
(months) =6 4 !
S.D. (S) 1.24621 0.81515 0.85123
pHRef2 5.0-11.5 5.0-11.5 4.0-10
Interfering o o o
i t t t
ion
K AB K AB K AB
ClO;
BrO.- 5.61 x 10" 6.02 x 10! 5.32 x 10"
Cr032’ 4.69 x 102 2.21 x 107 3.41 x 107
SO » 1.53 x 10° 1.16 x 10° 1.43 x 10°
¢ 4.77 x 10* 231 x10* 3.17 x 10*

S.D.: standard deviation.
4. CONCLUSIONS

The new electrode described in this work possesses high sensitivity,
good stability, fast response time, wide detection limit, linear range and
R . . . Pot
reproducibility toward nitrate ion. However, the electrode posses high Kjg
values for ClO, and BrO, anions. The proposed electrode can be used for
determination of NO," ion in the concentration range of 10to 10?mol/dm* and
has a life-time of 1 month.
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