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PVC-membrane electrodes for Ag+ based on either 18-crown-6 (I) or di-benzo-18-crown-6 ether (II)

were applied for the first time. The effect of solvent mediator on the electrode performance was discussed.

Nernstian slope values were 59 and 58.9 mV/decade for both I and II electrode types, respectively. The

linear concentration range was 10−5-10−1M. The detection limit was 7.9 × 10−6 M. The working pH

ranges were 5-9 or 4-9, depending on the concentration of Ag+ ion. The electrodes showed good selectivity

towards most of the common alkali, alkaline earths, and transition metal cations. The electrodes were

applied successfully for the determination of silver in photographic wastewater and alloys that are part

of railway engines. The recovery range was 96%-100%, and the relative standard deviation was (0.95-2.7)

for n = 4. The obtained results were compared to those of an atomic absorption spectrophotometric

method.
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Introduction

Many ionophores and chelating agents were applied for preparing silver selective electrodes. Among them are

calixarenes such as calix-4-arene1,2 and calix-6-arene.3 Some other chelating agents were also applied for the

preparation of ion-selective electrodes like sulfanyl benzoic acid,4 and 5,10,15-tris(pentaflourophenyl)corrole.5

It is well known that crown ethers work as chelating agents for many cations. The crown-ether

complexes have been extensively applied to different metal cation-selective electrodes.6,7 Several types of

crown ether-metal were previously used to prepare Ag+-selective electrodes. Of them are dibenzo-16-crown-

5,8 azathioethers crown containing 1,10-phenanthroline unit,9 14-membered thia-crown ether,10 macrocyclic

dithia-crown ether,11 16-crown-5,12 15-crown-5,13 15-crown-6,14 14-crown-4,15 and hexathia-18-crown-6.16
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In the present work, an extension of the studies about crown ethers as ionophores for Ag+-selective
electrodes will add some information about their behavior, especially selectivity and sensitivity. Accordingly,

18-crown-6 ether and its dibenzo-derivative were tried for Ag+-selective electrodes. The present electrodes

were advantageous, since Hg2+ did not show any interference with the measurements like that for 16-crown-

5.12 In addition, they are characterized by small selectivity coefficient values. They showed a wider linear

range and working pH range (10−1-10−5M and 4-9 pH) than those for hexathia-18-crown-6 (3.2 × 10−3-6 ×
10−6M and 2-7.5 pH).16 Their response times were the same. They can be applied easily to actual samples

containing silver.
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Figure 1. 18-Crown-6 (I) and dibenzo 18-crown-6 (II) ethers.

Experimental Section

Reagents and materials

18-Crown-6 (18CE6) (Fluka), and dibenzo 18-crown-6 (DB18CE6) were the main ionophores for preparing

the membranes. The plasticizers were dioctylphenylphosphonate (DOPP) (Aldrich), dioctylphthalate (DOP)

(Fluka), or nitrophenyl octylether (NPOE) (Fluka). Polyvinylchloride (PVC) (Fluka) was the membrane

matrix. The membrane components were dissolved in tetrahydrofuran (THF) (Fluka). To perform the

selectivity studies, analytical-reagent grade nitrates of Na+, K+, NH+
4 , Ag+, Ni2+, Hg2+, Cu2+, Zn2+,

Co2+, Cd2+, Fe3+, Sr2+, Mg2+, Ca2+, and Al3+ were used.

To prepare silver 500 mg/L stock solution, 0.787 g of dried silver nitrate (Aldrich) was dissolved

in bi-distilled water containing 1 mL of concentrated HNO3. The solution was made up to the mark
in a 1-L standard flask and stored in amber light bottles in a dark place. The solution was standardized
amperometrically against 0.01 N standard KCl solution. Less concentrated solutions were obtained by careful
dilution of the standard stock solution using 0.1 M NaNO3. Double distilled water was used throughout.

