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In recent years, there has been a growing need for
constructing chemical sensors for the fast and economi-
cal monitoring of pharmaceutical compounds [1–5].
However, poor chemical/physical stability of biomole-
cules prevents the use of biosensors in harsh environ-
ments such as acids, bases and at high temperatures. This
led to the interest in chemical sensors by various
researchers [6, 7]. We have been interested in construct-
ing potentiometric ion-selective electrodes for monitor-
ing of pharmaceutical compounds. Potentiometric meth-
ods are simple and rapid for pharmaceutical analysis
when a suitable sensor is available, such as cation and
anion selective electrodes [8–13]. In this paper, we report
a simple plasticisized PVC potentiometric membrane
sensor based on a lidocaine (N-diethylaminoacetyl-2,6-
xylidine hydrochloride)—sulfathiazole (4-amino-N-thi-
azol-2-yl-benzenesulfonamide) ion-pair. This electrode
exhibits useful analytical characteristics for the determi-
nation of protonated lidocaine either in pure form or in
pharmaceuticals.

EXPERIMENTAL

 

Reagents.

 

 All reagents except lidocaine hydrochlo-
ride were of analytical reagent grade. Lidocaine hydro-
chloride was synthesized and purified in the laboratory
of drug in Iran (Behdashtkar). Reagent grade dibutyl
phthalate (DBP), acetophenone (AP), 2-nitrophenyloc-
tyl-ether (2-NPOE), oleic acid (OA), sodium tetraphe-
nylborate (NaTPB), tetrahydrofuran (THF) and high
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relative molecular weight PVC (all from Merck or
Fluka) were used as received. Double distilled deion-
ized water was used.

 

Preparation of ion-pair.

 

 A 10 mL volume of 

 

10

 

–1

 

 M
lidocaine hydochloride solution was mixed in a separat-
ing funnel with 10 ml of 

 

10

 

–1

 

 M sulfathiazole solution
(prepared by dissolution in dilute sodium carbonate on
heating). Then the precipitate of lidocaine-sulfathiazole
ion-pair was filtered, washed thoroughly with distilled
water and dried under vacuum at 

 

25°

 

C for at least 24 h
and grounded to fine powders.

 

Construction of electrodes.

 

 The general procedure
used to prepare the PVC membrane was to mix thor-
oughly 30 mg of powdered PVC, 5 mg of ion-pair
(lidocaine-sulfathiazole), 65 mg of plasticizer DBP
until the PVC was wet [14]. The mixture was then dis-
solved in 3 ml of dry freshly distilled THF. The result-
ing clear mixture was transferred into a glass dish of
2 cm diameter. The solvent was evaporated slowly until
an oily concentrated mixture was obtained. A Pyrex
tube (5 mm o.d.) was dipped into the mixture for about
10 s so that a nontransparent membrane of about
0.3 mm thickness was formed. The tube was then
pulled out from the mixture and kept at room tempera-
ture for about 1 h. The tube was then filled with internal
solution of 1.0 

 

× 

 

10

 

–3

 

 M lidocaine hydrochloride
(Ld

 

+

 

Cl

 

–

 

). The electrode was finally conditioned for 4 h
by soaking into a 

 

1.0

 

 × 

 

10

 

–2

 

 M Ld

 

+

 

 solution.

 

Emf measurements.

 

 The potential measurements
were carried out with the following assembly:
SCE/internal solution, 

 

1.0 

 

×

 

 10

 

–3

 

 M Ld

 

+

 

/

 

PVC mem-
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Abstract

 

—A novel lidocaine ion-selective electrode is prepared, characterized and used in pharmaceutical
analysis. The electrode incorporates PVC-membrane with lidocaine-sulfathiazole ion pair complex. The influ-
ences of membrane composition, temperature, pH of the test solution, and foreign ions on the electrode perfor-
mance were investigated. The electrode showed a Nernstian response over a lidocaine concentration range from

 

1.0 

 

×

 

 10

 

–5

 

 to 

 

1.0 

 

×

 

 10

 

–1

 

 mol L

 

–1

 

 with a slope of 

 

60.1 

 

±

 

 0.2

 

 mV per decade at 

 

25°

 

C and was found to be very
selective, precise, and usable within the pH range 5–9.5. The standard electrode potentials, 

 

E

 

°

 

, were determined
at 10, 15, 20, 25, 30, 35 and 

 

40°

 

C, and used to calculate the isothermal temperature coefficient (d

 

E

 

°/

 

d

 

T

 

 =

 

−

 

0.0003 

 

V

 

 °

 

C

 

–1

 

) of the electrode. However, the electrode performance is significantly decreased at temperatures
higher than 

 

45°

 

C. The electrode was successfully used for potentiometric determination of lidocaine hydrochlo-
ride in pharmaceutical products.
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brane/test solution/SCE. A model 701 Orion ion ana-
lyzer pH/mV meter was used for the potential measure-
ments at 

 

25.0 

 

±

 

 0.1°

 

C. The external reference electrode
was a standard calomel electrode (SCE) shielded by an
intermediate salt bridge compartment containing the
background electrolyte in order to prevent any transfer
of potassium ions into the measuring solution.

