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ABSTACT

A PVC membrane based Cu(ll) selective electrode awastructed using zinc(ll) complex of
Actophenonethiosemicarbazone (ZATSC) as a neutralec. The sensor exhibits a Nerstian
response for Cu(ll) ion over a wide concentratiamge of 1.0 x 18- 1.0 x 10> M with the
slope of 29.5nV/per decade having detection limit 6.7<181. It was relatively fast response
time (<10s for concentratior1.0x10* and <15s for concentration ¢f1.0x10° M) and can be
used for 9 months without any considerable divectgeim potentials. The proposed sensor
revealed relatively good selectivity and high sewvisy for Cu(ll) over other mono, di and
trivalent cations and could be used in a pH ranfj@.6-12.3. It was also used successfully as an
indicator electrode in potentiometer titrations aimdthe analysis of concentration of copper in
the water of river Yamuna at different sites oftidel

Keywords: Cu(ll) electrode, PVC, ionophore potentiometry.

INTRODUCTION

Analytical methods for determining the heavy meétals have been extensively studied due to
their importance in biological processes [1-3]. ydmric membrane ion selective electrode
(ISEs) provides one of the most powerful sensinthous because it is possible to select various
sensory element according to the charge and sigeedfarget ion in clinical and environmental
assays [4-7].The quick determination of minute dii@as of ionic species by simple method has
great importance in analytical chemistry. Potengtim detection based on ion-selective
electrode (ISEs) is the simplest of all and offersque advantages such as simple design and
operation, reasonable selectivity, fast responpécability to colored and turbid solution. Schiff
base with N and O donor atoms are well known tenfetrong complexes with transition metal
ions. Some of the Schiff bases are reported tm f&irong complexes with a specific ion due to
geometric factor [8, 9]. Schiff base [10-13] andnnmacrocyclic complexes [14-19] have
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attracted increasing attention in solvent extrac{i®0, 21], as ion exchanger [22, 23] and in

catalytic studies [24, 25]. The ISEs dynamic reseois generated by selective complexation of
the target ion by ionophor dispersed in a polyviciyloride (PVC) matrix. Based on the recent
advance of host-guest chemistry, polymemeric mengbrESEs for copper ion have been

extensively developed by the use of crown ethes 2Z]and related macrocyclic hosts as well
as acyclic ligand [28, 29].Because of copper alismrpsome genetic defects have been found.
The major role of copper in metabolisms oxidatibatl in ionic and enzyme form); thus its role

in respiration, atherosclerosis (per oxidation)] anemia’s is important, high uptake of copper
results Wilson’s diseases [30].A variety of potahion carriers have been employed in the
construction of Cu(ll)ion selective electrodes. 3&eopper ion carriers include small size thia-
crown ethers and acyclic neutral ionophore withiditarbamate groups [31], calyx-4 arenas [32,
33], and schiff bases [34,35].However most of thesgper selective sensors suffer from the
interfering effects of cations such asZed**,Hg?",Pif*and Ad.

In the present paper we report the useziot complex of Acetophenonethiosemicarbazone
(ZATSC) as an ionophore in potentiometric polymemnmbrane sensor responsive tdCu

MATERIALS AND METHODS

Experimental

Chemicals. Reagent grade high molecular weight PVC, tetrabiydan (THF), acetophenone,
thiosemicarbazide,were used as received. Tris(@edtaxyl)phosphate (TEP), dioctylphthalate
(DOP), n-benzyl acetate (NBA), Tri n-butyl phosgha{TNBP), Nitrobenzene (NB),
Dibutylphthalate (DBP) and sodium tetraphenyl ber@aTPB), and nitrate of all metal salts
used (Merck) were of highest purity available armskdi without any further purification.
Throughout double distilled deionized water wasdusghe water samples of river yamuna of
Delhi region was collected from Ramghat (S-1), §bat(S-2), Laxmi Nagar Bridge (S-3) and
Okhla Bridge (S-4) at different sites.

Physical Measurement: The C, H and N were analyzed on a carlo-Erba lé&@snental
analysis.Electron impact mass spectra were recorded JEOL, JMS, DX-303 mass
spectrophotometer'H NMR spectra were recorded on a Hitachi FT-NMR, delo R-600
spectrophotometer using CRCas solvent. Chemical shift are given in ppm re&atio tetra
methylsilane. IR spectra (KBr) were recorded dsraker FT-IR spectrophotometer Model No.
TEN 50R-27 spectrophotometer. A Perkin-Elmer Mod8lL00 atomic absorption
spectrophotometer (AAS) with a graphite furnace wused.

