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The construction and characteristic performance of PVC membrane electrode responsive to sodium dodecylsulfate (SDS) are
described in this paper. The electrode is based on hexadecyl trimethyl ammonium bromide-Sodium dodecylsulfate (CTA�DS�)
ion pair as ionophore in PVC membrane, which displays a Nernstian slope of �58�0.9 mV/decade in a 5.0�10�6 to 2.5�10�3 mol
L�1 concentration range and a limit of detection of 2.9 � 10�6 mol L�1. The electrode can be used for 3 months without showing
significant changes in the value of slope or working range. Also the electrode has wide pH range of application and short response
time. The electrode shows a selective response to SDS and a poor response to common inorganic anions. The selective sequence
found was SDS � HCO3

�
� CH3COO�

� Cl� � I� � NO3
�
� Br� � F� � CO3

2�
� C6H5O7

3�
� C2O4

2�
� SO4

2�
�

C4H4O6
2�

� SO3
2�

� PO4
3�. The potentiometric selectivity coefficients determined are indicating that common anions would

not interfere in the SDS determination. The electrode has been utilized as an end point indicator electrode for potentiometric
titration involving hyamine as titrant.

1. Introduction

Anionic surfactants are widely used in the industrial and
domestic field, for example, in washing agents, household
detergents, and personal care products. Traditional analysis
methods of anionic surfactant concentration require tedious
procedures (such as liquid and gas chromatography), or
the use of large amounts of undesired solvents (such as
chloroform in the spectrophotometric “Methylene Blue”
method) [1–4]. An alternative to these methods is the use
of electrodes (such as ion-selective electrodes [5–10] or
ion-selective field-effect transistors [11–15]). Potentiometric
methods using ion-selective electrodes have found wide
applications in diverse fields of analysis for being of low cost,
sensitive, and applicable over a wide range of experimental
conditions [16].

Surfactant titrations are based on so-called antagonist
reaction, where an ionic surfactant reacts with an oppositely
charged ion forming a water insoluble salt (ion pair) [17–20];
when the oppositely charged ion surfactants react with each

other at equal mol, the potential of the electrode has greatly
changed; then the end point can be detected by the electrode.

The use of surfactant selective electrodes for the poten-
tiometric determination of anionic surfactants concentra-
tion has been described in several papers. The surfactant
selective electrode based on single-walled carbon nanotubes
constructed by Najafi et al. [21] was used to determine the
concentration of CTA� and DS�. Juan Soto and coworkers
[1, 22] constructed an ion-selective electrode for anionic
surfactants using a new aza-oxa-cycloalkane and cyclam
derivative as active ionophore in PVC membrane.

The present work investigates the feasibility of the
preparation of stable, long life, high selectivity, and fast
response anionic surfactant ion-selective electrode. The PVC
membrane electrode is based on hexadecyl trimethyl ammo-
nium bromide-sodium dodecylsulfate (CTA�DS�) ion pair
as ionophore and di-n-octyl-phthalate (DOP) as plasticizer.
The sensitivity and stability offered by this electrode config-
uration are high enough to allow accurate determination of
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low levels of anionic surfactant by direct potentiometry and
potentiometric titration.

2. Experimental

2.1. Reagents. Sodium dodecylsulfate (SDS), hexadecyl tri-
methyl ammonium bromide (CTAB), hyamine and poly
(vinyl chloride) of high molecular weight were from Aldrich
(analytical grade). Di-n-octyl-phthalate (DOP) and tetrahy-
drofuran (THF) are both from Tianjin kermel Chemical
Reagent Company. All other reagents used for the prepara-
tion of electrode were of analytical grade. Distilled water was
used for the preparation of the solutions and for the cleaning
of all glassware and apparatus in the experiments.

2.2. Apparatus. The potentiometric measurements were per-
formed with a pHs 3C pH/mV meter and a saturated calomel
electrode (SCE) was used as external reference electrode. pHs

3C pH/mV meter and saturated calomel electrode were pur-
chased from Shanghai Precision and Scientific Instrument
Co., Ltd. The indicating electrode was self-made anionic
surfactant selective electrode. Potentiometric titrations were
conducted with the help of an automatic burette and a titro-
processor (Beijing Xianquweifeng Technology Development
Company) using a 25.0 � 0.1�C water-thermostated vessel
and an automatic burette.

2.3. Preparation of Electrode. The surfactant ion-selective
electrode was made according to the classical method
described in the literature [23] and the preparation could be
formulated as follows.

