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The Schiff-base 2-{(E)-[(2-amino-5-nitrophenyl)imino]methyl}-4-methoxy phenol,
was synthesised and explored as a suitable ionophore for preparation of poly(vinyl
chloride) based membrane sensor selective to silver(I) ion. The addition of
potassium tetraphenyl borate and various plasticisers, viz. o-NPOE, DBP, DMS
and DOP was found to substantially improve the performance of the sensor.
The electrode revealed a Nernstian behaviour over a wide silver ion concen-
tration range (1.0� 10�6–1.0� 10�1mol L�1) with relatively low detection limit
(7.5� 10�7mol L�1). The potentiometric response was independent of the pH of
the solution in the range of 1.8–5.0 with very short response time (55 s). The
proposed electrode can be used for at least two months without any considerable
divergence in potentials. It exhibits very good selectivity relative to a wide variety of
alkali, alkaline earth, transition and heavy metal ions. The selectivity of the
proposed sensor shows great improvements compared to the previously reported
electrodes for silver ions. The sensor was also found to work satisfactorily in
partially non-aqueous media up to 25% (v/v) content of acetone with respect to
water and can tolerate the concentration 0.05 (w/v%) of non-ionic (Triton X-100)
surfactant. The sensor could therefore be used for Agþ ion estimation in
radiographic films occupationally exposed.

Keywords: silver-selective electrode; potentiometric titration; 2-{(E)-[(2-amino-
5-nitrophenyl)imino]methyl}-4-methoxy phenol (ANPIMMP); coated-graphite
electrode

1. Introduction

The need for highly sensitive and selective determination of silver ions arises from
its economic value and its long-term toxicity for humans and environment [1–4]. It is
known that silver deactivates sulfhydryl enzymes and also combines with amine, imidazole
and carboxyl groups [5]. These, together with the widespread use of silver in industry and
increasing applications in the field of medicine, have led to the development of a relatively
large number of silver ion sensors based on different carriers [5–26].

There has been a growing interest in the development and application of
potentiometric sensors for monitoring concentration of various species in biological,
environmental and industrial fields, because of their unique advantages such as fast
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response, easy preparation, low cost, possibility of using in complex and colour media,
wide linear dynamic range, relatively low detection limit and adequate selectivity for most
analytes. Most of the recently reported potentiometric sensors are carrier-based
ion-selective electrodes (ISEs), which presumably act on the basis of chemical recognition
principles [27]. Several types of recognition elements such as using carriers of suitable size
and specific metal–ligand interactions have been utilised in the selection or synthesis
of suitable carriers for construction of ISEs [28]. Several ligand structural features
including type and geometrical arrangement of the donor atoms, ability to coordinate with
the soft silver ions and the presence of two linear coordination sites to fit the singular
coordination is necessary to improve its selectivity for complexation with silver ion.
On the basis of the response characteristics of the reported carrier-based silver ISEs, the
following points are worth considering: the selectivity of some macrocyclic compounds
toward silver ions is not due to the size of their cavity, but is related to the other ligand
characteristics, so that non-cyclic carriers with suitable arrangement of donor atoms
can show a better discrimination of Agþ ion [29]; while the presence of some substituents
with n-electrons [30–32] and oxygen atoms of the ligand mostly interact with Agþ ion as
a soft acid through ion–dipole interactions, which result in fast sensor response and higher
sensitivity. Ion-sensors provide analytical procedures that overcome or minimise the
drawbacks of liquid membrane electrodes since they are fast, convenient, can be handled
easily and do not require sample pretreatment and large infrastructure backup. A review
of literature [2,7] reveals that the Schiff bases are the best choice as ionophores for the
fabrication of ion sensors due to their peculiar properties. The lipophilic ability of Schiff
bases provide geometric and cavity control for host guest complexation modulation and
thus produces remarkable selectivity, sensitivity and stability for a specific ion.

Herein, we report the new synthesised highly lipophilic Schiff’s bases 2-{(E)-[(2-amino-
5-nitrophenyl)imino]methyl}-4-methoxy phenol (ANPIMMP) to exhibit excellent response
to silver ion. This sensor has a simple design, a fast response time and a Nernstian slope
and shows fairly good discriminating ability towards this ion in comparison with other
alkali anions.