Syntheses of ionophore: The hot ethanolic solutions (20 mL) of acetophen@hl12 mL 0.01m
mol), thiosemicarbazide (0.91g , 0.01m mol) wighv drops of acetic acid were mixed with
costant stirring .The mixture was refluxed at 885 On cooling a cream coloured compound is
separated out, it was filtered, washed severalsimigh cold EtOH and dried in vacuum over
P40]_0.
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Fig.1: Syntheses of ionophore.

Acetophenonethiosemicarbazone: Yield (75.0%),M.P:181 °C, Anal. calc.for (%)=ok;1N3sS
C,55.06;H,5.76;N,21.76; S,16.59; Found: (%) C;55.93;H,5.74;N,21.74; S,16.51;
Mass.(m/z):193 (M) FT-IR (KBr): v(NH,) 3372 (b)y(NH) 3178 (b),u(C=N) 1510 u(C=S)
804 ;'HNMR (CDCk 300 MHz): & ppm=3.349(2H,s,- NB); 7.387-7.934(Ar-H); 2.502-2.292
(3H, CHp).

Synthesis of complex (ZATSC): A hot aqueous ethanolic solution (20 mL 1:1 v/v) of
acetophenone thiosemicarbazone (1.93 g, 0.02m amol)a hot aqueous solution (20 mL) of
zinc chloride (0 .068 g 0.01m mol) were mixed wgthnstant stirring. The mixture was refluxed
for about 6 hrs. On cooling a white colored prdeijg was separated out. The same was filtered,
washed with 50% ethanol and dried in vacuum ovéx P

CH; H
S N NH,

)k \N/
Z

I NH,
H

znCl, 4 Cl,
Reflux )L \
H,N NN
U
Acetophenone Zinc complex of
thiosemicarbazone Acetophenonethiosemicarbazone

Fig.2: Synthesis of complex.

Zinc(l1) Acetophenonethiosemicarbazone complex (ZATSC) : Yield (65%) M.P: 235 °C, Anal
calc.for (%)= GgH2NeSZnCl: C,41.49; H,4.22; N,16.13; S,12.27 Found: (%)
C,41.41;H,4.21.N,16.1; S,12.21 Mass.(m/z):5215(Mamu. FT-IR(KBr)o(NH,) 3297
(b),u(NH) 3243 (b)p(C=N) 1525 p(C=S) 834 ;

Potential Measurements:
All the membrane electrode potential measuremeatg werformed at constant temperature (25
+0.05 °C) using digital pH meter, potentiometer (ELICO 1Q: India) in conjugation with
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saturated calomel electrodes as reference elestrdde representation of electrochemical cell
for the EMF measurements is as follows.

External | Aqueous samplelon- Internal filling | Internal  reference
Referenc selective solution 1.0x18 M | solution (SCE)
Electrode membrane | Cu(NO3)2

(SCE)

Electrode Preparation

The membranes were prepared by the method give@rhggs et.al. [36,37], with certain
variations in composition of PVC, ionophore andsfidazers/solvent mediators like DBP, NB,
DOP, TNBP etc. The PVC membrane solution was pegbhy mixing of ionophore (5%wt.),
TNBP as plasticizer (60%wt.), PVC (30%wt.) and N&TB5%wt.) dissolved in THF.The
resulting mixture was poured into a Petridisc. ThHeF was allowed to evaporate at room
temperature. A flexible membrane with a thicknes8.8-0.4 mm was obtained. The discs of 6
mm diameter were cut and pasted to a Pyrex gldmessiith the help of Araldite. After getting
dried, this tube was filled with 1.0xTOM internal solution of copper and immersed in the
1.0x10° M copper nitrate solution, at least for 2-3 day®mpto use. It is known that the
sensitivity, linearity and selectivity obtained fargiven ionophore depend significantly on the
membrane composition and nature of the plasticissd [38]. Thus, the ratio of membrane
ingredients, time of contact and concentration aufiléorating solution were optimized after a
good deal of experimentation. Membranes, which gaaaeproducibility and stable potentials,
have been studied. The blank membrane having ovy Bs membrane ingredients was also
prepared and studied. While membrane having PVQ piasticizer were generate small
potential with slope of ~5mV/decade.