2.3.1. Preparation of the Ion Pair. The ion pair CTA�DS� was
prepared by pouring together equimolar amounts of sodium
dodecyl sulfate (SDS) and hexadecyl trimethyl ammonium
bromide (CTAB) in hot aqueous solution. The ion pair
CTA�DS� is formed as a white precipitate, which was filtered
off, washed with distilled water, and recrystallized twice from
hot acetone.

2.3.2. Preparation of the Membrane. The best membranes,
obtained with PVC : DOP 2 : 3, contained 10�3 mol
CTA�DS� ion pair per kilogram of PVC and DOP mixture.
PVC, DOP, and CTA�DS� ion pair were dissolved in
tetrahydrofuran, poured on a flat-bottomed glass dish.
Tetrahydrofuran evaporated from the solution at room
temperature for 48 h, and then the requisite membrane was
obtained.

2.3.3. Construction of the Electrode. A disk of 1.0 cm in di-
ameter was cut from the obtained membrane and attached to
the end of a PVC tube using the solution of PVC dissolved in
tetrahydrofuran (THF) as adhesive. The Ag/AgCl electrode
was used as inner reference electrode. 1.0 � 10�3 mol L�1

SDS and 1.0 � 10�3 mol L�1 KCl mixture solution was used
as inner solution. Respectively, to fabricate an electrode, the
electrode was preconditioned in 10�3 mol L�1 SDS solution
for 24 h.

2.4. Theory. A rapid and reliable potentiometric analysis
method with surfactant ion-selective electrode has been
developed for the determination of surfactants; surfactant
concentration and potential comply with Nernstian equation
written as

E � E� � 2.303
RT

zF
logaDS� , (1)

where E stands for the equilibrium electrode potential, E� is
the standard electrode formal potential, R is the gas constant,
T is the temperature, z is the transfer electron number of
electrode reaction, F is the Faradays constant, and aDS� is
the activity of the SDS solution. Therefore, the surfactant
concentration can be acquired from the potentiometry
measured using surfactant ion-selective electrode.

2.5. Emf Measurements and Titration Procedure. The external
reference electrode was a saturated calomel electrode and
self-made electrode was used for all EMF measurements.
Potentiometric measurements were carried out by using
the following cell assembly: external reference electrode,
Saturated KCl solution, sample solution, PVC membrane,
inner solution, and Ag/AgCl. All potential measurements
were carried out on a pHs 3C pH/mV meter. Potentiometric
selectivity coefficients were determined according to the
fixed interference method using 2.5 � 10�2 mol L�1 solution
of interfering ion. Calibration curves were constructed by
plotting the potential, E, versus the logarithm of the sodium
dodecyl sulfate (SDS) concentration.

The electrode has been calibrated with standard solutions
of SDS in the range of 1.0 � 10�7 to 5.0 � 10�2 mol L�1.
The volume of tested solution used for titration was 25.0 mL.
The titrant dosage rate was 0.1 mL s�1. The concentration of
titrant hyamine was 4.043 � 10�3 mol L�1. All the measure-
ments and titration were performed at 25.0 � 0.1�C.

3. Results and Discussion

3.1. Influence of Membrane Composition. The ion pair
CTA�DS� was synthesized and tested as ionophore in PVC
membrane. As it has been reported, the response of ion-
selective electrodes in terms of selectivity and sensitivity
depends not only on the ionophore but also on the final
composition of the membrane ingredients. Therefore, in
a first step several compositions of the membrane ingre-
dients ionophore, plasticizer, and PVC were tested. All
the membranes prepared were studied against SDS. The
three electrodes (1–3) prepared with different membrane
compositions were shown in Table 1. The membrane of
electrodes 1, 2, and 3 had a similar composition, and the
only difference was the content of ion pair. A comparison
of the response characteristics of electrodes 1–3 against SDS
is shown in Figure 1 and Table 1. It can be found that
Electrode 2 with the composition (wt%) of DOP (60%),
PVC (33%), and ion pair (2%) showed a better performance
than electrodes 1 and 3. On one hand it had the lowest
detection limit and the best linear correlation coefficient,
on the other hand the slope value is the nearest to theory
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Table 1: Response characteristics of the anionic surfactant-selective electrode based on PVC membrane to SDS with different composition.