2. Experimental

2.1 Reagents and instruments

Polyvinyl chloride (PVC) of high relative molecular weight, dibutyl phthalate (DBP),
dioctylphthalate (DOP), 4-nitrophenylocthyl ether (NPOE), dimethylsebacate (DMS),
tetrahydrofuran (THF), sodium tetraphenylborate (NaTPB), methyltrioctyl ammonium
chloride (MTOAC) and methanol (MeOH) were purchased from Aldrich and were used
as received, except THF which was distilled before use. All other chemical materials such
as Triton X-100, Triton X-114, sodium dodecyl sulfate (SDS), CTAB and DTAB were
of highest purity available from E. Merck Darmstadt Germany. All aqueous solutions
were prepared with deionised distilled water. The pH adjustments were made with dilute
HNO3 and/or KOH solutions as required. Cyclic voltammetry (CV) was carried out with
a Metrohm 746 VA Trace Analyzer, using a multi-mode electrode in the hanging mercury
drop electrode (HMDE) mode and SCE as the reference electrode. All potentials are
measured and quoted relative to this reference electrode. The three-electrode system
was completed by means of a platinum auxiliary electrode. A Shimadzu V-570-atomic
absorption spectrometer equipped with deuterium background correction silver
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hollow-cathode lamp as the radiation source. The instrumental parameters were adjusted
according to the manufacturer’s recommendations.

2.2 Synthesis of 2-{(E)-[(2-amino-5-nitrophenyl)imino]methyl}-4-methoxy phenol
(ANPIMMP)

ANPIMMP was prepared by dissolving 1mmol (0.152 g) of 5-methoxysalicylaldehyde
and 1mmol (0.153 g) of 4-nitro-1, 2-phenylenediamine in 3ml methanol and stirred for 3 h,
till a yellow precipitate obtained. The product was recrystallised in dichloromethane/
methanol (1 : 2) mixed solvent with Yield of 80%. FT-IR (KBr, Cm�1) �max 3000(NH2),
2600(C¼N), 1300(NO2), 1200(C-O). Uv-Vis (DMSO): 359 nm, 294 nm. M.P.¼ 219�C.
1HNMR(DMSO/H2O): 3.75 (s, 3H), 6.70 (S, 1H), 6.80 (d, 1H), 6.91 (d, 1H), 7.40 (d, 1H),
7.44 (s, 1H), 7.92 (d, 1H) ppm, 8.94 (s, 1H), 11.10 (s, 1H) ppm. 13CNMR (DMSO/H2O,
ppm): �¼ 161.71, 154.08, 152.52, 150.61, 136.62, 134.40, 124.69, 121.27, 120.79, 117.95,
114.61, 114.45, 113.61, 111.80.

2.3 Preparation of electrode

The coated-graphite electrode was prepared according to our previous publications
[31,32]. Graphite rods (3mm diameter and 10mm long) were prepared from spectroscopic
grade graphite. A shielded copper wire was glued to one end of the graphite rod with silver
loaded epoxy resin and the rod was inserted into the end of a PVC tube. The working
surface of the electrode was polished with a polishing cloth. The electrode was rinsed with
water and methanol and allowed to dry. A mixture of appropriate amount of PVC,
plasticiser and the membrane additive, NaTPB was dissolved in about 4mL of THF.
To this mixture suitable amount of ANPIMMP to give a total mass of 100mg was added
and the solution was mixed well. The polished graphite electrodes will be then coated
by repeated dipping (several times, a few minutes between dips) into the membranes
solutions. A membrane formed on the graphite surface was allowed to set overnight.
The electrode was rinsed with water and conditioned for 24 h in 0.1M silver nitrate
ion solution. The coating solutions are stable for several weeks if kept in a refrigerator and
can be used for the construction of new membranes.
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Scheme 1 . The structure of ANPIMMP.
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2.4 Potential measurement

The response characteristics of the prepared coated-graphite electrode were determined
by recording potential across the membrane as a function of silver concentration at a
constant temperature of 25�C. All the potential measurements were carried out with
a model 691 (Metrohm) and pH measurements were carried out with a pH/Ion meters
model 692 (Metrohm). The potential build up across the membrane electrode was
measured using the galvanic cell of the following type: Hg/Hg2Cl2/KCl(sat) || test solution
| PVC membrane | Graphite electrode. The performance of each electrode was investigated
by measuring its potential in silver solutions in the concentration range of
1.0� 10�7 – 0.1M by serial dilution of the 0.5M stock solution at constant pH. The pH
was adjusted by addition of KOH and/or HNO3. The solutions were stirred and potential
was recorded after reaching steady state values. The data were plotted as observed
potential versus the logarithm of the silver ion concentration.

