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 NOVEL silver ion selective membrane electrode which was 

based on a newly synthesized N-(2-acetylthiophene) 

salicylicdeneimine (ATS) by the reaction of  2-acetyl thiophene with 

2-aminophenol at 60ºC in ethanol by using ultrasound irradiation.     

ATS was characterized by elemental analyses, FTIR, MS and 1H-

NMR.The best performance was obtained for the membrane of 

composition (ATS): PVC: DOS in the ratio 1:33:66 wt %. The sensor 

shows a linear potential response for Ag+ over a wide concentration 

range 6.0 x 10-8 -1.0 x 10-1 M and detection limit 4.36 x10-8 with 

Nernstian slope (57.93 mV decade-1 of activity) between a wide pH 

range (3.0-10) and a fast response time of 10s. The selectivity 

coefficient values were calculated with separate solution method, 

which indicate good selectivity of Ag+ ion. The sensor has a lifetime of 

five weeks and could be used as an indicator electrode in the 

potentiometric titration of Ag+ vs. stander solution of NaCl and in the 

estimation of Ag+ in photographic solutions and medical X-ray 

samples.  

 

Keywords: Poly vinyl chloride (PVC), N-(2-acetylthiophene) 
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Nernstian slope. 

 

 

Silver (I) ion has been used in a wide range of products such as electronic 

products, alloys, jewelry and photographic film. Also due to its antibacterial 

effect, accelerating would healing and anti-inflammatory properties, silver and its 

compounds have been applied in the medical and health care field 
(1) 

. Silver salts 

have also been used to disinfect water used for drinking and recreational 

purposes, in dental and pharmaceutical antibacterial 
(2)

. However, it is also well 

known that silver inactivates sulfhyldryl enzymes, combines with amine, 

imidazole and carboxyl groups of various metabolites. It has been found that an 

excess of silver is toxic to fish and microorganisms at a concentration as low as 

0.17µg/l 
(3)

. Thus, the increasing use of silver compounds in industry and 

medicine has resulted in an increased silver content of environmental samples. 
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On the other hand, superfluous silver and its compounds have toxic effect on 

both human and animal health. Consequently, determination of the trace amount 

of silver ions in samples is necessary. Several techniques such as atomic 

absorption spectroscopy
(4,5)

 inductively coupled plasma mass spectroscopy
(6-9)

 

and flow injection analysis
(10,11)

 are used for its determination at low 

concentration level. 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 response, ease of preparation, low cost, possibility 

of using in complex and color media, wide linear dynamic range, relatively low 

detection limit, and adequate selectivity for most  analyses 
(12)

. Thus, a number of 

Ag(I) sensor based on  crown ethers
(13-15)  

calix[4]arene derivatives
(16-18)

, bis-

pyridinetetramidemacrocycle
(19) 

bis(dialkyldithiophosphate) derivative
(20) 

and 

bis(thiothiazole)derivative
(21)

 Schiff bases
(22, 23) 

in PVC have been reported. It is 

well known that the soft heavy metal ions, Ag (I), Pb (II) and Hg (II) display 

great affinity for soft coordination centers like sulfur and nitrogen. By using 

ionophores containing sulfur and nitrogen atoms in ion selective electrodes, the 

electrode are sensitive to soft heavy metal ions and the selectivity for soft heavy 

metal ions against alkali metal ions is significantly increased 
(24)

. In this study, we 

utilized N-(2-acetylthiophene) salicylideneimine (ATS) ionophore, as  Schiff 

base selective carrier for silver ions. The results obtained with (ATS) based on 

silver electrodes showed high selectivity coefficients for silver ion over all the 

studied alkali, alkaline, transition ions and heavy metal ions. 