Membranea Slope (mV/decade) Linear range (mol L�1) Detection limit (mol L�1) Correlation coefficient (r)

1 �50.7 � 1.2 7.5 � 10�6 to 2.5 � 10�3 4.6 � 10�6 0.9972 � 0.0004

2 �58.0 � 0.9 5.0 � 10�6 to 2.5 � 10�3 2.9 � 10�6 0.9987 � 0.0003

3 �65.5 � 2.4 7.5 � 10�6 to 2.5 � 10�3 5.9 � 10�6 0.9935 � 0.0007
a
Ingredients of membrane (wt%): (1) DOP (60%), PVC (34%), ion pair (1%), (2) DOP (60%), PVC (33%), ion pair (2%), (3) DOP (60%), PVC (32%), ion

pair (3%).
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Figure 1: Potential response of the surfactant-selective electrode
with different composition to SDS. Ingredients (wt%): �: DOP
(60%), PVC (34%), ion pair (1%), �: DOP (60%), PVC (33%), ion
pair (2%),�: DOP (60%), PVC (32%), ion pair (3%).
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Figure 2: Response time of anionic surfactant selective electrode for
step changes in different concentration of SDS solution.

value 59.2 mV/decade. So we chose the composition as the
ingredients of electrode membrane for the following studies.

3.2. Response Behavior of the Electrode. Electromotive force
of the membrane electrode 2 assembly dipped in the
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Figure 3: Effect of pH on the potentials of anionic surfactant
selective electrode in 1 � 10�4 and 1 � 10�3 mol L�1 SDS solution.
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Figure 4: Plot of the slope of anionic surfactant selective electrode
in the presence of SDS versus time (days).

solution of anionic surfactant SDS investigated was given
by Nernstian equation. The response characteristics of
anion surfactant selective electrode in solutions of sodium
dodecylsulfate (SDS) were shown in Figure 1 (curve 2).
Statistical evaluation of the electrode characteristics was
given in Table 1 (membrane 2). The slope value and cor-
relation coefficients were calculated from the linear region
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Figure 5: Response of anionic surfactant selective electrode in the
presence of certain anions: (�)SDS; (�) F�; (+) Cl�; (�) Br�; (�)
I�; (	) NO3
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Figure 6: Potentiometric titration curve of 25.0 mL tested SDS
solution with 4.043 � 10�3 mol L�1 hyamine as titrant in water,
using the electrode as an indicator electrode.

of the calibration graph of the measurements using linear
regression analysis.

Detection limit is defined as the concentration of SDS
corresponding to the intersection of the extrapolated linear
segments of the calibration graph [24] which was 2.9 �

10�6 mol L�1. The electrode investigated showed Nernstian
response (�58.0 � 0.9 mV/decade) between 5.0 � 10�6 and
2.5 � 10�3 mol L�1 for SDS. It can be seen that the electrode
exhibits linear response for SDS.

3.3. Response Time. The static response time of the electrode
was measured after successive immersion of the electrode in a
series of SDS solutions, from 1.0� 10�5 to 1.0 � 10�3 mol L�1.
The response time of electrode was evaluated by measuring
the time required to achieve a steady-state potential [25, 26].
As shown in Figure 2, a response time of 40 s was found as
the time required for the electrode to reach a potential within
�1 mV of the final equilibrium. The standard deviation of the

Table 2: The life time study of the anionic surfactant selective
electrode.

Period Slope Linear range Detection limit

(weeks) (mV/decade) (mol L�1) (mol L�1)

1 �58.0 5.0 � 10�6 to 2.5 � 10�3 2.9 � 10�6

2 �58.2 4.6 � 10�6 to 2.5 � 10�3 2.9 � 10�6

3 �58.4 4.7 � 10�6 to 2.5 � 10�3 3.0 � 10�6

4 �58.1 5.2 � 10�6 to 2.5 � 10�3 3.0 � 10�6

5 �58.3 5.5 � 10�6 to 2.7 � 10�3 3.4 � 10�6

6 �57.9 5.9 � 10�6 to 1.9 � 10�3 2.2 � 10�6

7 �58.4 6.4 � 10�6 to 2.2 � 10�3 3.9 � 10�6

8 �58.6 5.4 � 10�6 to 1.8 � 10�3 2.6 � 10�6

9 �57.8 7.1 � 10�6 to 1.5 � 10�3 4.9 � 10�6

10 �58.0 6.7 � 10�6 to 2.8 � 10�3 3.5 � 10�6

11 �57.6 8.1 � 10�6 to 2.4 � 10�3 4.3 � 10�6

12 �57.4 7.8 � 10�6 to 3.1 � 10�3 4.1 � 10�6

13 �57.2 8.2 � 10�6 to 3.4 � 10�3 5.0 � 10�6

14 �54.6 9.1 � 10�6 to 3.5 � 10�3 6.1 � 10�6

15 �52.1 1.1 � 10�5 to 2.9 � 10�3 7.6 � 10�6

16 �41.6 2.4 � 10�5 to 3.1 � 10�3 1.6 � 10�5

response time calculated from four measurements was �5 s;
the response time of the electrode was 40 � 5 s.