RESULTS AND DISCUSSION

 

Membrane material.

 

 The influences of the mem-
brane composition, nature and amount of plasticizer
and amount of oleic acid as a lipophilic additive on the
potential response of the Ld

 

+

 

 sensor were investigated,
and the results are summarized in Table 1. It is seen that
the use of 65% DBP in the presence of 30% PVC,
5% ionophore (no. 3, Table 1) results in good electrode
performance.

The potential response of the membrane at various
concentrations of Ld

 

+

 

 ion indicates a rectilinear range
from 

 

1.0 

 

×

 

 10

 

–4

 

 to 

 

1.0 

 

×

 

 10

 

–1

 

 M. The slope of the cali-
bration curve was 

 

60.1 

 

±

 

 0.2

 

 mV/decade of Ld

 

+

 

 concen-
tration. The limit of detection, as determined from the
intersection of the two extrapolated segments of the cal-
ibration graph, was 

 

6.3 

 

×

 

 10

 

–5

 

 M. The standard devia-
tion of 8 replicate measurements is 

 

± 

 

0.2

 

 mV. The mem-
brane sensors prepared could be used for more than
3.5 months without any measurable change in poten-
tial.

 

Effect of soaking.

 

 The performance characteristics
of Ld

 

+

 

 sensor were studied as a function of soaking
time. For this purpose, the electrode was soaked in

 

10

 

−

 

2

 

 M solution of lidocaine hydrochloride and the cal-
ibration graphs . versus pLd

 

+

 

) were plotted after
0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 12, 24, and 48 h. The
optimum soaking time was found to be 4.0–6.0 h, when
the slopes of the calibration curves were

(Eelec°

 

56.0

 

−

 

59.0 

 

mV

 

/

 

pLd

 

+

 

 decade at 

 

25°

 

C. Soaking for longer
than 24 h is not recommended to avoid leaching of,
although very little, the electroactive species into the
external solution. The electrode should be kept dry in
an opaque closed vessel while not in use.

 

Potentiometric selectivity.

 

 The selectivity coeffi-
cients of the proposed membrane selective electrode
were determined against a number of interfering ions
by using the two solution method (TSM) [15, 16] and
the matched potential method (MPM) [17]. MPM is a
recently recommended procedure by IUPAC, which
gets rid of the limitations of the corresponding methods
based on the Nicolski–Eisenman equation for the deter-
mination of potentiometric selectivity coefficients.
These limitations include non-Nernstian behavior of
interfering ions and inequality of charges of primary

and interfering ions. The obtained results for the 
of Ld

 

+

 

 electrode are summarized in Table 2. There was
no significant interference from most of the tested inor-
ganic substances, with the exception of phenyl ephrine
(PE

 

+

 

) and phenyl propanol amine ions

 

(

 

PPA

 

+

 

)

 

 ions in
two methods because they mimic the structure of
lidocaine hydrochloride. The proposed supported liq-
uid membrane electrode seems to be reasonably selec-
tive towards lidocaine hydrochloride.

 

Response time.

 

 Dynamic response time is an
important factor for an ion-selective electrode [18]. In
this study, the practical response time was recorded by
changing solution with different Ld

 

+

 

 concentration
from 

 

1.0 

 

×

 

 10

 

–4

 

 to 

 

1.0 

 

×

 

 10

 

–2

 

 M. The actual potential ver-
sus time traces is shown in Fig. 1 in which the electrode
reaches the equilibrium response in a short time of
<10 s.

 

Effect of pH.

 

 The pH dependence of membrane
electrode was studied at 

 

1.0 

 

×

 

 10

 

–3

 

 M Ld

 

+

 

 ion concen-
tration; the obtained results are shown in Fig. 2. The
potential was found to remain constant from pH 5.0

KLd M,
pot

 

Table 1.