 

Experimental 

 

Equipments 

Elemental microanalyses of the separated Schiff base for C, H, N and S were 

performed in Main Defense Chemical Laboratory, Almaza, Cairo, Egypt. The 

FTIR spectra (400 – 4000 cm
-1

) of the compound was recorded as KBr discs 

using a Shimadzu 8000 FTIR spectrometer at the central laboratory, Ain Shams 

University, Cairo, Egypt. 
1
H-NMR spectra recorded using a Varian spectrometer, 

300 MHz in Main Defense Chemical Laboratory. All potentiometric 

measurements were performed at room temperature using pH/mV meter [Orion 

model A 720], double junction Ag/AgCl reference electrode [Orion model 90-02] 

containing 10% KNO3 in the outer compartment. Combination glass electrode 

[Orion model 8-02] was used for all pH measurements. 

 

Ag/AgCl / internal solution (1mM NaCl in acetate buffer pH=4.0)/ PVC 

membrane / test solutions / AgCl, Ag 

 

Reagents and materials 

2-acetylthiophene was obtained from Merck, and 2-aminophenol was 

obtained from Aldrich (USA). Solvents and reagents were purified and dried by 

distillation. High molecular weight poly vinyl chloride (PVC), 2-ethyl sebacate 

(DOS), potassium tetrakis (4-chlorophenyl) borate (KTpClPB) and 
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tetrahydrofuran (THF), o-nitrophenyloctylether (O-NPOE), dioctylphthalate 

(DOP) were obtained fluke (Ronkonkoma, NY). All other reagents used as 

purchased without further purification. Deionized water was used in the 

preparation of buffer solutions. 0.1 M stock solutions were prepared by 

dissolving AR grade metal nitrates solution in buffer solutions and standardized 

wherever necessary. The working solutions of different concentration were 

prepared by stock solution. 

 

Syntheses of N-(2-acetylthiophene)salicylideneimine Schiff base (ATS) 

The ligand was synthesized by slow addition of 2-acetylthiophene (0.33 ml, 3 

mmole) in 30 ml ethanol to 2-aminophenol (0.327 gm, 3 mmole) in 30 ml 

ethanol. The reaction mixture was heated to reflex at 60

C and subjected to 

ultrasound irradiation to for 2hr. The brown product obtained after cooling was 

filtered off and washed with few amounts of ethanol then diethylether. Fine 

crystals were obtained by recrystallization from hot ethanol. The yield was 

(0.526gm, 74.60 %), m.p. (157-159ºC). 

 

Anal. Calcd. For C12H11NSO: C, 66.36; H, 5.07; N, 6.45; S, 14.75.Found: C, 

66.40; H, 4.87; N, 6.60; S, 14.60%. Infrared spectrum (cm
-1 

KBr disk); 3304 (v.s) 

(νOH, phenolic), 3054(s)(C-H,Ar.);2958,2851(v.s)(C-Hasym.&sym.,Aliph.);1602 (s) 

(νC=N, azomethine);1141 (s) (νC-O, phenolic); 1467(m) (C=C, Ar.); 743(v.s) (C-S, 

thiophenolic).  

 

(
1
H-NMR, DMSO-d

6
, ppm); δ 3.172 (s, 3H, CH3), 6.358 – 6.986 (m,4H, Ar-

H), 7.365 – 7.722 (m, 3H, thiophene protons), 8.879 (s, 1H, OH). MS (m/z, %); 

217 (M
+
, 70.4); 57 (100), 69 (65.17), 76 (12.36), 82 (12.36), 94 (60.67), 107 

(76.40), 134 (61.80), 175 (64.04), 175 (64.04), 187 (60.67) and 202 (65.17). The 

reaction for the formation of (ATS) is illustrated in Scheme 1. 
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Scheme 1. Schematic representation for the formation of Schiff base ligand, (ATS). 
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Membrane preparation 

The PVC based membranes were prepared as described elsewhere
(25)