3.4. Effect of pH. The influence of pH on the potential
response of the electrode was studied at a fixed concentration
of SDS of 1 � 10�4 mol L�1 and 1 � 10�3 mol L�1 over the
pH range of 2–12. CTA�DS� ion pair mainly response to
DS�. DS� can combine with H� at low pH, and then DSH
formed. At low pH [H�] � [DS�], the concentration of DS�

was decreased in the solution which is probably related to
the increasing of DSH concentration. The pH values higher
than 10 also affected the potential response of electrode.
Potential increases most likely due to a membrane response
to the OH� anion, that is because in such medium OH� ions
compete with DS� ions. So out of the pH range 4 and 10,
the potential was not the same as in the pH range 4–10. As
illustrated in Figure 3, potentials remained constant between
pH 4–10, which was chosen as the pH range for the studies
[1].

3.5. Life Time of the Electrode. The electrode characteristics
obtained at various time intervals were illustrated in Table 2
and Figure 4. The electrode exhibited good reproducibility in
slope, linear concentration range, and detection limit for 13
weeks, but slight drifts in its slope and detection limit were
observed after 14 weeks. The life time of the electrode was
more than 3 months [1].

3.6. Determination of Potentiometric Selectivity Coefficients.
We carried several studies with the electrode in relation to its
response in the presence of SDS. As can be seen in Figure 5,
the electrode displayed a remarkable selective response to
SDS and a very poor change of the potential in the presence
of the anions F�, Cl�, Br�, I�, NO3

�, SO4
2�, PO4

3�,
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Table 3: Potentiometric selective coefficients for anionic surfactant selective electrode.
Interfering ion kpot

DS� , X� (log) Interfering ion kpot
DS� , X� (log)

F� �4.34 SO3
2� �5.02

Cl� �3.94 CO3
2� �4.55

Br� �4.27 HCO3
� �3.46

I� �4.22 CH3COO� �3.55

NO3
� �4.26 C2O4

2� �4.85

SO4
2� �4.89 (C4H4O6

2�)a �4.97

PO4
3� �5.13 (C6H5O7

3�)b �4.59
a
tartrate, bcitrate.

Table 4: Results of determining the concentration of SDS by potentiometric titration using anionic surfactant selective electrode compared
with the two-phase titration in sample solutions.

Number VSDS (mL)
Potentiometric titration Two-phase titration

VHyamine (mL) cSDS (mol L�1) VHyamine (mL) cSDS (mol L�1)

1 25.0 2.53 4.09 � 10�4 2.51 4.06 � 10�4

2 25.0 2.54 4.11 � 10�4 2.52 4.08 � 10�4

3 25.0 2.54 4.11 � 10�4 2.53 4.09 � 10�4

Average 25.0 2.54 4.11 � 10�4 2.52 4.08 � 10�4

RSD (%)a 1.41 1.58
a
Relative standard deviation of potentiometric titration and two-phase titration method for triplicate measurements.

Table 5: Comparison of the results obtained by the potentiometric
and two-phase titration of commercial detergents.

Sample SDS (wt%)

Potentiometric titration Two-phase titration

1a 14.37 14.23

2a 14.34 14.20

3a 14.39 14.26

RSD (%)b 2.05 2.45
a
Number 1, 2, 3: washing liquid (SDS, glycerine, sodium chloride,

diethanolamid, and additives).
bRelative standard deviation of potentiometric method for triplicate mea-
surements.

SO3
2�, CO3

2�, HCO3
�, CH3COO�, C2O4

2�, C4H4O6
2�, and

C6H5O7
3�. As it can be seen that the electrode displays

negligible response to these anions when compared with that
found for SDS.

