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2-{[2-(4-chlorophenyl)-2-oxoethyl]sulfanyl}acetic acid (CSAA) was employed as a lipophilic
ionophore to form a selective complexation with Sm*? ions in preparation of a novel Sm*® ion selective
electrode with polymeric matrix. To achieve the most acceptable potential response, type and amount
of membrane composition was optimized. The electrode with membrane composition (w/w) of PVC:
30% (0.030 gr), CSAA: 2% (0.002gr), NaTPB: 2% (0.002gr) and NB: 66% (0.066 gr) demonstrated
the Nernstian behavior in widish concentration range of 1.0x107 and 1.0x10% M with the slope of
20.8+0.4 mV/decade and the lower detection limit of 7.4x10® M. The performance pH range of
designed electrode was 2.4 — 8.2 with the fast response time of ~ 5.0s. According to selectivity
coefficients which were obtained by KM™ (matched potential method); the electrode in present of
other interfering cation has an acceptable sensitivity toward Sm*? ions. In case of analytical application
such as both potentiometric titration and designation of Sm*® ions in blend of disparate ions, this
samarium electrode could be applied successfully as an indicator electrode.
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1. INTRODUCTION

The rare earth elements have wide variety of applications by using in manufactured goods [1].
Samarium is the Sixth element in the lanthanide series with atomic number 62. Because of its wide
application in various fields such as use in industry as an appropriate absorber and in CaF, crystals as a
doping element in order to manufacture of optical masers and lasers, and etc.; therefore, it is sincerely
important to choose such a method which including good sensitivity and selectivity, accuracy, fast
working time, and affordable [1, 2]. Among Different techniques which have been proposed to
determine the samarium ion in aqueous solutions the potentiometric technique based on ion selective
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electrodes due to its excellences including selectivity, working fast and simple, economical, the
accuracy response in widish working ranges and etc. are frequently used as admissible analytical
method [3-8].

In accordance to reports there are some researches on lanthanide ion selective electrode [9-34].

A new ion selective electrode has been introduced for samarium ion in present work. Due to
potentiometric  studies because of selective interaction of 2-{[2-(4-chlorophenyl)-2-
oxoethyl]sulfanyl}acetic acid (CSAA) (Fig. 1), with samarium ions, it can be a good active material
for applying as carrier ion in a new samarium ion selective electrode.

S
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Figure 1. Molecular structure of CSAA.

2. EXPERIMENTAL

2.1. Reagents

The reagent grades of high relative molecular weight PVC, sodium tetraphenyl borate
(NaTPB), nitrobenzene (NB), acetophenone (AP), dibutyl phthalate, (DBP), benzyl acetate (BA),
tetrahydrofuran (THF) and Nitrate and chloride salts of all cations were purchased from Merck
Chemical Co. and used without any further modification. Moreover, deionized distilled water was used
during all experiments.

2.2. Synthesis of 2-{[2-(4-chlorophenyl)-2-oxoethyl]sulfanyl}acetic acid (CSAA)

In order to synthesize the 2-{[2-(4-chlorophenyl)-2-oxoethyl]sulfanyl}acetic acid first, a
mixture of 2-thiole acetic acid (0.005 mol) and sodium hydrogen carbonate (0.012 mol) in acetone 10
mL, was added to a solution of 2-bromo(p-chloro)acetophenone(p-chloro phenacyl bromide) (0.005
mol) in acetone 5 ml slowly. Then, the result mixture was stirred at room temperature for 2 h, during
this time the residue solid NaBr was formed. Next, the resulting solid was filtered and the solution was
adjusted to pH 6-7 with acetic acid, and concentrated in vacuum. Finally, the residue solid material
was filtered and washed with water and recrystallized from ethanol to produce pure compound CSAA.
Yield: 76%; [Found: C, 48.95; H, 3.69; S, 12.89%. C;oHeCIO3S requires C, 49.08; H, 3.71; S,
13.10%]; v max(KBr) 3495, 3036, 1695, 1626, 1336, 1321 cm™; &u(ppm)(CDCls) 3.31 (2H, s, CHy),
3.58 (2H, s, CH,), 7.35-7.74 (4H, dd, CgH,), 10.21 (1H, s, OH); MS(m/z) M", 244 (100%), (M+2)",
246 (31%).
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2.3. Electrode preparation

