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Abstract
 Background and Objectives: On the basis of newly synthesized i.e. imidazolidine-2tion (IMT), highly 
selective poly vinyl chloride (PVC) membrane electrode was utilized as a carrier for iodide selective 
electrode via the incorporation of membrane ingredients within the graphite electrode surface.

Method: The impact of different factors consisting of the pH, membrane arrangement and likely intervening 
anions were examined on the electrode’s response characteristics. The created sensor displayed Nernstian 
responses to iodide across a concentration of 1× 10-6 to 0.1 M with slopes of 57.8± 0.7 mV per iodide 
concentration decade and 7 × 10-7M detection limit, across a pH range of 3.0-10.5.

Results: The sensor response time was 6 seconds and may be used for a minimum of 2 months with no 
significant divergence at potential responses.

Conclusion: The electrode was implemented with success to determine iodide within synthetic pharmaceutical 
samples as well as using as an indicator electrode for precipitation titration.
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Introduction
Iodide is a fundamental component of thyroid 

hormones which has a significant role in developing 
cell growth and brain function and its absence entails 
considerable delays in neurological development1. 
Iodine is vital to determine iodide in natural waters 
and biological samples in regard to environmental and 
biological terms2. Several analytical approaches have 
been conducted to determine iodide at low concentration 
levels since this bio-essential lement typically takes place 
at extremely low concentrations. The majority of these 
approaches need costly instruments, complex techniques, 
inadequate sensitivity and are time consuming e.g. 
classical spectrophotometry or titrimetry, and/or sample 
pretreatments namely in a complex matrix such as 
wastewater. A simple approach i.e. potentiometric 

detection on the basis of an ion-selective electrode 
has numerous advantages such as a speedy process, 
straightforward preparation, simple instrumentation, 
expeditious response, extensive dynamic range, 
appropriate selectivity and is cost-effective. Such 
properties have unavoidably produced sensors for 
numerous species with the available electrodes list 
expanding significantly over the past few years 2. 
Different types of electrodes have been recommended 
to determine the analyst ion. In addition to traditionally 
produced electrodes, the coated wire electrode has gained 
attention due to its simple manipulation and fabrication, 
great dynamic range, low detection limit and improved 
miniaturization potential. Thus, there has been growing 
interest in developing and applying potentiometric 
sensors. The majority of lately reported potentiometric 
sensors are carrier based ion-selective electrodes (ISEs) 
that likely act on chemical recognition principles. 
Numerous recognition elements types have been used 
in selecting or synthesizing appropriate carriers to 
construct ISE’s such as the utilization of adequate sized 
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carriers and particular metal-ligand interactions 3, 4. A 
selective interaction among the ionophores and anions 
is needed in ion selective electrodes for the purpose of 
successfully complex anions within a selective manner. 
The attraction between active sites used in anions and 
membranes may be separated into two categories; a 
quaternary ammonium and phosphonium salts by the 
ion exchange procedure and generates a selectivity 
pattern named the Hofmeister pattern 4. In this study, 
the selectivity for various ions and the impact of the 
membrane matrix, ionophore concentration, additives 
and the pH on potentiometric response characteristics 
regarding the suggested electrodes is examined.

Experimental

Coated-graphite electrodes were prepared based on 
a prior method 5. The spectroscopic grade graphite was 
used to prepare the graphite rods of 3mm diameter and 10 
mm length. A silver loaded epoxy resin was used to glue 
a shielded copper wire to one of the ends of the graphite 
rod. The rod was then placed into the end of the PVC 
tube. A polishing cloth was used to polish the electrode. 
Water and methanol were used to rinse the electrode 
before being left to dry. A concoction of the membrane 
additive, MTOAC, PVC, plasticizer with an overall 
mass of 100mg was disintegrated in approximately 3 
ml of THF. The electro active material imidazolidine-
2tion was added to the mixture prior to being mixed. 
By repeatedly dipping the polished graphite electrodes 
into the membrane solution, the electrodes were coated. 
On the graphite surface, a membrane was created which 
was left to set overnight. Water was used to rinse the 
electrodes prior to being conditioned for 14 hour and 18 
hour time periods in a 0.05 M potassium iodide solution 
for the imidazolidine-2tion. If the coating solutions are 
preserved in a refrigerator, they can remain stable and 
may be used to construct new membranes.