2.5 Sample pretreatment

The waste radiographic samples were prepared for the measurement of their silver content
as follows. 10ml of 3M nitric acid and 40ml water was added to 20ml of the sample
and the solution was boiled for 60min until its volume reduced to a half. The resulting
solution was neutralised with sodium hydroxide solution to a pH of 4.5� 0.2 and filtered.
The filtrate was washed and diluted to 100ml in a volumetric flask and used for
potentiometric and atomic absorption measurements.

2.6 Response time measurement

Dynamic response time of an ion selective electrode is defined as the length of time
between the instant at which the ISE and a reference electrode are brought into contact
with a sample solution and the first instant at which the cell gives a constant potential.
The response time of a sensor is measured by changing the concentration of test solution
successively from 1.0� 10�5 to 1.0� 10�2mol L�1, and each time the cell potential
is measured. The results depicted in Figure 4 show that the time needed to reach a
potential within �1mV of the final equilibrium value after successive immersion of a series
of Agþ ions concentration, each having a tenfold difference in concentration, is 5 s.
This indicates fast exchange kinetics of complexation-decomplexation of Agþ ions
ionophore at the test solution membrane interface.

3. Results and discussion

Ligand used as ionophore in ion-selective electrode should fulfil certain conditions,
including high selectivity for Agþ ion over other metal cations, rapid exchange kinetics and
be sufficiently lipophilic to prevent its leaching into the aqueous solution surrounding the
membrane electrode. ANPIMMP (with two oxygen and two nitrogen donating atoms) due
to its low solubility in water is susceptible for construction of new cation selective
electrode. The Schiff bases ligand stable complexes with transition metal ions have been
used for preparation of ion selective electrodes as suitable ionophore [33,34]. In order to
investigate the interaction of ANPIMMP with Agþ ion, cyclic voltammetricy experiments
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were carried out in solution at room temperature, taking into consideration the
electrochemical behaviour of the ligand to obtain more details of the electron transfer
processes of this complex with Agþ ion. A typical cyclic voltammogram of the complex
in the potential range of �1.0 to 1.5V (vs. Ag/AgCl) is shown in Figure 1. An oxidation
peak is observed at ca. 0.5V. It seems that this irreversible reduction peak would be
ascribed to an intramolecular reductive coupling of the two imine groups in ligand
structure. Such a process would involve self-protonation reactions where the phenolic
hydroxyl groups act as proton donors. Upon reversal of the scan direction, the Ag (I)
complex is reduced to Ag (o) at lower potentials. These results reveal that the redox
process for the complex under study is the one-electron transfer reaction.

This ionophore due to its sufficient insolubility in water efficiently, can be used to
prepare several PVC membrane ion-selective electrodes under identical conditions for
a variety of metal ions, including alkali, alkaline earth, transition and heavy metal ions.
As it can be seen from (Figure 2), among different tested cations, the Agþ ion with
Nernstian response seems to be suitably determined while the emf responses obtained
for all other cation-selective electrodes are much lower than the predicted by the Nernest
equation. The results might indicate that the selectivity towards these ions is masked
by the low detection limit of the electrode, which is most probably due to the transport
of Agþ1 ions from the measuring solution to the boundary between membrane and
the solution.

3.1 Influence of membrane composition

It is well known that the performance characteristics of the membrane ion-selective
electrodes, i.e. sensitivity, working range, selectivity and stability, not only depend on the

–60

–40

–20

0

20

40

60

–1.5 –1 –0.5 0 0.5 1 1.5 2

Potential (v Ag/Agcl)

C
ur

re
nt

 (
m

A
*1

0^
-3

)

Ligand

Ag (.0021 M) +Ligand

B

A

Figure 1. Cyclic voltammogram for complexation of ligand with Agþ ions, conditions: (a) 0.0021M
Agþ, (b) 0.0021M Agþ, 0.2mM ligand; scan rate 80mv/s, potential window �1.1–1.5, 0.05M
tetra butyl ammonium perchlorate (TBAP) in 1 : 1 water : ethanol.
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nature of the carrier, but also significantly on the amount and type of polymer matrices,

plasticiser and membrane additives. The influence of membrane compositions were

investigated by varying the amount of the membrane active material, concentration
of NaTPB and type of plasticiser. The response of the electrodes prepared with different

amounts of ionophore has been studied taking different concentrations of the Agþ ions
ranging from 1.0 to 10�6 to 1.0 to 10�1M. In all of the membranes the NaTPB/ionophore

mole ratio and plasticiser/PVC mass ratio were fixed at 0.5 and 2.0, respectively.