The sufficient amount of membrane ingredients containing plasticizer as a solvent mediator,
CSAA as a sensing element, NaTPB as an ionic additive, PVC as a polymeric matrix in order to
preparation of the PVC membrane electrode were blended and dissolved in 3-4 mL of THF. The
resulting mixture was evaporated slowly to obtain an oily concentrated blend. In order to form a
transparent membrane of about 0.3 mm in thickness a Pyrex tube (3-5 mm i.d.) was dipped into the
membrane solution for about 5 s. after removing the tube from the solution, it was kept at room
temperature for at least 12 h. then, it was filled with internal filling solution (1.0 x10 mol L™ SmCls)
and conditioned for 24 h by soaking in 1.0 x10™ mol L™ SmCl; solution. A silver/silver chloride
coated wire electrode was applied as an internal reference electrode [35-68].

2.4. EMF measurements

In order to electromotive force (emf) measurements the following cell assembly was applied:
Ag-AgCl| 1.0 x 10—3 mol L—1 SmCl3 | PVC membrane: test solution |Hg—Hg,Cl,, KCI (satd).
A Corning ion analyzer 250 pH/mVmeter was employed for the potential measurements at 25.0

°C. Activities were calculated according to the modified Debye—Hiickel approximation equation (1):
1/2

logy =-05117%| — % 0.2 1
g7 [1"‘1-5#1/2 ,U} (1)

3. RESULTS AND DISCUSSION

Choosing the best selective ionophore is the major problem in the field of lanthanide
potentiometric membrane sensors. Although the lanthanide series are rather similar, but due to their
different radii of the lanthanum ions (1.02 to 0.80°A from Ce** to Lu®*") they show the different
properties, such as charge densities and hydration energy over the range of 3370 to 3760 kJmol™ from
Ce®* to Lu®*" [69]. However, using the ionophore with the properties such as high flexibility, and
containing semi cavity, heteroatoms (N, O and S as donor atoms) is the reasonable way to design a
selective electrode for the different lanthanide ions which would be able to form a template with
reference easily to the size of the cation [70]. Additionally, these material that use as an ionophores,
could form complexation with one of the lanthanides than the other ones with the optimum free
energies. This event can be ascribing to various items such as flexibility; number, type and site of its
donor atoms; size and the charge density of the lanthanides. Due to presence of oxygen and sulfur
atoms in the molecular structure of CSAA, it was expected to enhance both the permanence and
selectivity of its complexes with transition and heavy metal ions (especially with lanthanide ions). To
assessment the role of CSAA as a selector material for diverse metal ions, it was employed as
ionophore to make ready a several PVC-membrane ion-selective electrode for a large number of metal
ions. In accordance to the results, except for Sm** ions, in all other cases the Nernstian slopes of the
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sensor are much lower than the expected. This observation is most probably due to the proper size of
Sm*" ion to the semi cavity of flexible CSAA.

3.1. The membrane composition influence

In consideration of the fact that the nature and amount of the membrane ingredients such as
ionophore, plasticizer, ionic additive, and polymeric matrix have consequential impress in the
electrode responses [71-90], the effect of membrane components were investigated on the response of
Sm* ion selective electrode. Due to the obtained results, among four different plasticizers,
nitrobenzene (NB) owing to efficacy of its dielectric constant on the membrane phase which help to
movement of ionophore and better extraction of the samarium ions, show the best potential response
and near Nernstian slope. Moreover, the suitable amount of lipophilic anions additive such as NaTPB
in cation selective electrode leads to step down the ohmic resistance and rapid extraction of Sm** ions
from the watery solution to the membrane phase. According to Tablel the membrane composition of
PVC: 30%, CSAA: 2%, NaTPB: 2% and NB: 66% (no. 1) show the best Nernstian behavior of
electrode.

