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A heterogeneous membrane pH sensor based on chitosan, polyvinyl chloride (PVC) and a suitable
plasticizer was developed. The best overall performance was shown by a membrane with composition
ratio of chitosan (ionophore) : PVC (binder) : 2-nitrophenyl octylether (2-NPOE) (plasticizer) at 20 :
30 : 30 (% w/W) respectively. The potentiometric responses was linear within pH 2 to 9, limit of
detection at pH 9.5, slope 56 mV decade™ at 25 + 1 °C and response time of 20 + 5 s. A life time of
more than 3 months was obtained. The sensor established good selectivity and reproducibility towards
hydrogen ion in the presence of other cations. Results were in good agreement with a commercial pH
electrode for pH measurement in fruit juice samples.
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1. INTRODUCTION

Measurement of acidity (pH) of an aqueous solution is very important for various applications.
Glass electrode is by far the best mean for this purpose. Nonetheless, it has its limitation like unable to
provide accurate pH values at the extreme end of pH scale, limited shape and also cannot be used in
fluoride solution [1]. Some more, it is always in need of frequent calibration before and after use. Its
fragility hinders it being miniaturized for biological purposes. Hence, it is a challenge to researchers to
overcome these drawbacks. Better still if the substitute is robust, cheap, reliable and green.

Numerous studies have been devoted to the development of new pH sensor based on different
materials during the past two decades. Sensor made of metal oxide film [2-8] due to its toxicity is
prohibited to be used for either biological or biomedical applications. However, fluorescent pH sensors
[9-18] are, widely, used in bioanalytical chemistry and cellular biology for measuring intracellular pH,
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and also in medical science for monitoring pH in blood. But its drawbacks are fluctuations in light
source intensity of the instrument, photo-bleaching of the pH sensitive reagent, drifts in the
optoelectronic setup and also background fluorescence. Lately, a number of optical pH sensors have
been studied and developed [19-24]. The fiber optic, the main item used in its fabrication, has many
advantages over glass e.g. small size, flexibility, low propagation loss, no risk of electric shock on in
vivo measurement and no electromagnetic interference [25].However, the limitations for this type of
sensor are complex removal process of cladding layer and the fragility of unclad fibre.

Over the years pH sensors based on polymeric membranes have attracted more attentions than
others [26-39]. The attraction being that they are easy to manufacture in any desired shape and size.
Besides, these sensors are, typically, rugged and reliable. While several polymeric matrices have been
used in the manufacturing of ion selective electrodes (ISE) polyvinyl chloride (PVC) remains one of
the best choices [35]. The heterogeneous polymeric membrane is, mainly, a blend of PVC, ionophore,
plasticizers and in some instances, a lipophilic anion. lonophores like calyx[4]arene [28],1—
octadecanoyl-4-methylpiperazine, 1-octadecanoyl-4—(2—pyridyl)-piperazine, N-octadecylmorpholine
and octadecylisonicotinate [29], p-tert-butylcalix[4]arene—oxacrown—-4 [38], amine [39-42],
hexabutyl-tri-amidophosphate [43], azobenzenes [44] and phenoxazine derivatives [45] have been
studied. The influence of plasticizer in the polymeric membrane blend such as to increase the
membrane polarity to facilitate partition of ions [46] and to help improve capacity of the ionophore
[47] have been highlighted. It is reported 2-NPOE is the best membrane plasticizer in polymeric pH
sensor using macrocyclic ~ compounds [38]. In  another  report  [48] the
diocthylphenylphosphonate(DOPP) has, however, been blamed of responding towards analyte. These
polymeric membranes appear to be promising besides trivial problems like sluggish pH readings.

Chitosan, a polysaccharide, has been reported to be promising polymer not only in the
biological field, but also in various industrial applications [49]. Up to date there has been no report yet
on the application of chitosan as ionophore in the polymeric membrane of pH sensor. However, earlier
report has indicated that chitosan membrane is sensitive towards pH changes [4]. The polymeric
heterogeneous chitosan membrane electrodes have been used to measure iron (111) [50] and glutamate
[51].This paper reports on the study carried out to get the alternative pH sensor by making use of
chitosan, a non toxic biodegradable material, as the active material or ionophore.

2. EXPERIMENTAL

2.1. Reagents

All chemicals were of reagent grade and were used without purification. Chitosan PM 100
(granular), 100 mesh, was obtained from ChitoChem (M) Sdn. Bhd. (Malaysia). High-molecular
weight poly (vinyl chloride) (PVC) was obtained from Fluka Chemika (Switzerland). The 2-
nitrophenyloctylether (2-NPOE), bis(2-ethylhexyl)adipate) (BEHA), Tris(2-ethylhexyl)phosphate
(TEHP), Dibutyl phthalate (DBP) and Dioctyl phthalate (DOP) were obtained from Aldrich
(Germany). The tetrahydrofuran (THF) and chloride salt of all cations were obtained from MERCK
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(Germany). All solutions were prepared using distilled deionised water from EASY pure LF, Barnstead
(USA). The stock solutions of defined pH were, freshly, prepared using analytical grade boric acid,
acetic acid, sodium sulphate of Sigma-Aldrich and phosphoric acid of Fluka Chemika (Switzerland).