The working range and slope of the electrode was improved appreciably on increasing the
amount of the ionophore in the membrane matrix from 1 to 7%. The electrodes with

low amounts of the ionophore (52%) show poor perm-selectivity. Further increasing the

amount of the ionophore beyond 7%, the response of electrode do not improved.
The plasticiser nature influences the dielectric constant of the membrane phase, the

mobility of the ionophore molecules and the ligand state. Therefore it was expected to play

a key role in the determination of the selectivity, the working concentration range and the
response time of the membrane electrode. The influence of plasticiser type

on the characteristics of the Agþ ion-selective electrode was investigated by using

four plasticisers of different polarity including DOP, DBP, DMS and NPOE. Similar to
our previous publications [31,32], in order to obtain best characteristic performance,

the plasticiser/PVC mass ratio was kept 2.0. The electrodes based on DBP and DOP
showed the best response characteristics, i.e., linear range, detection limit and slope.

It seems that DBP and DOP as low polarity plasticisers provide more appropriate

conditions for complexation of ANPIMMP with Agþ ions. The optimisation of
perm-selectivity of membrane sensors is known to be highly dependent on the

incorporation of additional membrane components [35]. The presence of such lipophilic

anionic species as tetraphenyl borate in cation-selective membrane electrodes is proved
to have a beneficial influence on different sensor characteristics. It will not only reduce

the ohmic resistance [36,37] and improve the response behaviour and selectivity [38],

but also, in cases where the extraction capability of the ionophore is poor, enhance
the sensitivity of the membrane electrode [39]. Moreover, the additives may catalyze the

0
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Figure 2. Potential responses of ion-selective electrode based on (E)-[(2-amino-5-nitrophenyl)-
imino]methyl}-4-methoxy phenol complex for various cations.
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exchange kinetics at the sample membrane interface. To further determine how
the different lipophilic sites and various amount of NaTPB added to the membrane
phase influence the working parameters of the electrode, a series of membranes was
studied by using lipophilic additives of NaTPB or MTOACl. In the presence of cationic
additive (MTOACl), no remarkable response was observed. It was observed that
incorporating NaTPB in the membrane composition with a mole ration of additive
to ionophore equal to 0.5 showed best performance characteristics. This is due to fact that
NaTPB acts as a charge compensating counter ion in the membrane and thus facilitate the
process of ion charge transduction. On the other hand, the membranes without lipophilic
salt, showed very narrow concentration range and sub-Nernstian slopes. This observation
is likely due to the presence of anionic impurities within the PVC polymer matrix [40].
These observation are indications of the fact that ionophore act as neutral carrier.

3.2 Response characteristics and selectivity of the electrodes

The performance of the sensor as a function of time (no. 8) shows adequate life time
of 2 months. Over this period the response of the sensor was measured by recording the
calibration graph, at 25.0�C at different time intervals, without appreciable change in slope
and working concentration range. However, when not in use the sensors were stored
in 0.1M silver nitrate solution. An earlier study on the interaction between metal ions
and ionophores containing nitrogen, phosphorus, oxygen and sulfur atoms also showed
that such ionophores has the most selectivity to pH changes because of the formation
of hydroxo complexes of metal or protonation–deprotonation of the ionophore. The effect
of solution pH towards the membrane potential was then evaluated by adding HNO3

or KOH to Agþ ion solution at pH 1.5 up to 11 until a significant EMF change was
observed. The pH was measured concurrently with the EMF change. Two kinds of Agþ

ion concentration (1.0� 10�3 and 1.0� 10�2M) were studied and respective results
are shown in Figure 3. It can be seen that the ISE can be used in a wide range of solution
pH from pH 1.8 to 5.0 with no significant change in the EMF value. This means that
2-{(E)-[(2-amino-5-nitrophenyl)imino]methyl}-4-methoxy phenol electrodes can be used
to measure a wide range of environmental and industrial water samples without pH
adjustment The electrode was affected when pH5 1.8 probably due to the interference
from Hþ and pH4 5 due to the precipitation of silver hydroxide. However, the effective
pH range found in this study was wide enough to use in the sample without need to critical
pH adjustment.