Equipment

The potentiometric/pH-measurements were carried out (at 25 ± 1 ˚C) on a digital pH-meter (model 5986)

Cole-Parmar (sensitivity ± 0.1 mV) coupled with a channel selector. The atomic absorption measurements

were performed using a Perkin-Elmer spectrometer (model 2380).
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Electrode preparation and potentiometric measurements

The electrode construction depends mainly on the membrane constituents. The membrane composition was

1% (w/w) ionophore [either 18CE6 (I), or DB18CE6 (II)], 33% (w/w) PVC, and 66% (w/w) solvent mediator

(DOPP, DOP, DDP, or NPOE). These components were dissolved in distilled THF and poured into glass

rings of 24 mm i.d. resting on a glass plate. After solvent evaporation, the obtained membrane was cut

out into disks of 7 mm i.d. The membrane disks were mounted in electrode bodies (Type IS 561, Philips,

Eindhoven, Netherlands) for potentiometric measurements. After electrode adjustments, it was soaked for 24

h in 10−2M solution of AgNO3. The electrode body was filled with the inner filling solution [AgNO310−3M

+ NaNO3 10−1M].

The potentiometric measurements were carried out in the presence of 0.1 M NaNO3 using the

procedure described previously.17 The cell potential was recorded corresponding to each Ag+-concentration.

A calibration graph has been constructed for the cell potential versus –log [Ag+]. The following is a

representation of the cell assembly:

Ag-AgCl Double Junction Reference || Sample solution || Membrane | Inner filling |
Ag-AgCl

The potentiometric selectivity coefficient (KPot
Ag+,XZ+) values for different common cations were ob-

tained by the separate solution method18 (10−3 M solutions for both silver and interferent). The pH

adjustments of the tested solutions to the electrode optimum pH value were achieved with 0.1 M NaOH or
0.1 M HNO3.

Preparation of silver samples

Samples (0.1 g) from the piston pin and carrier alloy from the turbocharger of EC, C, F, FB, and 710 General

Motors-series engines (Egyptian Railway) were taken. Each sample was completely dissolved in 10 mL of

hydrochloric acid (1:1) by heating on a water bath. Then it was added to a minimum volume of (1:1) HNO3.

The mixture was boiled to remove oxides of nitrogen.19 The mixture was cooled, transferred to a 50-mL
volumetric flask, and diluted with deionized water. Then the pH was adjusted to 5-8 with 0.1 N NaOH.

Photographic wastewater samples were collected from several local photographic studios. Then 5 mL
of each water sample was treated with drops of nitric acid and diluted to 50 mL in a calibrated flask. Finally,
it was adjusted to pH 5-9 using 0.1 N NaOH.

Determination of silver by Flame AAS

The samples and the standard solutions should contain 5% (v/v) HNO3 to keep Ag+ in solution. The

interferences from bromide, chromate iodate, iodide, permenganate, and chloride precipitation of silver could

be eliminated using a 5% acetic acid solution. Standard atomic absorption conditions for silver measurement
were applied at wavelength 328.1 nm and with an air-acetylene flame.

Determination of silver by ISE

Sample solutions (50 mL) were filtered and transferred to a 100-mL beaker. Then it was adjusted to the

optimum electrode pH range 5-9. The electrode set comprising either Ia or IIb electrodes in conjunction
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with the reference electrode was dipped into the sample solution. The potential reading of the resulting
solution was referred to a previously prepared calibration graph for silver in the presence of 0.1 M NaNO3

for ionic strength adjustment. The obtained results were compared to those given by air acetylene flame
atomic absorption spectrometer detected at a wavelength of 328 nm.

Results and Discussion

Effect of membrane composition

Both 18-crown-6 ether (18CE6) and the dibenzo-18-crown-6 ether (DB18CE6) were tried as ionophore (ion-

carrier) for preparing silver PVC membranes with different plasticizers. Three types of plasticizers were

used, namely diester types (DOP, DOS, and DDP), ether type (2-NOPE), and phosphonate type (DOPP).

The plasticizers constitute the major component, approaching 66.0% by weight of membrane composition,
which ensures the mobility of the free and complexed ionophores, sets the dielectric constant, and provides
suitable mechanical properties of the membrane.