RESULTS AND DISCUSSION

Response of the cation:In preliminary experiment, response of the PVC dasembranes of the
ionophore to various cations was looked into aredpbtential generated are shown in Fig. 3. It
has been observed that the membrane performs litesCw* as the response is linear over a
wide concentration (1.0x1to 1.0x10'M). Thus, membranes used as"Gaensor.

Fig. 3:
500 —m— Copper
400 - —eo— Nickel
— —o— Chromium
> 300 -
é —— Cobalt
W 200 -
—%— Strontium
100
—=— Aluminnum
O .
8 7 6 5 4 3 2 1 [t
pM+ e— Cadmium
—e— |ead
Potential response of various ion Selective electies based on ZATSC
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Working concentration range and slope of Cu?* sensor: Before starting any experimentation,
the membranes were equilibrated with 1.0%xM Cu?* solution. The experiments have shown
that 2 days equilibration time is required for gaestieg reproducible and stable potential. The
working concentration range and slope have beeluaea from these plots and summarized in
Table 1. It has been observed ( Fig. 3), that tleenbrane without plasticizer (sensor no. 1)
having composition (3.5:33:4.5-ZATSC: PVC: NaTPBY/W%:;) exhibits linear response to
CUW¥'in the concentration range 1.0%1@0 1.0x10' M with a slope of 35.5 mV/decade of
activity. Since the nature of plasticizer influesdbe dielectric constant of the membrane phase,
the mobility of the ionophore molecular and statea@mpound [38], it was expected to play a
key role in determining the ion-selective chardst@ms. So various plasticizer viz.DBP, TEP,
DOP, NBA and TNBP were added in varying amountghi® membranes and ion-selective
characteristics were studied. Also, the optimizatid permselectivity of the membrane sensor is
known to be highly dependent on the incorporatibradditional membrane components [38,
39], therefore, NaTPB has also added to the membramith the aim to improve the
performance of the electrode. As shown in Tablkat the addition of TEP and TNBP plasticizer
(sensor no.5, 6) reduces the slope to 24.0 and @B/(decade of activity, whereas the
performance of the membrane with DPB and NBA pier (sensor no. 2, 4) is almost same as
that of membrane without plasticizer (sensor ndlhg best performance is obtained with DOP
plasticizer with membrane (sensor no. 3) having masition 3.7:28:4.3:64 (ZATSC: PVC:
NaTPB: DOP) (w/w; mg). This sensor exhibits widerking concentration range of 1.0x1€o
1.0x10" M and detection limited 6.7xT0with a near-Nernstian slope of 29.5 mV/decade of
activity.

pH and non-aqueous effect

The pH dependence of the electrode potential watedeover the range 0.5-14 for’Gn this
concentration 1.0xIdshown in Fig. 4. The pH of the solutions was amid$y the addition of
dilute hydrochloric acid or sodium hydroxide. Itakar from Fig. 4 that the useful pH range is
1.5-12.3, as the potentials remain constant inreimge. The sharp change in potentials at higher
pH values may be due to the hydrolysis offCwhile at lower pH values Hions start
contributing to the charge transport process ofntlieenbrane, thereby, causing interference. The
performance of the sensor no. 3 was also investigat partially non-aqueous medium using
methanol-water, ethanol-water, and acetone-watetungis. The membrane worked satisfactorily
in non-aqueous medium up to 20% (v/v) non-aqueouseat as in these mixtures the working
concentration range and slope remained unaffeezhawn in Table-2. However, above 20%
(v/v) non-aqueous content, slope, and working cotragon range was reduced and potentials
show drift. It is worth mentioning that the lifeteof the membranes did not alter in non-aqueous

solutions.
Table-1 Composition of PVC membrane of (ZATSC) angerformance characteristics of Cd'selective
sensors based on them.