It is well known that the dynamic response time of a sensor is one of the
most important factors in its evaluation. The results depicted in Figure 4 show that
after 5 s electrode response reach to a potential within �1mV of the final equilibrium
value after successive immersion of a series of Agþ ions, having a tenfold difference
in concentration. This indicates fast exchange kinetics of complexation-decomplexation
of Agþ1 ion with the ionophore at the test solution membrane interface. The reversibility
of the sensor was checked by changing the sample concentrations successively from
1.0� 10�6–1.0� 10�1mol L�1 and the results showed that the potentiometric response
of the sensor was reversible; although the time needed to reach equilibrium values was
a little longer than that of low to high sample concentrations.

Repeated monitoring of potentials and calibration, using the same electrode over
several days gave good slope reproducibility as given in Table 3 and respective calibration
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curve is presented in Figure 5. The standard deviation of 10 identical measurements
was 0.5mV. The sensitivity of the electrode does not change when the potentials are
recorded from low to high concentrations and vice versa. The lifetime of the electrodes was
studied by periodically measuring the calibration graph over a period of two months.
During this period, the electrodes were in weekly use and they were stored at three
different conditions when not in use, in conditioning solution (0.1M AgNO3), out of
solution (dry) and in distilled water. It was observed that slope, linear range and detection
limit of the electrode which prepared in 0.1M AgNO3 did not change significantly
after two months. Selectivity of an ionophore is the most crucial characteristic of an ISE.
The ionophore should have good selectivity for primary ion over interfering ions in order
to avoid the bias response from such interfering ions. The selectivity of ISE s was explored
based on the so-called ‘unbiased selectivity coefficient’ proposed by Bakker and
co-workers [41].
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Figure 3. Effect of pH of the text solution on the potential response of the silver ion-selective
electrode.
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Figure 4. Dynamic response of CGE for step changes in concentration of AGþ1.
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The selectivity behaviour determines the accuracy and precision of a reliable
measurement of an ion in the sample in the presence of interference. In order to assess
the selectivity of the proposed silver ion-selective electrode over other cations the method
of fix interference method [FIM] [2,30] and separate solution method [SSM] [5,31] was
employed. FIM has generally been the more preferred method because it most closely
mimics a practical application of a sensor. In this method, the potentiometric selectivity
coefficients, Kpot,Agþ 1, were evaluated by the potential measurements of solutions
containing a fixed concentration (0.01M or 0.001M) of interfering ion (respective nitrate
salts) and varying concentration of silver ion. In SSM, potential of different solutions
containing same amount of silver or interfering ion (0.01M) were measured and
the selectivity was calculated according to literature [31,32]. As it is evident from Table 4,
most of the interfering ions show low values of selectivity coefficient, indicating no
interference in the performance of the membrane electrode assembly in the presence
of interfering ion. Such remarkable selectivity of the proposed Agþ ion-selective electrode
over other metal ions reflects the high affinity of the nitrogen and oxygen coordination
sites of the ionophore toward the Agþ ion. The smaller the charge of interfering
ion, the larger the selectivity coefficient, KPot Ag. Thus, despite their large selectivity
coefficients, the thallium and potassium ions would not disturb the functioning of the
Agþ ion sensor significantly.

The mechanism of silver response shown by the ionophore could be related
to the rapid complex formation and exchange of ions at the membrane interface caused
by ion exchange processes. The tolerance limit of cations with respect to silver
ion was calculated by the following equation, using a maximum of 2% tolerable error:
a1=zM / aAg¼P/100� 1/(KAg,M) where z is the charge of the interfering ion and p is the
tolerable error in percent due to interference by M. In the case of alkaline earth metal ions
with selectivity coefficients in the range of �2.30 to �2.93, as logKAg,M, and bivalent
transition metal ions (logKAg,M, �2.13 to �3.04) the tolerance limits are highly
concentration dependent, due to the superscript of 1/z in the above equation. For these
groups of metal ions the tolerance ratios (a1=2M =aAg) are between �522.8 to �1683.2and
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Figure 5. Potential response of the proposed electrode.
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between �261.7 to �640.7, respectively. The tolerance ratio was calculated to be 160–500
for trivalent cations, expressed as a1=3M =aAg

3.3 Effect of non-aqueous solvent

The real samples may contain non-aqueous content, so the performance of the sensor must
be investigated in partially non-aqueous media. In this regard, the characteristic

Table 2. Response performance of the silver ion-selective electrodes, conditions various membrane:
compositions, conditioned 24 h in 0.1M Agþ.