Table 1 shows the characteristics of Ag+-selective type-I electrodes incorporating different plasticizers.

It can be observed that 18CE6 plasticized with DOPP (Ia electrode) gives a linear range of 5 × 10−5-10−1

M together with a slope value of 52.98 mV/decade. The best Nernstian slope (59 mV/decade) was recorded

when DDP-plasticizer (Id electrode) was used, although the linear range was short (10−3-10−1 M). The

lowest value of the Nernstian slope was found when DOP and NPOE (electrodes Ib and Ic) were used. This

is because the solvent interaction affects the stability of the formed complexes.20

Table 1. Response characteristics of silver electrodes based on (18CE6) (I) and (DB18CE6) (II) incorporating

different solvent mediators.

Electrode Solvent Slope, Linear Detection Correlation
type mediator mV/decade (n = 3) range, M limit, M coefficient, R2

I-a DOPP 52.98 5 × 10−5-10−1 1.5x10−5 0.997
I-b DOP 37.9 10−4-10−1 10−5 0.998
I-c 2-NPOE 44.9 10−4-10−1 10−5 0.9999
I-d DDP 59 10−3-10−1 10−4 0.9999
II-a DOPP 57.98 5 × 10−5-10−1 1.5 × 10−5 0.9994
II-b DOP 58.9 10−5-10−1 7.9 × 10−6 0.9997
II-c 2-NPOE 46 10−4-10−1 7.9 × 10−5 0.9998
II-d DDP 52.5 10−3-10−1 3.98 × 10−4 0.9976

When DB18CE6 was used, the best value of the Nernstian slope (58.9 mV/decade) was observed

for the IIb electrode. The linear range was wider (10−5-10−1M) than those for the Id and IIa electrodes,

although they have suitable Nernstian slopes (59 and 57.98 mV/decade). In addition, the IIc electrode

showed a non-Nernstian slope (46 mV/decade). Table 1 shows the obtained results.

The life span of the IIb electrode was checked practically in a comprehensive way using a procedure

explained in an earlier work.6 The obtained calibration graphs reveal that 1 day is enough for the electrode

conditioning. The recorded slope value was 58.9 mV/decade within a linear range of 10−5-10−1M. After

1 week a small decrease in the slope was observed (55.1 mV/decade), and the linearity range was 3.98 ×
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10−5-10−2 M). However, they still have their practical Nernstian response and almost the same linearity

range. The life span of electrodes extends up to 1 month. Table 2 shows the obtained results.

Table 2. Effect of soaking on the response of IIb electrode for silver.

Soaking time Slope, (mV/decade) Linear range, M Detection limit, M Correlation
coefficient, R2

1 h 52.8 5.6 × 10−5-10−1 3.98 × 10−5 0.9996
1 day 58.9 10−5-10−1 7.9 × 10−6 0.9997
7 days 55.1 4.98 × 10−5-10−1 3.8 × 10−5 0.9993
30 days 50.98 3.98 × 10−5-10−1 2.5 × 10−5 0.9984

The potential-time curves of the Ia and IIb electrodes are shown in Figure 2. The response time

of the electrodes was calculated according to the IUPAC definitions of ion selective electrodes.18 Twenty-

four seconds are sufficient to reach to the steady state potential value (within 1 mV), whatever the Ag+-

concentration (10−1-10−6 M).
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Figure 2. Dynamic response of silver-selective electrodes based on 18-crown-6 ether (Ia) and dibenzo 18-crown-16

ether (IIb).

The pH effect of the measured solution was also studied. Figure 3 shows the potential variations with
the pH changes for the IIb electrode. The 2 types of membrane behave similarly toward the pH changes.

The decrease in potential is markedly observed at pH 1-4 for 10−2M and 10−3M Ag+ solutions. In the case

of 10−4M Ag+, the large potential drops occur at pH 1-5. In other words, the plateau potential is observed

at pH 4-9 for 10−2 M and 10−3M Ag+ and at pH 5-9 for 10−4M Ag+. This agrees with the precipitation

pH of AgOH (pH 9).
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Figure 3. Effect of pH changes on the potential response of silver ion selective electrode (IIb) based on dibenzo

18-crown-6.