 

  Optimization of the membrane ingredients

No.
Composition (%)

Slope (mV/decade) Linear range (M)
Ion-pair PVC Plasticizer* Additive*

1 – 30 65(2-NPOE ) 5(OA) 24.2 1.0 

 

×

 

 10

 

–4

 

–1.0 

 

×

 

 10

 

–1

 

2 3 30 67(DBP) – 52.5 1.0 

 

×

 

 10

 

–4

 

–1.0 

 

×

 

 10

 

–1

 

3 5 30 65(DBP) – 60.1 1.0 

 

×

 

 10

 

–4

 

–1.0 

 

×

 

 10

 

–1

 

4 5 30 60(2-NPOE) 5(OA) 57.7 1.0 

 

×

 

 10

 

–4–1.0 × 10–1

5 5 30 62(2-NPOE) 3(NaTPB) 55.3 1.0 × 10–4–1.0 × 10–1

6 5 30 65(2-NPOE) – 51.4 1.0 × 10–4–1.0 × 10–1

7 8 30 62(DBP) – 54.3 4.0 × 10–4–1.0 × 10–1

8 5 30 58(2-NPOE) 7(OA) 56.0 1.0 × 10–4–1.0 × 10–1

9 3 30 62(DBP) 5(OA) 54.2 1.0 × 10–4–1.0 × 10–1

10 5 30 60(AP) 5(OA) 53.2 1.0 × 10–4–1.0 × 10–1

* 2-NPOE — 2-nitrophenyloctyl ether, DBP — di-n-butylphosphat, OA — cis-octadecanoic acid, NaTPB — sodium tetraphenylborate.
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to 9.5. This can be taken as the working pH range of the
electrode. At pH values lower than 5.0, the pH of solu-
tion also influenced the potential response. This is
because lidocaine-sulfathiazole ion pair complex in the
membrane of electrode is unstable in this medium; the
electrode becomes H+-sensitive at this pH [19]. At
higher pH, the lidocaine free base precipitates in the
aqueous test solutions and, consequently, the concen-
tration of deprotonated species gradually increases.

Reversibility of the electrode response. To evalu-
ate the reversibility of the electrode, a similar procedure
with opposite direction was adopted: the measurements
were performed in the sequence of high-to-low (1.0 ×
10–2 to 1.0 × 10–3 M) sample concentrations, and the
results are shown in Fig. 3. It shows that the potentio-
metric responses of the sensor was reversible and had
no memory effect, the time needed to reach equilibrium
values was the same as low-to-high sample concentra-
tion [20].

Effect of temperature. Calibration graphs were
constructed, as previously described, at test solution
temperatures 10, 15, 20, 25, 30, 35, and 40°C are repre-
sented in Figs. 4a–4g, respectively. The slope, e.m.f. of
the cell and electrode and linear concentration range of
the electrode corresponding to each temperature are
reported in Table 3. It is clear that the electrode gave a
good Nernstian response over the temperature range of
10–40°C.

The standard cell potentials, (Ecell) were determined
as the intercepts of the calibration graphs at pLd+ = 0
and used to obtain the isothermal temperature coeffi-

cient (dE°/dT) of the cell with the aid of the following
equation [21]:

 =  + (dE°/dT) cell (t–25).

A plot of  versus (t–25) produced a straight
line, as shown in Fig. 5. The slope of this line was taken
as the isothermal temperature coefficient of the cell. It
is equals to 0.00036 V/°C. The standard potential of the

Ecell° Ecell 25°C( )°

Ecell°

Table 2.  Potentiometric selectivity coefficients of various
interfering cations (Xn+)

Mn+

TSM MPM

Li+ 5.7 × 10–3 3.0 × 10–3

Na+ 2.2 × 10–3 5.3 × 10–3

K+ 2.2 × 10–3 1.5 × 10–3

Cs+ 2.3 × 10–3 6.6 × 10–3

N 2.5 × 10–3 8.2 × 10–3

Mg2+ 2.0 × 10–3 2.0 × 10–4

Sr2+ 2.1 × 10–3 1.8 × 10–2

Fe2+ 6.5 × 10–3 8.2 × 10–3

Mn2+ 2.7 × 10–3 1.9 × 10–4

Cd2+ 2.4 × 10–3 7.0 × 10–2

aPE+ 1.0 × 10–1 2.3 × 10–1

bPPA+ 2.1 × 10–1 1.8 × 10–1

a Phenyl ephrine ion.
b Phenyl propanol ammonium ion.

KLd M,
pot

H4
+

E
, m

V

30 60 90 120 150 1800
–100

–70

–40

–10
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b

c

d

e

Time, s

Fig. 1. Dynamic response time of the electrode for step
change in concentration of Ld+; (a) 1.0 × 10–4 M, (b) 5.0 ×
10–4 M, (c) 1.0 × 10–3 M, (d) 5.0 × 10–3 M, (e) 1.0 × 10–2 M.
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Fig. 2. Effect of pH of test solutions (1.0 × 10–3 M) on the
potential response of the Ld+ sensor.
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Hg/Hg2Cl2, KCl (sat’d) reference electrode was calcu-
lated using the following equation:

 = 0.241 – 0.00066 (t – 25).