No Plasticizer PVC Ionophore NaTPB MTOACl L. R.a Sb

1 . . .. . .. . .. . .. 32.3 2.0 1.1 – 10�6–10�1 26.82
2 64.5 (DOP) 32.3 2.0 1.1 10�6–10�1 57.05
3 64.5 (DMS) 32.3 2.0 1.1 10�6–10�1 54.02
4 65.0 (DBP) 32.3 2.0 1.1 10�6–10�1 37
5 65.0 (NPOE) 32.4 2.0 1.1 10�6–10�1 47
6 65.0 (DOP) . . .. . .. 2.0 1.1 10�6–10�1 33.07
7 65.9 (DOP) 32.9 1.0 0.59 10�6–10�1 41.6
8 64.5 (DOP) 32.3 2.0 1.1 10�6–10�1 59.25
8 64.5 (DOP) 32.3 2.0 – 1.1 10�4–10�2 12.1
9 63.5 (DOP) 31.7 3.0 1.8 – 10�6–10�1 67.53
10 61.3 (DOP) 30.7 5.0 3 10�6–10�1 45.18
11 61.2 (DOP) 30.6 7.0 4.2 10�6–10�1 32.48
12 65.93 32.97 . . .. . .. . . 1.1 10�6–10�1 54.52
13 64.5 (DOP) 32.3 2.0 . . .. . .. . . 10�6–10�1 38.7
14 65.3 (DOP) 32.6 2.0 0.4 10�6–10�1 18.3
15 65.3 (DOP) 31.6 2.0 0.9 10�6–10�1 24.52
16 64.6 (DOP) 31.3 2.0 1.1 10�6–10�1 57.05
17 65.05 (DOP) 32.5 2.0 1.4 10�6–10�1 31.90
18 65.33 (DOP) 32.6 2.0 1.9 10�6–10�1 18.35

Table 3. Response characteristics of the proposed silver selective electrode.

Properties Values/range

Optimized membrane composition PVC: plasticizer: ionophore:
NaTPB (32.3 : 64.5 : 2 : 1.1)

Electrode type Coated-graphite electrode
pH range 1.8–5
Conditioning time and concentration 24 hours in 0.1M AgNO3

Linear range (Agþ1, M) 1.0� 10�6–1� 10�1

Slope (mV/decade) 59.25� 0.91
Detection limit (M) 8� 10�7

S.D of measurement �0.61 at 1� 10�3M&
� 0.32 at 1� 10�2M

S.D of slope (mVdecade�1) �0.91
Response time (s) �5 s
Life time of the electrode At least 14 weak
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performance of electrode including linear range and slope were evaluated in 10%, 20%,
25%, 30% and 35% (v/v) acetone-water mixtures. The results, which are summarised
in Table 5, showed that the sensor did not show any appreciable change in working
concentration range and slope in mixtures up to 25% (v/v) non-aqueous content.
However, above 25% (v/v) non-aqueous content, the potentials showed drift with time
slope which may be probably due to leaching of the ionophore and plasticiser at higher
organic content.

3.4 Effect of surfactant

Ionic and non-ionic surfactants in solution could interact with the polymeric membrane
ingredients so that an increase in the background potential and lower binding and
solubility of the ionophore in the membrane [42] occurred. On the other hand, surfactants
can also disturb the measurements because of their molecule adsorption on the membrane
surface, which results in potential instability and prolonged time of electrode response.

Therefore, it leads to deterioration of detection limits, decreasing the response, slope
of calibration curve and decrease the selectivity of membrane toward the primary ion.
To investigate the effect of surfactant, response of a set of similar electrodes in solution
containing various amounts of anionic surfactant (SDS), cationic surfactant (CTAB and
DTAB) and non-ionic surfactant (Triton X-100 and Triton X-114) has been investigated.

Table 4. Selectivity coefficients of the silver (I) ion coated-graphite electrode.

