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Abstract
In order to lower the amount of amitriptyline released from PVC membrane and improve the sensitivity of the ion
exchanger based PVC membrane ion selective electrode (ISE), 0.4% (m/m) clonidine-tetraphenylborate was used as
a electroactive component in PVC membrane of ISE for determination of amitriptyline with inner reference solution
of 1 mM NaCl and 0.1 mM clonidine. Better reliability and selectivity compared with previous reports were acquired
with a linear range of 10 nM� 1.0 mM, the detect limit of 5.0 nM and average slope of 58.4 mV/decade. Fine
reproducibility, stability and recoveries by the standard addition method were also acheived. The influence of the
membrane thickness, inner reference solutions, supporting electrolyte, and the response time are discussed.
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1. Introduction

In recent years, the detection limit of neutral and charged ion
carriers or ionophores of PVC membrane, which is affected
chiefly by a small flux of primary ions from the organic
sensing membrane into its aqueous surface layer, was widely
investigated [1±4]. In respect of the researchofPb2� selective
electrodeengagedbyPretsh [5],EDTAwasused to lower and
buffer the concentration of Pb2� in the inner reference
solution so that substantially the flux of Pb2� decreased and
found a detection limit of 5�10�12 M. This is a great
advantage in the region of ISEs in recent years. Qin and
Pretsh [6] employed ion-exchanging resin to control the
concentration of primary ions of inner solution, which led to
improvement of the detection limit of K�, Na�, Ca2�, Mg2�

and Cd2�. Pretsh [7 ±9] and Bakker [10] discussed theoret-
ically the influence of flux of primary ions on the detection
limit. However, there has been no systematic theoretical or
experimental investigation of an ion exchanger based PVC
membrane of ISEs. This article considers that the detection
limit of ion exchanger based PVCmembrane ISEs is affected
mainly by two factors: first, the dissolution of the electro-
active component in aqueous water from PVC membrane

results in an increase of primary ions at the aqueous surface
layer. Second, the primary ions transfer in PVC membrane
from inner electrolyte solution to outer surface of PVC
membrane. To improve the detection limit of ion exchanger
basedPVCISEs,weused clonidine-tetraphenylborate (TBP)
which is more soluble than amitriptyline-TBP in water as
electroactive substance for determination of amitriptyline.
Because the selectivity coefficient of amitriptyline (Structur-
e I, Scheme 1) sensor to clonidine (Structure II, Scheme 1) is
sufficiently small, and the clonidine dissolved or transferred
from PVC membrane has little interference with amitripty-
line response.
The experiment showed that the detection limit was 2 ± 3

orders of magnitude lower than those in articles reported
[11, 12].

2. Experimental

2.1. Apparatus and Reagents

The measurement of emf was carried out with a PXJ-1B
digital ionometer (Jiangsu Electroanalytical Instrument

Scheme 1.
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Factory) and a 801 saturated calomel electrode (Jiangsu
Electroanalytical InstrumentFactory). The galvanic cell was
composed of:
Ag/AgCl/1 mM NaCl, 0.1 mM clonidine hydrochloride/

PVC membrane/0.1 MHAc� 0.2 M NaAc� 0.1 M NaCl�
amitriptyline/SCE.
The thickness of PVC membrane was measured with a

WHT-10A thickness-meter (Jiangdu Experimental Ma-
chine Factory). The amitriptyline hydrochloride and sodium
tetraphenylborate were purchased from Chengdu No. 2
Pharmaceutical Factory and Shanghai No. 1 Reagent Fac-
tory, respectively. Other drugs used were all of the standard
of the Chinese pharmacopoeia. Other reagents were of
analytical-reagent grade. Water used in the experiment was
double distilled water.

2.2. Preparation of Solution

2.2.1. Amitriptyline Standard Solution

275.5 mg of amitriptyline hydrochloride was weighed pre-
cisely anddissolved intowater andwasprepared in a 100 mL
measuring flask whose concentration was 0.1 mM. Dilute
solutions of amitriptyline were prepared by diluting 0.1 mM
amitriptyline standard solution.

2.2.2. Total Ionic Strength Adjustment Buffer (TISAB)

TISAB was composed of 1 M HAc, 2 M NaAc and 1 M
NaCl (I� 3.5). Other concentrations of TISABwith I� 0.35
and I� 0.035 were prepared by stepwise dilution of above
TISAB solution.