Electrode selectivity

Table 3 shows the selectivity coefficient values for both the Ia and IIb electrodes. For the IIb electrode
the selectivity coefficient values are between -1.96 and -2.91 for all of the divalent cations. The transition

metals of the same Ag-group (Hg2+and Cu2+) did not interfere (log Kpot
Ag+,jz+ values are -2.33 and -2.40).

The non-interfering cations are observed to have ionic radii between 0.51 Å for Al3+ and 1.12 Å for Sr2+.

All of them are divalent or trivalent cations (different charge). Their smaller ionic radii result in a loose

bonding with the crown ether. The stronger interfering cations are mostly monovalent (similar charge to

Ag+). They have larger ionic size (e.g., K+= 1.33 Å and NH+
4 = 1.43 Å) than Ag+ = 1.26 Å. The same

conclusion was observed for the Ia electrode, but with an improved selectivity coefficient values for all the
tested monovalent cations. This is because the silver ion is more bonded to crown ether than its dibenzo
derivative, due to the smaller polarity of the dibenzo18-crown-6.21

Determination of Ag+ in developed photographic plate wastewater and piston

pin carrier alloy

Samples of alloys taken from parts of railway engines, piston pin turbochargers, and photographic wastewa-

ter were analyzed with both Ia and IIb electrodes. The mean recovery range was 97%-100% for the analyzed

samples (5.3-12.0 ppm). The relative standard deviation values are in the range 0.95%-2.7% for 4 determi-

nations. The same samples were analyzed by the method recommended by the AAS.19 The obtained results
agreed with those of the present ISE method, which ensures the validity of both electrodes for analysis.
Table 4 shows the obtained results.
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Table 3. Selectivity coefficient Kpot
Ag+,jz+of silver selective electrodes with membrane (type Ia), (type IIb).

Interferent
log Kpot

Ag+,jz+

Type Ia Type IIb
1. Na+ -1.24 -0.48
2. K+ -1.43 0.27
3. NH+

4 -1.07 -0.63
4. Mg++ -2.61 -2.46
5. Ca++ -2.58 -2.96
6. Sr++ -2.59 -2.91
7. Hg++ -2.43 -2.33
8. Mn++ -2.38 -1.96
9. Cd++ -2.09 -2.21
10. Cu++ -2.24 -2.40
11. Co++ -2.53 -2.45
12. Ni++ -2.05 -2.72
13. Fe+++ -1.63 -2.45
14. Zn++ -2.52 -2.70
15. Al+++ -3.22 -2.79

Table 4. Determination of silver in various samples using silver electrodes with membrane types Ia and IIb.

AAS method ISE method ISE method
Membrane type Ia Membrane type IIb

Samples Silver Mean Silver Mean Silver Mean
found, recovery, RSD* found, recovery, RSD* found, recovery, RSD*
ppm % % ppm % % ppm % %

Piston carrier
turbocharger 11.0 98.9 0.9 10.6 96.0 1.3 10.7 97.0 2.1
(Railway engine)
Piston pin
Turbocharger 12.0 99.1 1.3 11.5 96.0 1.7 12 100.0 1.03
(Railway engine)
Photographic 5.3 99.5 0.97 5.1 96.2 2.7 5.2 98.0 1.00
wastewater 9.5 99.0 1.41 9.3 98.0 0.95 9.3 98.0 1.5
*Relative standard deviation (4 determinations)

Conclusion

In this work, 2 conclusions can be drawn. The first is that the neutral ionophores 18-crown-6 and the dibenzo-

18-crown-6 like previously tried crowns6−16 behave Nernstianly toward Ag+. The presented electrodes
showed wider linearity and pH ranges. The second conclusion is that the selectivity coefficient values toward

the tested monovalent cations are better for the Ag+-electrode based on 18-crown-6 ether (I) than for an

electrode based on its dibenzo derivative (II). This represents an improvement for the electrode properties.
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