Table 1. Membrane compositions optimization

CSAA  Plasticizer NaTPB
1 2 NB, 66 2 30 20.8+£0.4 1.0 x107-1.0 x10™*
2 2 AP, 66 2 30 18.4+0.3 1.0 x10™°-1.0 x10™
3 2 BA, 66 2 30 17.3+0.2 1.0 x10™-1.0 x10™
4 2 DBP, 66 2 30 16.7+0.3 1.0 x10™-1.0 x10™
5 2 NB, 68 0 30 13.6 0.6 1.0 x10™°-5.0 x10™
6 2 NB, 67 1 30 17.5+0.5 1.0 x107-1.0 x10™
7 2 NB, 65 3 30 18.3+0.4 1.0 x107-1.0 x10™*
8 1 NB, 67 2 30 17.2+0.3 1.0 x10™-1.0 x10™
9 3 NB, 65 2 30 18.9+0.5 1.0 x10-1.0 x10™"

3.2. Calibration graph

The optimized Sm*® electrode displays potentiometric behavior over a rectilinear range from
1.0x107 to 1.0x10> M with the calibration curve slope equal 20.8£0.4 mV/decade of Sm*" ions
concentration (fig. 2). The detection limit of the electrode, where the electrode starts to loose
sensitivity toward the primary ion and deviate considerably from a Nernstian behavior and that was
determined by intersection of the two extrapolated linear calibration graph, was 7.4x 108 M.
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Figure 2. Calibration curves of the CSAA -based samarium electrode.

3.3. The pH effect

The potential response of Sm*®electrode was studied for different pH values to determine the
applicable pH range in which the potential remains constant. In order to do this, the potential was
measured by adding the amount of HCI and NaOH in 1.0 x 10~°M of samarium solution during the pH
range of 1-11. According to given results which are shown in Fig. 3 the designed electrode can work
independently from the activity Changes of HsO" ion in the widish pH range of 2.4 — 8.2. The
observed drift in potential behavior of electrode at pH higher than 8.2 is attributed to the formation of
some hydroxyl complexes of Sm*" ions and diminish the free concentration of the Sm* ions in the
solution which lead to decrease the response of the sensor. On the other hand, by decrease the pH
values to less than 2.4 the increase in potential response was observed. This phenomenon due to
protonate the heteroatoms of ionophore and reduce the sensitivity of electrode toward Sm*® ion which
cause to responds to the H3O" ion in the solution.
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Figure 3. the effect of pH on the potential response of the Sm** sensor.
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3.4. Dynamic response time

In order to calculate the dynamic response time, the mean of demanded time to attain a
potential within £0.1 mV of the final steady-state potential was measured by applying the various
concentrations of Sm*? solutions from the lower (1.0 x 10”7 mol L") to the higher (1.0 x 10 mol L")
concentration. Conforming to Fig. 4, which is shown the actual potential versus time, electrode

responds within about 5 s.

Figure 4. Dynamic response time of the samarium electrode for step changes in the Sm®'
concentration: A) 1.0x107 M, B) 1.0x10° M, C) 1.0x10° M, D) 1.0x10* M, E) 1.0x10?
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3.5. The sensor selectivity

Table 2. Selectivity coefficients of the developed Sm** electrode

A

0 10 20 30 40 50 60 70 80 90 100110120 130140150 160

t (sec)