In order to quantify the selective behavior found for
the electrode towards SDS, we have carried out studies to
determine potentiometric selectivity coefficients. Selectivity
is one of the most important characteristics of electrodes
that gives an idea of the preference of the electrode for
the primary ion with respect to potentially interfering
species and display the ability to distinguish this ion from a
complex mixture. The potentiometric selectivity coefficients
(kpot

DS�, X�) of the electrode were calculated by means of the
fixed interference method considering SDS as the principal
anion and using concentration of 2.5 � 10�2 mol L�1 for
interfering anions. kpot

DS�, X� was calculated with the following
equation [27]

Kpot
i j �

aDS�

�aX��
zDS��zX�

, (2)

where aDS� is the activity of the primary ion of DS�, aX� is the
activity of the corresponding interfering ion, and zDS� and
zX� are the corresponding charge of the primary ion and the
interfering ion, respectively. The calculated potentiometric
selectivity coefficients were listed in Table 3. The selectivity
sequence for the electrode was SDS �HCO3

�
�CH3COO�

�

Cl� � I� � NO3
�
� Br� � F� � CO3

2�
� C6H5O7

3�
�

C2O4
2�

� SO4
2�

� C4H4O6
2�

� SO3
2�

� PO4
3�. As can

be seen in Table 3, the logarithm of the potentiometric
selectivity coefficients determined for the electrode are
generally lower than �3.0 indicating that most of the anions
would not significantly disturb the determination of SDS in
real samples.

3.7. Analytical Applications. Our investigations showed that
the electrode can not only be used for direct determination
of SDS, but also was found useful as a sensor in titration of
SDS with precipitating reagent (hyamine). As an example, it
was applied in the titration of an SDS solution with hyamine.
The amount of SDS in solution can be accurately determined
by the electrode. In order to determine the concentration of
SDS in model solutions, the electrode has been used for the
determination of SDS in water by potentiometric titration
in conjunction with SCE (saturated calomel electrode) as
reference electrode and the results have been compared with
those obtained using the reference standard technique the
two-phase titration [28]. A typical sigmoid shape titration
curve obtained from the titration of SDS was shown in
Figure 6. The titration volume was estimated at the inflection
point of the titration curve. As shown in Table 4, the results
recorded by potentiometric titration are in good accordance
with those given by the two-phase titration. Relative standard
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Table 6: Comparison table with previously similar reported works.

Ionophore Slope (mV/decade) Linear range (mol L�1) Detection limit (mol L�1) pH range

New cyclic aza-oxa-cycloalkanea �57.7 � 0.2 3.3 � 10�6 to 6.7 � 10�3 2.9 � 10�6 4.5–8

Cyclam derivative b �60.0 � 0.9 7.9 � 10�6 to 2.0 � 10�3 4.0 � 10�6 5–8.5

Single walled carbon nanotubesc �59.5 9.0 � 10�5 to 5.0 � 10�3 5.2 � 10�6 Without mention

CTA�DS� ion pair d �58.0 � 0.9 5.0 � 10�6 to 2.5 � 10�3 2.9 � 10�6 4–10
a
Reference [22], bReference [1], cReference [21], dTextual content.

deviation of potentiometric titration and two-phase titration
method for triplicate measurements are less than 1.6%.

For the determination of SDS in commercial detergents,
15–30 mg sample was dissolved in 2 mL methanol and
diluted to 100 mL with water and 20 mL portion applied to
the determination of SDS in samples by the electrode. The
results of the potentiometric titration using the electrode
were compared with those obtained using the two-phase
titration. As shown in Table 5, the results recorded by the
potentiometric titration are in good accordance with those
given by two-phase titration.

4. Conclusion

Comparison with previously similar reported works was
shown in Table 6. It can be found that the response slope
to SDS of those electrodes was similar. The membrane
containing new cyclic aza-oxa-cycloalkane as ionophore had
the widest linear range and the lowest detection limit.
The membrane containing CTA�DS� ion pair as ionophore
had the widest pH usage range and also had the lowest
detection limit. An anionic surfactant selective electrode
based on CTA�DS� ion pair as an active ionophore provided
advantages of easy preparation, simplicity, fast, and clean
method of analysis of anion surfactant. This electrode
displayed a Nernstian slope of �58.0 � 0.9 mV/decade over
the 5.0 � 10�6 to 2.5 � 10�3 mol L�1 concentration range
and shows a limit of detection of 2.9 � 10�6 mol L�1. The
electrode can be applied in a pH range of 4–10. Response
time is 40 � 5 s in average and can be used more than 3
months without showing significant changes in the value of
slope. The electrode showed a clear anionic response to SDS.
The selective sequence found for the electrode was SDS �

HCO3
�
� CH3COO�

� Cl� � I� � NO3
�
� Br� � F� �

CO3
2�

� C6H5O7
3�

� C2O4
2�

� SO4
2�

� C4H4O6
2�

�

SO3
2�

� PO4
3�. Furthermore, the potentiometric selectivity

coefficients determined were relatively low, indicating that
common anions would not interfere in the SDS determina-
tion. Also it can be used for the determination of SDS in
water samples by titration procedures.
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