Interfering ion

�Log KAg, M Log KAg, M

FIM SSM Interfering ion FIM SSM

Cuþ2 �3.04 �2.37 Tlþ1 �1.02 �2.25
Coþ2 �2.30 �2.08 Caþ2 �2.30 �2.49
Znþ2 �2.57 �2.77 Kþ �3.23 �3.42
Niþ2 �2.41 �2.66 Mg2þ �2.93 �3.06

Hg2þ �0.85 �1.23
Mnþ2 �2.13 �2.39

Naþ �3.41 �3.24
Crþ3 �2.86 �2.43
Pbþ2 �2.61 �2.59
Cdþ2 �2.59 �2.38

Table 5. Effect of organic solvent on response of silver selective electrode.

ceton (%)
Slope

(mVdecade�1) Linear range (M)

0 59.6 1� 10�6 to 1� 10�1

5 59.0 1� 10�6 to 1� 10�1

15 60.3 1� 10�6 to 1� 10�1

25 61.5 1� 10�6 to 1� 10�1

30 56.4 1� 10�6 to 1� 10�1
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It was observed that the influence of the anion surfactant (sodium dodecyl sulfate, SDS)

on electrode response is surprisingly large. The interference may be attributed to the

interference of sodium ions or competition of SDS anion with ionophore with primary

ion for complexation. The cation surfactant, due to the presence of bromide ion which

precipitates with silver ion, seriously decreases the electrode response. Non-ionic

surfactants (Triton X-100 and Triton X-114) do not respond potentiometrically. It was

observed that the proposed sensor at optimum conditions can tolerate surfactant

concentration up to 1.0% (v/w). These substances at high value undergo a division into

membrane and enhance the extraction of interfering ions from the sample to membrane

and lead to decrease membrane selectivity and cause errors in determination.

3.5 Application

The optimised coated-wire electrode was successfully applied as indicator electrodes in the

potentiometric titration of silver nitrate with chloride. Typical results for the titration

of a 50mL of 0.01M silver nitrate solution with 0.1M chloride solution and vice versa

and results are shown in Figure 6. A very good estimation of the end point can be obtained

by extrapolation of the two linear portions of the titration plot. The observation of an

unsymmetrical titration curve is due to the fact that, before the end point, the potential

shows a usual logarithmic change with the volume of titrant added, while the potential

response after the end point will remain almost constant, due to the low concentration

of free silver in solution. The applicability of the electrode was also assessed for

determination of Agþ ion concentration in radiographic waste solutions prepared as

discussed in section 2 above by the standard addition method. The result obtained by

proposed electrode in potentiometric method is in good agreement with those obtained

by FAAS (Table 6). By performing the t-test, it was observed that no significant difference

is observed between result of potentiometry and FAAS. The high recovery and precision
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Figure 6. Potentiometric titration curve of (A) 50mL of 0.01mol L�1 of Agþ ion with 0.1M Cl� ion
solution and (B) 50mL of 0.01mol L�1 of Cl� ion with 0.1M Agþ ion solution.
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and their agreements with result obtained by FAAS reflect the utility of the proposed
sensors for evaluating Agþ ion content in real samples.

4. Conclusion

A new silver-selective solid-contact membrane electrode was prepared using ANPIMMP
complexes. On the basis of the results discussed in this paper, this ionophore is proposed as
carrier for construction of PVC-based membrane coated-wire ISE for silver ions. These
electrodes exhibited good stability and sensitivity and reasonable selectivity, and they are
easy to prepare and use. Further, they presented satisfactory precision for the investigated
silver concentration levels. Due to the high mechanical resistance and durability of the
coated-wire electrodes and low solubility of the used carriers the proposed electrodes can
be used in flowing streams. The electrodes were shown to have good operating
characteristics (Nernstian response; reasonable detection limit; relatively high selectivity,
especially with respect to the highly lipophilic cations wide dynamic range; fast response;
applicability over a wide pH range). The characteristics and the typical applications
presented in this paper make the electrodes suitable for measuring the silver ion content in
a photographic and radiographic waste samples, without a significant interaction from
concomitant cationic species. The results show that there was a coordination interaction
between silver and the proposed carriers, which played an important role in the response
characteristics and selectivity of the electrodes. Coated type electrodes are very easy to
construct and handle, and offer much higher mechanical resistance, compared to their
liquid membrane counterparts. As can be seen in Tables 2–6 in comparison to Table 1, the
proposed electrodes are superior to reported silver ion selective electrodes in term
of selectivity [1,12], linear range [5–7], detection limit [1,4,10,12], applicable pH range
[3–5,8,11] and response time [2–12].
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