, by 

dissolving appropriate amounts of Schiff base (TAS), anion excluder 

KTpClPB, solvent mediators 2-nitrophenyloctylether (NPOE), dioctyl 

phthalate (DOP), 2-ethyl sebacate (DOS) and appropriate amount of PVC in 

THF (2mL). After complete dissolution of all the components and thorough 

mixing, the resultant cocktail was transferred to a glass ring placed on a glass 

plate. Membranes were formed after controlled evaporation of THF at room 

temperature overnight. A flexible, transparent membrane of a thickness of     

~ 0.2–0.4 mm was obtained. The discs of 7 mm diameter were cut using a 

cork borer, and then were glued to a PVC tip which was clipped to the end of 

the electrode body. The PVC membrane electrodes were pre-conditioned by 

immersion in a 1 mM NaCl for at least 24 hr prior to use. Membranes of 

different compositions were prepared and investigated. Those, which gave 

reproducible results and best performance characteristics, were selected for 

detailed studies. The optimum compositions of best performing membranes 

are given in (Table 1).   

 

Sample pretreatment 

The waste photographic and medical x-Ray films solutions were prepared 

for the measurement of their silver content as follows. 20 ml of the sample 

was added to 10 ml of 3 M nitric acid and 40 ml distilled water. The solution 

was boiled for 1 hr. min until its volume was reduced to half of its original 

values. The resulting solution was neutralized with sodium hydroxide 

solution to a pH 4.0, and filtered. The filtrate and washings were diluted to 

100 ml in a volumetric flask with acetate buffer pH 4.0 and used for 

potentiometric and atomic absorption measurements. A portion of the film 

sample 2.0 g was mixed with 5 ml of concentrated HNO3 and 50 ml water 

and boiled for ~1 h. The resulting mixture was then filtered and the filtrate 

was neutralized with 1 M sodium hydroxide solution and diluted to 100 ml 

using acetate buffer pH 4.0. 

 

Results and Discussion 

 

Influence of membrane composition on the potentiometric response 

The influence of addition of various mol % anionic sites (relative to ATS 

ionophore) and using different types of plasticizers (o-NPOE, DOP and DOS) 

were investigated. Surprisingly we found that all membranes (E1, E2) 

formulated with high polarity plasticizers o-NPOE and DOP and (E4, E5) 

formulated with DOS (with anionic additives) exhibited minimal cationic 

response to all cations investigated including primary ion (silver).  As 

depicted in (Table 1& Fig. 1), membrane sensor plasticized with low polarity 

DOS (E3 without additives) showed better response slopes. This is consistent 

with literature finding that polymeric membrane of low-polarity exhibited 

improved responses toward monovalent cations 
(26)

. 
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Fig. 1. Potentiometric response, measured in 50mM acetate buffer pH 4.0, of various 

compositions of ATS-based membrane electrode toward silver ions:E3(1), 

E4(2), E5(3), E1(4), E2(5). 

 

 
TABLE 1. Effect of the plasticizer type and addition of ionic sites on the response 

characteristics of silver membrane electrodes based on ATS ionophore. 

 
Electrode 

No. 
 

Membrane Composition 
 

Slope 

mV/ 

decade 

 

Linear Range 

M 

 

Detection 

limit 

M 

 

R2 

PU 

mg 

PVC 

mg 

Plasticizer 

(132 mg) 

ATS 

mg 

(TClPB) 

mol% 

 E1 - 66 o-NPOE 2 ….. 12.75 6.0x10-8 - 1.0x10-1 4.89x10-8 0.991 

 E2 - 66 DOP 2 ….. 9.16 6.0x10-8- 1.0x10-1 5.13x10-8 0.983 

 E3 - 66 DOS 2 ….. 57.93 6.0x10-8-1.0x10-1 4.36x10-8 0.992 

 E4 - 66 DOS 2 10 13.03 1.0x10-7-1.0x10-1 5.13x10-8 0.981 

 E5 - 66 DOS 2 50 12.54 5.0x10-8-1.0x10-1 4.47x10-8 0.958 

R2 : Correlation coefficient 

 

Selectivity coefficients of optimized silver ion-sensor 

The potentiometric selectivity of the optimized sensor was investigated for 

several ions and the selectivity coefficients were calculated using separated 

sample solution method (SSM)
(12)