2.2. Preparation of electrode

Chitosan of various quantities was mixed with a fixed quantity of PVC (initially dissolved in 2
ml THF). The membrane was, then, blended with various plasticizers. The blend was placed in a glass
ring (35 mm i.d.) resting on a glass plate. After overnight solvent evaporation, the resulting membrane
was peeled off from the glass mould and a disc (6 mm i.d.) was cut out. The membrane disc was
mounted to one end of Pyrex® glass tube with Araldite®. The 0.1 M HCI internal filling solution was
added into the tube. Electrical contact between inner solution and the pH meter was accomplished
through Ag/AgCl pseudo-reference electrode. The assembly was conditioned in 1.0 x 10° M HCI
solution for 12 h. The polymeric membrane was rinsed with water prior to various tests to get the
membrane with optimum performance.

2.3. Potential measurements

The pH and emf of solutions were measured using Orion 720A plus meter of Thermo Electron
Corp. (USA). A glass pH electrode 915600 of Orion Research Inc. (USA) was used to determine the
pH of solutions. This was used as standard with prior calibration using standard buffer pH 4.01, 7.00
and 10.01 of Orion Research Inc. (USA). An Ag/AgClI (3M KCI) of Bioanalytical System (USA) was
used as external reference electrode. The electromotive force (emf) measurements were performed at
25 + 1 °C. The experimental solution was stirred by a magnetic stirrer bar HI 200M of Hanna
(Singapore). All measurements were carried out with the following cell scheme;

Ag, AgCl | 0.1 M HCI |membrane| sample solution | | KCI (3M) | AgCl, Ag

3. RESULTS AND DISCUSSION

3.1. The characterizations of the membrane

The sensitivity and selectivity of a given membrane depends significantly on the ingredients,
including plasticizer and additives used [52-54]. Besides, contact time and concentration of
equilibrating solution must also be optimized in order to develop a reproducible, stable and noiseless
potentials membrane [55-57]. The performances of heterogeneous chitosan : PVC (% w/W)
membranes are normally accessed by increasing the percentage of chitosan in the membrane whilst
keeping the percentage of binder PVC constant. Therefore, the effect of plasticizers i.e. 2-NPOE,
DOP, BEHA, TEHP, DBP is the variable and without plasticizer as a control. The emf responses of the
polymeric membranes with various plasticisers added towards a series of Britton—Robinson buffers
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solution (pH 2 — 12) with 0.1 M Na,SO, are investigated. The characteristics of these sensors are
tabulated (Table 1). The overall result indicates that electrode no. 8 with composition ratio of chitosan
(20%), PVC (30%) and 2-NPOE (30%) performs near to Nernstian, linear range from pH 2 to 9 and
limit of detection pH 9.5 (Fig. 1).

Table 1. Effect of membrane compositions on the slope of membrane electrodes based on chitosan.

Mass (W/W %) Slope (mV  Linear
=S[VILIES Jonophore  Plasticizer PVC decade™)  range
2-NPOE DOP BEHA  TEHP DBP (pH)
1 10 - - - - - 30 40.1+02 2-7
2 10 30 - - - - 30 545+03 2-9
3 10 - 30 - - - 30 513+02 2-8
4 10 - - 30 - - 30 498+04 2-7
5 10 - - - 30 - 30 417402 2-8
6 10 - - - - 30 30 426+02 2-8
7 20 - - - - - 30 423403 27
8 20 30 - - - - 30 56.6+04 2-9
9 20 - 30 - - - 30 53.1+02 2-8
10 20 - - 30 - - 30 513+02 2-7
11 20 - - - 30 - 30 441+03 2-8
12 20 - - - - 30 30 454+02 2-8
13 30 - - - - - 30 414+02 2-7
14 30 30 - - - - 30 523+03 2-9
15 30 - 30 - - - 30 53.1+04 2-8
16 30 - - 30 - - 30 475+02 2-7
17 30 - - - 30 - 30 41.1+03 2-8
18 30 - - - - 30 30 442+02 2-8
650 -
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-
g 350 -
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Figure 1. Calibration plots of pH sensors with membrane containing chitosan (20 %), PVC (30 %)
and plasticizer (30%): (@) NPOE, () DOP, (@) BEHA, (x) TEHP, ( 4) DBP as plasticizer
and (*) without plasticizer.



Int. J. Electrochem. Sci., Vol. 7, 2012 12049

From the Nernst equation;
Ecen = E°+ (2.303RT/nF) log a (i)

The theoretical Nernstian slope, S = 2.303RT/nF, for a monovalent ion at 25 °C is 59.1 mV
decade™. It is apparent that the best polymeric pH sensor with plasticizer 2-NPOE has nearly ideal
slope at 56 mV decade™ as compared with the other plasticizers. The 2-NPOE as the preferred
plasticizer for monovalent ions ISE has been highlighted elsewhere [38, 58]. The presence of
plasticizer in the binder matrix acts as a fluidizer, allowing homogeneous dissolution and diffusion
mobility of the ion-pair inside the membrane [59]. The slope value of each of the added plasticizer
polymeric membrane decreased in the order of 2-NPOE > DOP >BEHA > DBP> TEHP =~ without
plasticizer.