The values of the standard potentials of Ld+-elec-
trode were calculated at the different temperatures from
the following relation:

 +  = 

A plot of  versus (t−25) gave a straight line,
as shown in Fig. 5. The slope of the line was taken as
the isothermal temperature coefficient of the Ld+-elec-
trode. It is equals to –0.0003 V/°C. The small values of
(dE°/dT)cell and (dE°/dT)electrode reveal the high thermal

EHg/Hg2Cl2
°

Ecell° Ereference° Eelectrode° .

Eelectrode°

stability of the electrode within the investigated tem-
perature range.

Analytical application. The proposed electrode
was successfully applied to the determination of
lidocaine hydrochloride in some real samples by stan-
dard addition. In this method, the potential of 10 mL of
injection solution was measured as sample (Eu). Then
0.1 mL of 5.0 × 10–2 M, lidocaine hydrochloride stan-
dard solution was added into the testing solution and

E
, m

V

100 200 300
Time, s

0
–60

–40

–20

0

20

Fig. 3. Dynamic response characteristics of the Ld+-elec-
trode for several high-to-low sample cycles.

Table 3.  Performance characteristics of Ld+ – electrode at different temperatures

Temperature (°C) Slope (mV/decade)  (mV)  (mV) Linear range (M)

10 53.4 140.1 391 4.0 × 10–5–1.0 × 10–1

15 54.0 142.8 390.4 6.3 × 10–5–1.0 × 10–1

20 54.9 145.5 389.8 7.9 × 10–5–1.0 × 10–1

25 56.1 146.7 387.7 1.0 × 10–4–1.0 × 10–1

30 56.6 148.4 386.1 1.0 × 10–4–1.0 × 10–1

35 57.5 149.3 383.7 1.0 × 10–4–1.0 × 10–1

40 59.7 151.6 382.7 1.0 × 10–4–1.0 × 10–1

Ecell° Eelec°

E
, m

V

–200

6 4 2 0 –2 –4 –6 –8 –10

pLd+

–250

–150

–100

–50

0

50

100

150
10°C

15°C

20°C

25°C

30°C

35°C

40°C

6 4 2 0 –2 –4 –6 –8 –10
6 4 2 0 –2 –4 –6 –8 –10

6 4 2 0 –2 –4 –6 –8 –10
6 4 2 0 –2 –4 –6 –8 –10

6 4 2 0 –2 –4 –6 –8 –10

6 4 2 0 –2 –4 –6 –8 –10

a b c d e f g

Fig. 4. Calibration graphs at (a) 10°C, (b) 15°C, (c) 20°C,
(d) 25°C, (e) 30°C, (f) 35°C, and (g) 40°C using the
Ld+-electrode.

10−2 M

10−3 M
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the equilibrium potential (Es) was obtained. From the
potential change ∆E = Eu – Es one can determine the
concentration in the sample using the equation given
below:

Cx
Cs Vs×

Vx Vs+( )10DE/S Vx–
---------------------------------------------------.=

Here Cx is lidocaine hydrochloride concentration in
the sample, Cs the concentration of the standard, Vx and
Vs the corresponding volumes, S the slope of the elec-
trode response, and ∆E the change in potential [22]. In
the determination of lidocaine hydrochloride in injec-
tion solution, the electrode showed almost identical
behavior. In all instances, the reproducibility was good
and the relative standard deviation of the determina-
tions was less than 2% (Table 4).

E (cell), mV

–10 0 10 20
t−25

–20
130

136

142

148

154

160

380

384

388

392

396
E (elec.), mV

E (cell)

E (elec.)

Fig. 5. Variation of standard potential of the cell and electrode with changes of test solution temperature.

Table 4.  Determination of lidocaine hydrochloride in aqueous injection solutions with a lidocaine-selective membrane electrode

Pharmaceutical product Amount in the sample (mg) Recovery (%) by standard 
addition method RSD (%)

5% Lidocaine hydrochloridea injection 
solution (2 mL ampoule)

50 101.6 1.5 (n = 5)

2% Lidocaine hydrochlorideb injection 
solution (10 mL ampoule)

100 97.8 1.8 (n = 5)

2% Lidocaine hydrochloridec injection 
B.P. (50 mL vial)

100 98.2 1.4 (n = 6)

2% Lidocaine hydrochlorided injection 
solution (50 mL vial)

100 97.8 1.7 (n = 5)

a Made in Switzerland.
b Made in Saudi Arabia. 
c Made in United Kingdom. 
d Made in Iran.
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A new lidocaine-selective PVC membrane electrode
based on the ion pair compound of lidocaine-sulfathia-
zole and DBP as plasticizer was developed. The
lidocaine electrode which was designed in this work
has many advantages including easy preparation, low
cost, wide dynamic range, low detection limit, good
selectivity and life time. The proposed electrode was
successfully applied to the determination of lidocaine
hydrochloride in pharmaceutical preparations. The pro-
posed analytical method proved to be a simple, rapid
and accurate.
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