. The cationic response of the optimized 

potentiometric sensor (E3) towards various cations is shown in Fig. 2, and the 

selectivity coefficient is shown in Table 2. As can be seen optimized 

potentiometric sensor (E3) exhibited high selectivity for Ag
+
 ion over a number of 

monovalent, divalent and trivalent cations, also the optimal membrane sensor 

showed remarkably better selectivity in comparison with membrane sensor 

prepared with anionic sites (E4 and E5). This result agreed very well with the 

view that the soft coordination site of sulfur offers great affinity towards silver 

which is soft (d
10

) transition metal ion 
(27).
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Fig. 2. Potentiometric response of ATS-based silver-selective membrane electrode E3, 

measured in 50 mM acetate buffer pH 4.0 towards various metal ions :Ag+(1), 

Li+(2),  Na+(3), Hg2+(4),  Cu2+(5),  Pb2+(6),  Mn2+(7),  Zn2+(8), Ni2+(9), Co2+(10),  

Al3+ (11), Sr3+ (12), Cr3+ (13).   

      

TABLE 2. Selectivity coefficients  for optimized silver-membrane 

sensor E3 measured in 0.05 M acetate buffer, pH 4.0. 

 
Metal ion  

Li+ -4.4 

Na+ -4.8 

Hg2+ -4.9 

Cu2+ -5.2 

Pb2+ -5.2 

Mn2+ -5.2 

Zn2+ -5.2 

Ni2+ -5.2 

Co2+ -5.5 

Al3+ -5.6 

Sr3+ -5.7 

Cr3+ -5.9 
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Effect of pH 

The pH dependence of the optimized membrane sensor (E3) was investigated 

at two concentrations of Ag
+
 (1.0×10

-3
 and 1.0×10

-4
 M) solution over a pH range 

of  2 to 11 and the results obtained are given in Fig. 3. It is seen from this figure 

that the potential remains constant over a pH range of 3 to 10. This means that 

the optimized sensor can be used to measure a wide range of environmental and 

industrial water samples without pH adjustment. 

 
Fig. 3. Effect of pH on the potentiometric response of optimized membrane electrode 

E3 measured in 50 mM acetate buffer pH 4.0, in the presence of 1.0x10-3 M (1) 

and   1.0x10-4 M (2) of AgNO3. 

 

Response mechanism and lifetime 

Figure 4, shows the response time of the optimized sensor (E3) when exposed 

to increasing silver ion concentrations from 1.0 µM to 0.1 M in 50 mM acetate 

buffer, pH 4.0. As can be seen, over the investigated concentration range, the 

optimized sensors reached to the equilibrium response in a very short time 

(<10s). The life time of the optimized membrane electrodes was found to have 

the same slope with deviation of ±4 mV/decade over a period of five week. 

 

Potentiometric titration 

The optimized selective membrane sensor (E3) was utilized as an indicator 

electrode in the potentiometric titration of different concentrations of silver ions 

with standard sodium chloride solution. Typical titration curves with sharp 

inflection breaks were obtained as can be seen in Fig. 5. The signal change at the 

inflection breaks was found to be in the range 390-470 mV depending on the 

starting silver ion concentration. 

 

Analytical application 

The optimized of the ATS-based silver electrode was further assessed by measuring 

the silver ion concentrations in acetate buffered, pH = 4 photographic solution samples 

and medical x-Ray films. Comparison of these results with the data obtained using atomic 

absorption spectrometry (AAS) showed very good agreement as shown in Table 3. 
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Fig. 4. Typical response time of optimized electrode E3 measured in 50 mM acetate 

buffer, pH 4.0 at different silver concentrations 
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Fig. 5. Typical potentiometric titrations of different amount of silver ions 

with standard sodium chloride solution monitored using optimized 

membrane electrode E3. 
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TABLE 3. Determination of Ag+ ions in photographic and x-rays samples using 

optimized sensor (E3) in comparison with standard atomic absorption 

method. 