2.3. Preparation of PVC Membrane Clonidine Electrode

Clonidine-tetraphenylborate and clonidinePVCmembrane
ISE were prepared according to the literature [11]. Briefly,
0.5332 g of clonidine hydrochloride was weighed and
dissolved into 100 mL water. Then 1.0267 g sodium tetra-
phenylborate in 150 mL water was added with vigorous
stirring. The precipitate was filtered and washed with water
till no Cl� was detected with AgNO3 solution in the filtrate,
and then dried in vacuum. The 0.4% clonidine-tetraphe-
nylborate of PVC membrane was prepared by mixing 8 mg
sodium clonidine-tetraphenylborate, 1.360 g di(2-ethylhex-
yl) phthalate, 7.0 mL tetrahydrofuran and 0.632 g PVC of
tetrahydrofuran solution, and then pouring them into a
rectangle flat glass with size of 5� 8 cm2 placed in a box.
After 3 days, a dry and uniform PVC membrane was
obtained. Other membranes containing 1.5%, 1%, 0.4%,
0.1%, 0.05%, 0.01% of clonidine-tetraphenylborate were
also prepared by the identical method. A disk of 7-mm
diameter was punched from the membranes and glued to a
plasticized PVC tubing with THF/PVC slurry.

2.4. Measurement of Membrane Thickness

The PVC membrane was placed on the flat of a WHT-10A
thickness-meter, and its thickness was recorded automati-
cally.

2.5. Emf Measuremnets

The PVC membrane electrode should be pre-activated by
soaking in 0.1 �M clonidine hydrochloride for half an hour.
The standard curve method and standard addition method
were employed for determination. The electrode should be
cleaned andwashed to apotential valueof 20 mVwithwater
after every run of amitriptyline. Selectivity coefficients were
determined by the fixed interference method.

3. Result and Discussion

Many lipophilic drug cations can combine with the anion of
tetraphenylborate to form a hydrophobic precipitate in
water. Dissolving these substances in the plasticizer in the
PVCmembrane one can obtain PVCmembrane drug ISEs.
The cation combining with tetraphenylborate in PVC
membrane tends to be replaced by other more hydrophobic
cation to form lower solubility of electroactive substance
when the electrode is immersed into the solution. The
universal electrode for determination of drug cation could
be prepared [13 ± 16] by using higher solubility of the
electroactive substance. By immersing simply the universal
electrode into the drug cation detected solution for several
hours, we could obtain a new PVC membrane ISEs for
determination of this cation. In this article, clonidine ISE
was used for determination of amitriptyline in the condition
of pre-activity in clonidine solution rather than in amitripty-
line solution prior to determination. To prevent the
clonidine in PVC membrane from replacement on a large
scale by amitriptyline, it was necessary towash the electrode
till its potential value reached 20 mV (blank potential value
was �10 mV) so that the fine reproducibility was kept.
Although the transfer of clonidine cation through PVC
membrane and dissolution of the electroactive component
from PVCmembrane took place when lower concentration
of amitriptyline was determined, the clonidine dissolved
from PVC membrane had little interference with determi-
nation of amitriptyline.

3.1. Concentration of Electroactive Substance in PVC
Membrane

The concentration of electroactive substance of clonidine-
tetraphenylborate in PVC membrane had evidently an
impact on the slope of the calibration plot, linear range,
detection limit and stability as seen in Figure 1. A non-
Nernstian response to amitriptyline which was lower than
1.0�10�7 M was observed when the electroactive substance
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concentration was lower than 0.1% in the PVC membrane.
Otherwise, higher detection limit, unstable response to
lower concentration and a long time response were found
when the electroactive substance concentration was higher
than 1%due to the dissolution of large amounts of clonidine
from the PVC membrane. The best concentration of
electroactive substance was 0.4% in which the electrode
possessed fast response, lowest detection limit and widest
linear range compared with other concentrations of the
electroactive substance.

3.2. Influence of Membrane Thickness

Thickness of PVCmembrane of 0.07, 0.13, 0.20 and 0.37 mm
were tested, respectively, at 0.4% of electroactive substance
for plotting calibration curves of amitriptyline response.
Higher thickness of PVCmembrane led to higher resistance
of the electrode, longer response time and unstable re-

sponse. The non-Nernst response was again observed when
the thickness of PVC membrane was too thin because of
facile transport of clonidine across membrane from the
inner solution and dissolution of clonidine-tetraphenylbo-
rate from membrane which was just similar to the phenom-
ena of higher concentration of electroactive substance.
Figure 2 shows that the best thickness of membrane was
0.20 mm.

3.3. Composition of Inner Reference Solution

Different inner reference solutions containing 0.01 MNaCl
were examined including a) 1.0 mM clonidine, b) 0.5 mM
clonidine, c) 0.1 mM clonidine, d) 0.05 mM clonidine, e) no
clonidine, and f) 1 mM amitriptyline. The composition of
inner reference solution influencednot only on thepotential
value of electrode response but also on other response
characteristics of the electrode. Higher concentration of