Findings
Membrane composition effect

As with prior reports, a plasticizer: PVC ratio, 2:1 
was maintained as constant in the optimization of the 
suggested iodide ion-selective electrode ingredients. 
Because of the plasticizer effect and its quantity on the 
dielectric constant regarding the ligands mobility and 
membrane phase, it is assumed to have a significant role 
in detection limit control6 and sensitivity/selectivity of 
the electrode7. Since membranes possess 60–70 wt.% of 
a plasticizer, it is predicted that the dielectric constant 

values of the liquid membranes are identical to the values 
resulting from the pure liquid plasticizer. The binding 
of synchronizing anions namely the thiocyanate and 
iodide with the complexes’ metal centers is predicted 
to be strengthened while the polarity of the solvents is 
decreased. The membrane solvent that is less polar is 
more appropriate for the anti-Hofmeister actions of a 
provided anion ionophore. Hence, at plasticizer: PVC 
ratio of ≈ 2 the impact of the plasticizer type concerning 
the response properties of the iodide ion-selective 
electrode was examined using 6 plasticizers with 
various polarities that included BA, NPOE, DMS, DOP 
and DBP. From 5 various implemented plasticizers, the 
membrane was prepared using DOP (ε=5.1) had the most 
favorable characteristic response. When DOP (ε= 5.1) 
was replaced with DBP (ε= 6.4), BA (ε= 5.0), or DBS 
(ε= 5.4), the electrode’s slope was reduced. For the polar 
membranes based on o-NPOE (ε= 23.9), the detection 
limit was higher. The o-NPOE polarity is higher than 
the polarity of DOP but they are of similar lipophilicity. 
This may be because of the synergism among the 
polarity and lipophilicity where the most beneficial 
results were acquired when these properties achieved an 
intermediate value. The electrode with DBP and DOP 
with low polarity compounds between the plasticizers 
were examined and presented useful circumstances 
to incorporate highly lipophile iodide ion within the 
membrane before coordinating it with soft mercury 
ion within the complex. This is in accordance with the 
literature that proves sensors for iodide ion-selective 
electrodes with comparatively non-polar membrane 
material may enhance iodide responses. The responses 
of the electrode prepared using various IMT amounts 
was examined. The electrode response sensitivity and 
working range were enhanced when IMT concentrations 
were increased to 9.7. Adding more ionophores 
concentrations deteriorated the electrode response 
which was likely because of membrane saturation or 
membrane non-uniformity 5, 8. It is established that 
lipophilic salts improve the response behavior and 
selectivity whilst reducing sample anion interference in 
addition to reducing membrane resistance 9-12. Neutral 
carrier based anion selective electrodes need lipophilic 
cathionic sites. However, concerning charged carrier-
based ISEs, the ionic sites should hold the same charge 
as analyte ion 13. The effect of the membrane additives 
concentration and type were examined by integrating 
NaTPB or MTOAC into the membranes. The carrier-
based membranes potentiometric response significantly 
enhanced the existence of lipophilic cationic additive, 
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MTOAC in comparison to the membranes with no 
additive. However, no responses were seen when 
NaTPB was integreated into the membranes. The 
MTOAC concentration infl uence on the membranes 
was examined at numerous additive/carrier mole ratios. 
The electrode with MTOAC/carrier mole with 0.42 ratio 
exhibited close-Nernstian response within an extensive 
iodide concentration range.

Response Characteristics and Selectivity of the 
Electrode

The results shown in Fig. 1, the potential response of 
the electrode based on carrier is independent of pH over the 
range 3.0–10.5. Dynamic response time is an important 
factor for an iodide sensitive electrode. In this study, 
the practical response time was recorded by changing 
solution with different low-to-high I- concentrations. 
The actual potential versus time traces is shown in Fig. 
2. As can be seen, in whole the concentration range, the 
electrode reaches the equilibrium response in a very short 
time (approx.6 s). To evaluate the reversibility of the 
electrode, a similar procedure at the opposite direction 
was adopted. This time, measurements were performed 
in the sequence of high-to-low sample concentrations 
and the results are shown in Fig. 2, which shows that 
the potentiometric response of the sensor was reversible, 
although the time needed to reach equilibrium values 
were somewhat longer than that of the low-to-high order 
of sample concentration. Optimum conditioning time for 
the membrane sensor in a 5.0 × 10-2 M potassium iodide 
solution is 14 h in 0.05 M potassium iodide. It then 
generates stable potentials when placed in contact with 
I-solutions. The long-term stability of the electrode were 
studied by direct periodically recalibrating in standard 
solutions (KI and air and distilled water) and calculating 
the response slope over the range of 1.0 × 10-5 to 1.0 × 
10-1 iodide ion. The slopes of the lectrode responses were 
reproducible to within 1.0 mV/decade over a period of 
2 months, but life time studies for more than this period 
have not been done. Therefore, the membrane electrode 
can be used for at least 2 months, without a considerable 
change in the response characteristics towards iodide 
ion. The electrode was stored in solution when not in 
use. The potentiometric response of the electrode was 
examined in the concentration range 1.0 × 10-7–1.0 
× 10-1 M. The calibration plots for iodide selective 
electrode are shown in Fig. 3, which show linearity over 
the concentration range of 1.0 × 10-6–1.0 × 10-1 M and 
with a detection limit of ≈7.0×10-7 M and sensitivity of 
55.2 ±0.9 mV/ decade of iodide concentration (n=6). 