3.2. Response time and lifetime of the electrode

The response time of an ISE is important in analytical applications and it depends slightly on
the concentration change. Therefore, it is determined by recording the elapsed time to reach a stable
potential value after the electrode and the reference electrode were immersed in calibration solutions
from low to high H" concentrations. The response time of the proposed pH sensor (linear range pH 2 -
9) is in the region of 20 + 5 s. This is comparable to, or even shorter than, those reported in literature
[39, 60]. However, the response is slightly longer in the basic region 30 = 5 s. The exchange of anion
OH’ is harder due to formation of inorganic salt. This indicates that in acidic medium Donnan
equilibrium is more favourable as the proton, H”, in the quaternary ammine is easily detachable from
the tertiary amine functional group of the ionophore and is later exchanged with the proton in solution .
The possible mechanism involved in the generation of the emf response is shown (eqn (ii)).

O—NH,H* + H" o O—NH,H" + H' (ii)
(membrane) (solution) (membrane) (solution)

The repeatability of pH measurements is studied by performing several runs from pH 1 to 12
and vice versa. There is no drift observed during the measurements indicating that sensitivity,
reversibility and repeatability of this pH sensor are excellence. Throughout the measurement no
hysteresis is observed either.

The lifetime of the electrode is determined by recording its potentials at an optimum pH value
and by plotting calibration curves every day. The slope of calibration curve indicates no significant
changes within a period of 3 months (Fig. 2). This shows that operational stability of the proposed pH
sensor is not affected for a period of at least 3 months of continuous use. Also the membrane has no
experience of ingredients leak from the organic layer which affects response after several time of usage
as has been reported elsewhere [59].
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Figure 2. The lifetime of the pH electrode: (¢) NPOE, (&) DOP, (4) BEHA, (x) TEHP, (*) DBP as
plasticizer and (@) without plasticizer.

3.3. The selectivity of the electrode

The selectivity coefficient, K, of the pH sensor towards other ions is also investigated. This is
the most important characteristic of any ion sensor. K" determines the extent to which a sensor can be
employed in the analysis of real samples [61]. In order to get the KP* for the developed polymeric
membrane as near as possible to real situation the mixed solution method is used. The concentration of
interference cations e.g. potassium, sodium, lithium, calcium, barium, copper, magnesium, cobalt, zinc
and iron(111) were fixed at 10™* M.

Table 2. Selectivity coefficients of chitosan membrane sensor towards various interfering ions.

Interference KPot

Na* 25x10™
Li* 6.3x 10"
Ccu®* 6.3x 10"
K* 1.0 x 10
Co* 7.9x10*
Mg”* 1.0x 10
Ca** 1.0x 107"
Zn** 1.0x 10"
Fe* 1.0x 107"
Ba®* 1.0x 107"

The pH of Britton—Robinson buffer solutions were varied by drop wise addition of potassium
hydroxide. It appears that the calculated K" are less than 1 for all cations (Table 2) indicating that the
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proposed pH sensor is not sensitive to the cations tested, especially, the alkali metal ions. Thus, it can
be used, conveniently, for pH measurements in media containing these cations e.g. environmental
waters. The interfering effect of the cations is in the following order: Na* > Li* = Cu®* > K* > Co** >

Mg®* =~ Ca®* = Zn*" = Fe** ~ Ba®* which is, apparently, an anti-Hofmeister Series.

3.4. The analytical applications of the electrode

The proposed pH sensor is used to determine the acidity of some fruit juice samples. Table 3
shows the results obtained by the proposed pH sensor and that of conventional glass electrode. It
appears that both set of results are in good agreement with each other with correlation coefficient, R?,
0.981. The slight difference in values is presumably due to (i) differences in kinetic of exchange
equilibria achieved by the proposed and glass electrodes and (ii) complexation of ionophore (chitosan)
membranes with metal ions in complex sample matrices [62]. Nonetheless, the proposed pH sensor is,
definitely, viable to be used as the alternative pH electrode in place of glass electrode.

Table 3. pH determination of fruit juice samples using proposed and glass electrode.

Samples Proposed pH sensor Glass electrode

Peel fresh orange (Marigold) 3.15+0.08 3.20+£0.10
Orange juice (Marigold) 3.20+0.10 3.42+0.09
Orange juice (Sunkist) 3.20+0.10 3.05+0.09
Apple juice (Marigold) 3.50+£0.10 3.40+0.10

“All the values were the mean of triplicate measurements (n = 3).

4. CONCLUSIONS

Chitosan can be used, successfully, as an ionophore in polymeric membrane pH sensor. The
plasticiser 2-NPOE has to be included to get better response. The developed sensor is not sensitive
towards most available cations in environmental waters especially alkaline metal ions. At the moment
it is only a prototype but since it is robust, eco-friendly and performs equally well it is expected to be
able to replace glass electrodes once its assembly is perfected.
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