 

Recovery 

% 

Potentiometry±SDa 

mg/ l 

AAS±SDa 

mg/ l 
Real samples 

   Fixing solutions 

A 
97.47 11.6 ± 0.4 11.9 ± 0.4 

97.94 6.17 ± 1 6.3± 0.9 B 

 

 

98.54 

 

 

2.03 ± 0.4 

 

 

2.06 ± 0.3 

Medical X-raysb 
A 

100.00 3.47 ± 0.5 3.47 ± 0.4 B 

  a : Mean value ± standard deviation (SD) {two determinations }. 

   b: 2 mg samples were dissolved in 10 ml solution. 

 

 

Conclusion 

 

The investigations demonstrate the utility of the membrane sensor incorporating 

N-(2-acetylthiophene)salicylideneimine (ATS) as ionophore in determining Ag
+ 

in 

the concentration range 6.0 x10
-8 

- 1.0x10
-1

 M. The functional pH range is 3.0 to 10. 

It could be used as an indicator electrode in the potentiometric titration of Ag
+ 

ions 

with NaCl solution. Analytical application shows that it holds promise for regular 

and routine analysis of Ag
+ 

in diverse samples. It exhibits good reproducibility, fast 

response time and can be used for five week. 
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كمجيي    [ث ييىن هس سسيليي ن أمه   يي ه اسيي ل  -2]تحضيي و وتىفيي   

 ايفضوغشسئى يلقأمو ايجهأ ايكهوبي يعنصو 

 
و اينسفو،  نسره احمأ  مىب،  نيى عبيأ ايعزمز حميأ  عبأاممسن حس أ 

  ومم جوج  رزق 

يؼممّ ػمميٍ ج   -كهيممّ اناُمم د نممالال ٔانؼهممٕو ٔان ز يممّ -انكيًيمم  قضممى 

 يصز.  -انق ْزِ  -شًش 

 
 

تحضيز يجش  غش ئٗ  جديد ن قديز انجٓد انكٓز ي نؼُصز انفضّ . ْٔذا انًجش 

اص يم -2 تى تحضيزة   كثيف قدٔ [اصي يم ثيٕفيٍ( ص نضيهيديٍ أييٍ-2]يح ٕٖ ػهٗ 

اييُٕ فيُٕل ٔقد تى اثي د تحضيز انًجش   ص خداو ان حهيم انؼُصزٖ -2ثيٕفيٍ يغ 

ي ص ص الاشؼّ تحت انحًزا  ٔ طيف انك هّ ٔ طيف انزَيٍ انُٕٖٔ ٔ طيف إ

انًغُ طيضي .َٔكٕيٍ افضم يجش يٍ َٕع ػديد )كهٕريد انفيُيم( ٔ ثُ ئٗ أثيم 

أٔك يم صيا ك د كً لِ يهدَّ. ٔ يظٓز ْذا انًجش أص ج  ّ صزيؼّ نًح نيم  انفضّ ٔ 

ههٗ فٕنت نكم تزكيز ي  39.75يؼطٗ أص ج  ّ صزيؼّ  ًيم ك تيَٕٗ َزَض ٗ قدرِ 

( ٔ قد أيكٍ أص خداو 01إنٗ  5)      ػقدٖ فٗ يدٖ ٔاصغ نلأس انٓيدرٔجيُٗ يٍ 

ْذا انًجش فٗ تقديز أيٌٕ انفضّ فٗ انًح نيم انفٕتٕغزافيّ ٔ صٕر الأشؼّ انضيُيّ 

ٔ قد تى انحصٕل ػهٗ َ  ئج جيدِ يط  قّ نهُ  ئج ان ٗ تى انحصٕل ػهيٓ   .انطايّ

 . أص خداو قي س طيف الأي ص ص انذرٖ لأيٌٕ انفضّ كطزيقّ قي صيّ
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