The reproducibility and stability of the coated graphite 
electrode were evaluated by repeated calibration of 
the electrode in potassium iodide solutions. Repeated 
monitoring of potentials and calibration, using the same 
electrode for each carrier, over several days gave good 
slope reproducibility; the standard deviation of slope 
was 1.0 mV/decade. Repeated monitoring of potentials 
and calibration, using the same electrode for each carrier, 
over several days gave good slope reproducibility; the 
standard deviation of slope was 1.0 mV/decade, as 
given in Table 1. The standard deviation of 10 replicate 
measurements at 1.0 × 10-2 and 1.0 × 10-3 M iodide 
concentrations were between ±0.6 to±0.9 mV. Life time 
study was based on monitoring the change in electrode 
slope and linear response range with time.

Figure 1. Effect of pH on response of iodide selective electrode

Figure 2. Typical potential-time recorder trace of the electrode
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Figure 3. Application of the electrode based on IMT for 
potentiometric titration

of (A) 100 ml 1 ×10-3 M Ag+ with 0.1 M I- and (B) 
100 ml 1 ×10-3 M I- with

0.1	 M Ag+.

Table 1. Specification of iodide selective electrodes

Parameter Value

Electrode type Coated–graphite 
electrode

MTOAC /Carrier ratio 0.42

pH range 3 –10.5

`Conditioning time At least 18 h in 0.05 M 
KI

Linear range (I-, M) 1×10-6 - 1×10-1

Slope (mV/decade) 55.2

Detection limit (M) ~6×10-7

Standard deviation of slope 
(mV/decade) ± 0.9

Standard deviation of 
measurement

± 0.4 at 1×10-2 M
± 0.8 at 1×10-3 M

Response time (s) ≤ 6

Life time of the electrode
At least 3 months

Selectivity of the Electrode

The selectivity behavior is obviously one of the 
most important characteristics of an ion-selective 
electrode, determining whether a reliable measurement 
in the target sample is possible. In order to assess the 
selectivity of the proposed iodide ion selective electrode 
over other anions the method of fix interference 
method [FIM] and separate solution method [SSM] 
was employed.14,15 According to this method, the 
potentiometric selectivity coefficients, Kpot I, can be 
evaluated from the potential measurements on solutions 
containing a fixed concentration (0.01 M or 0.001 M) 
of interfering ion (respective potassium or sodium salts) 
and varying concentration of iodide ion in FIM and in 
SSM potential of different solution containing same 
amount of iodide or interfering ion (0.01 M). As can be 
seen, the electrode based on carrier has not shown the 
tendency toward the highly lipophilic anions such as 
ClO4

-, N3
-,Br-, NO3

-, and NO2
-.

Indirect Determination of Iodine-containing 
Drug

The proposed electrode was applied for the indirect 
determination of iodine containing drugs including 
iodiquinol (Jalinous Pharmaceutical Co, Tehran, Iran) 
and Levothyroxin (Iran Hormon Co, Tehran, Iran) as 
follow: 2 g of sodium were placed into an alkaline fusion 
tube and heated until all of the sodium was fused. Then 
an appropriate and accurately weighed amount of finely 
powder tablet (i.e., 0.1 g of 4 mixture tablet) was added 
to hot tube, and the resulting mixture was completely 
burned. The hot tube was immediately transferred into 
a beaker containing 25 ml distilled water. After cooling 
the reaction mixture was filtered and washed with water 
and diluted to mark in a 50 ml calibrated volumetric 
flask. The iodide released from the decomposition of 
drug was determined by potentiometric titration method 
using standardized silver nitrate, the proposed electrode 
as indicator electrode.

Direct Determination of Iodide-containing Drug

The resulting electrodes were applied to determine 
iodide in a drug preparation (Meglumine Compound 
Injection, from Darou Pakhsh Pharmaceutical Co., 
Iran; is an iodide containing drug used for protection 
from light and secondary X-rays). The sample was 
prepared by refluxing 1.0 ml of the drug preparation in 
concentrated sodium hydroxide solution in the presence 
of zinc powder for 30 min.16 After cooling, the reaction 
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mixture was filtered and washed with water three times. 
The filtrate was acidified with H2SO4 and diluted to 1 
with water. The iodide content of the resulting solution 
was determined potentiometrically by the standard 
addition method.

Conclusions
This iodide selective electrode based on IMT as 

new carrier can be used for determination of iodide 
in polluted and industrial samples. Due to the high 
mechanical resistance and durability of the coated-wire 
electrode, and low solubility of the carrier used, the 
proposed electrode can be used in flowing streams. The 
characteristics and the typical applications presented in 
this paper, make the electrode suitable for measuring the 
iodide content in a wide variety of samples, without a 
significant interaction from concomitant anionic species. 
The results show that there was a coordination interaction 
between iodide and the proposed carrier, which played 
an important role in the response characteristics and 
selectivity of the electrode.
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