Dy** 5.4 x 10 Pb** 5.7 x 10
Lu®* 2.2x10° Hg** 2.1x10*
Yb** 35x 107 NiZ* 3.2 x 10™
Er* 5.7 x 10 Co?* 1.0 x 10
Gd* 6.3 x 10 Cd* 7.1x 10"
Ho** 2.5x 107 Zn** 1.0 x 107
m* 5.8 x 107 ca®t 3.0x 10°
La®* 3.2x10°3 Ba** 2.2 x10°
Nd* 2.8x10° Na* 7.5 x 10
cr* 47 %107 K* 8.8 x 10
Fe* 5.4 x 10
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To investigate the sensitivity of proposed electrode toward Sm*? ion, the selectivity coefficients
of the sensor into variety of cations were studied by Matched potential method (MPM) [91-114]. The
matched potential method selectivity coefficient, K™ is then given by the resulting primary ion to
interfering ion activity (concentration) ratio, KM™ = aa/ag, where a, is the initial primary ion (A)
activity and ag the activity of interfering ion (B).

As seen in Table. 2 the obtained KM™ for monovalent, divalent, and trivalent cations are
relatively small, which indicate the high selectivity of developed electrode toward samarium ions.

Table 3 shows the analogy of the KM lower detection limit, linear range, and response time
of the proposed Sm** sensor with those of the previously reported samarium sensors. It is obvious, the
selectivity coefficients of the electrode for majority of cations is superior to those reported for the
samarium ion-selective membrane electrodes [5, 6].

Table 3. Comparison of various samarium electrodes

LR (M) 1.0x107°-1.0x10™" 1.0x107°-1.0x10™" 1.0x107"-1.0x10*
DL (M) 6.0x10"’ 3.1x10°° 741077
Response time (s) <10 ~20 ~5
pH range 4.0-8.0 4.0-7.0 2.4-8.2
Slope 19.8 19.4 20.8
(mV/decade)
Log Kge>-2 - Gd, Ce, La, Cu, Pb -
Mg, Zn, Cd, Ni, Co, Ag

3.6. Analytical application

In accordance with the titration curve which is shown in Fig. 5 the samarium electrode
illustrated the acceptable role as an indicator electrode to monitoring the amount of samarium ions in
the potentiometric titration of SmCls solution (1.0x10™* M) with EDTA (1.0x107> M).

0 0.1 0.2 0.3 0.4 0.5
V(EDTA),mL

Figure 5. Potential titration curves of 20.0 mL Sm(III) solution (1.0x10™*M) with EDTA (1.0x10% M).
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This electrode was also applied to the determination of the fluoride ions in mouth wash
solutions. The resulting data in Table 4 indicate that the accuracy of the Sm*' ions detection in
different sample solutions is almost quantitative.

Table 4. Determination of fluoride ions in mouth wash solutions

Sample Labeled (ng mL™)  Found ISE* (mg mL™)
Sodium fluoride mouth wash
solution L35 (1.39° + 0.04)
(Aquafresh, Brentford, U.K.)
Sodium fluoride mouth wash L 45 (1.47° + 0.03)
solution

(Eurodont, DuroDont GmbH)
a. Proposed Sm®" sensor
b. Results are based on three measurements

4. CONCLUSION

Due to tendency of 2-{[2-(4-chlorophenyl)-2-oxoethyl]sulfanyl}acetic acid (CSAA) to form
complexation with Sm* ions in comparison of many other cations, CSAA was used as a selective
ionophore for Sm*® ions to fabricate a new potentiometric ion selective electrode. The electrode could
apply over the widish linear range of 1.0x107 to 1.0x10% M. The designed electrode showed
independent potential behavior toward the changes of H3O" ions activity in pH range of 2.4-8.2.
Moreover, the dynamic response time was estimated circa 5 s. according to the selectivity coefficients
of electrode for various cations which was investigated by match potential method, the influence of
interfering ions to the Sm*® electrode response is negligible. Eventually, the proposed electrode was
used as an indicator electrode in determination of Sm (I11) ion to show the Accuracy of the electrode.
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