Fig. 1. The effects of the concentration of clonidine-tetraphenylborate in the membranes on the calibration plot. A) 0.01%, B) 0.05%,
C) 0.1%, D) 0.4%, E) 1%, F) 1.5%. The inner solution of the electrodes was 0.01 M NaCl containing 0.1 mM clonidine. The membranes
thickness were 0.20 mm. The TISAB was composed of 0.1 M HAc� 0.2 M NaAc� 0.1 M NaCl, ionic strength I� 0.35.
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clonidine in the inner solution resulted in higher detection
limit probably due to the diffusion of clonidine from the
inner solution. Absence of clonidine in the inner solution
caused unstable response in determination of lower con-
centration of amitriptyline, which might be the reason of
tetraphenylborate leaching into the inner solution [17].
Although a fine detection limit of 5 nM and curve slope of
58.4 mV were achieved with the inner solution of 0.01 M
NaCl containing 1 mM amitriptyline, the detection limit
gradually climbed to 1.0�10�7 M as a longer time of
determination was performed because the amitriptyline in
the inner solution diffused into PVCmembrane inwhich the
clonidine was exchanged. Figure 3 shows that the best
response characteristics were acquired in the condition of
0.01 MNaCl containing 0.1 mMclonidine as inner reference
solution.

3.4. Influence of Supporting Electrolyte Concentration

Four solutions with different concentration of supporting
electrolyte, i.e., 4.0, 1.0, 0.4 and 0.1 M TISAB were tested.
Higher concentration of TISAB, for example 4 M TISAB,
gave rise to higher interferencewith determining amitriptyline
and loweractivity coefficientof amitriptyline. Itwas found that
0.4 M TISAB (I�0.35) was most the favorable condition for
determination of low concentration of amitriptyline.

3.5. Response Time

Figure 4 shows the response time as a function of amitripty-
line concentration. The response time was less than 1 min
when the amitriptyline concentration was between 10�7 and
10�2 M, and 15 min when between 10�9and 10�7 M, and
30 min when the concentration was lower than 10�9 M.

Fig. 2. Influence of the membrane thickness on the electrode
performance at 25 �C. Electroactive substance concentration was
0.4% (m/m). The inner solutions: 0.01 M NaCl containing 0.1 mM
clonidine. TISAB: 0.1 M HAc� 0.2 M NaAc� 0.1 M NaCl, ionic
strength I� 0.35. The emf measurement was carried out in the
sequence from lower to higher concentration.

Fig. 3. Effect of different inner reference solutions. A) 0.01 M
NaCl and 1.0 mM clonidine, B) 0.01 M NaCl and 0.5 mM cloni-
dine, C) 0.01 M NaCl and 0.1 mM clonidine, D) 0.01 M NaCl and
0.05 mM clonidine, E) 0.01 M NaCl. The membrane thickness was
0.20 mm. The TISAB was composed of 0.1 M HAc� 0.2 M
NaAc� 0.1 M NaCl and ionic strength I� 0.35. Amitriptyline
measurement was done from lower to higher concentration.

Fig. 4. Time-dependent emf response traces of amitriptyline in
TISAB (I� 0.35) solution.
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3.6. Selectivity of the Electrode

Some problems arose from the measurement of the
selectivity coefficient when one used amitriptyline PVC
membrane ISE formeasuring selectivity coefficient because
the potential value measured in the solution containing
interference, especially discriminated ions, arose usually
from the supporting electrolyte rather than from the
interferent. In this case, the selectivity coefficient measured
does not represent the true Kpot

ij value. In other words, the
selectivity coefficient measured was controlled by the
potential value of the supporting electrolyte. Here we
decreased the detection limit of amitriptyline using a
clonidine ISE that made Nernstian responses toward the
interfering ions more remarkable. Truer potentiometric
selectivity coefficients can be observed andmay be lower by
many orders than the ones obtained by conventional
procedures. Table 1 lists selectivity coefficients of twenty
interfering ions detected by the fixed interferencemethod in
0.04 M TISAB. It shows that the selectivity of the discrimi-

nated interfering ions was improved substantially compared
with other conventional procedures [11, 12].
In the optimal conditions, the detection limit of amitripty-

line could lower to 5.0 nM although the selectivity coeffi-
cient Kpot

ij of the electrode to clonidine was 6.4� 10�3 while
0.1 mM clonidine existed in the inner solution. This implies
that clonidine contributed by transfer from the inner
solution was smaller than that by dissolution of clonidine-
tetraphenylborate from the PVC membrane, which is
different from the ionophore based PVC membrane elec-
trodes in which the flux of primary ions from the inner
solution is dominant in the detection limit.

3.7. Reproducibility and Stability

The emf of the electrode was measured repeatedly in
amitriptyline solution from1.0� 10�8 to 10�6 M for six times.
The results were listed in Table 2. The emf of the electrode
was measured successively in 1.0� 10�7 M at 25 �C for
4 hours. The potential values varied less than 1.0 mV.

3.8. Recovery

The recoveries of amitriptyline from 12.7 to 252.3 �g/Lwere
determined by the standard addition method. Satisfactory
results were obtained from 97.2% to 102.4% seen the
Table 3.
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