BEnS0r Component of metrbranes (wiaw) Wotldng  Concentration  Slopef: mw/decade
f0. tange (W of activity)
FATSC PVC  MaTBP Plasticizer
1 35 33 4.5 - 1.0x1 07 to 1.0x107 35.5
2 44 i 4.6 DEP,61 1.0x1 0%t 1.0=100% 34
3 37 28 4.3 DOP, 64 1.0=10%a 1.0x107" 205
4 4.2 32 4.5 MR 4,50 1.0=1 070 1.0x107 338
5 4.5 25 4.5 TEP, it 1.0=10%0 1.0x107 24
f 3.3 28 4.7 THEE, 64 1.0%1 00 1.0x10 25
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Fig.4: The effect of pH of test solution on the rgmnse of the Cd"ion selective electrode.

Table-2 Effect of partially non-aqueous medium ontie working of CU?* selective sensors (sensor no. 3)

Non-aqueous content % (v/v) Working Slope
concentrati  (+x0.1mv/deca
onrange de of activity)

(m)
Methanol

10 1.0x10%to 29.4
1.0x10

20 1.0x10%to 29.5
1.0x10*

30 1.0x10%to 29.7
1.0x10*

Ethanol

10 1.0x10%to 29.5
1.0x10*

20 1.0x10%to 28.4
1.0x10*

30 1.0x10%to 28.6
1.0x10*

Acetone

10 1.0x10%to 29.4
1.0x10*

20 1.0x10%to 29.5
1.0x10*

30 1.0x10%to 29.6
1.0x10*

Potentiometric selectivity

The selectivity is the most important charactessstias it determines the extent of utility of a
sensor in real sample measurement. The selectiggfficient values were determined by fixed
interference method (FIM), which was proposed byez8a Viteri [40]. The selectivity
coefficient valuescryy indicate that the electrode is moderately seledid Cd"* over a number

of other cations (Table.3). The potential of a @&mprising an ion-selective electrode and a
reference electrode is measured with solutionsoost@ant level of interferenceg,aand varying
activity of the primary ion, a The potential values obtained are plotted vs.attterity of the
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primary ion. The intersection of the extrapolatajrthe linear portions of this curve will indicate
the value of a which is to be used to calculate~ from the equation:

Kz = (34/35) +/

Where both z and z have the same signs, positive or negative. a \@lselectivity coefficient
equal to 1.0 indicates that the sensor respondallggio primary as well as interfering ion.
However, values smaller then 1.0 indicate that mramd sensor is responding more to primary
ion than to interfering ions and in such a cases#nsor is said to be selective to primary ion
over interfering ion. Further, smaller is the stigty coefficient, higher is the selectivity order

A perusal of Table 3 shows that selectivity coéfiit values for the present sensor are much
smaller than 1.0 over a number of mono, di anchkent cations studied. Hence, the sensor is
sufficiently selective over these ions and candfuge be used to estimate copper in presence of
these ions by direct potentiometry.

Table-3: Selectivity coefficient values 57 for Cu**selective sensor by fixed interference method.

S. No. Interfering ion (B)  Selectivity coefficients
1 K* 1.01x10°
2 NH," 4.03x10°
3 (ofs 2.44x10°
4 P 8.03x10*
5 Ho 4.03x10*
6 NiZ* 1.11x10%
7 zrt* 5.12x10°
8 co* 2.01x10°
9 cg 1.16x10°
10 B&* 1.06x10"
11 Fe* 1.06x10"
12 S 3.01x10°
13 crt 1.01x10°
14 Ad” 2.29x10°
15 Mg 3.06x10°
16 AP 6.01x10"

Response and lifetime. The average time required for the®Cion sensor to reach a potential
with in +1mV of final equilibrium value after sucssive immersion of a series of €{il) ion
solutions, each having a 10-fold difference in @nration, was measured. The static response
time of the membrane sensor thus obtained was <fbd soncentratior1.0x10* and <15 s for
concentration of 10°(Fig-7). It should be noted that the equilibriuntedial remain costent
more than 8 min. The lifetime of the membrane sem&s about 9 months, during which it
could be used without any measurable divergence.
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The time of contact and concentration of the elguiim solution was also optimized so that the
sensor generated stable and reproducible poteatia¢datively short response time. It was found
that an equilibrating solution of 1.0x30M and contact time of 2 days was appropriate for
smooth functioning of the electrode. Membranes vetoeed in 1.0x18 M Cu (NO;) , solution
when not in used.

260 -

210~ ——1X10-6 M
160

E (mV)

—4— 1X10-4 M
110

60

10 ) ) ) ) Ll Ll

Time (S)

Fig.5: The effect of the time on potentiometric regonse of C" electrode.

Table-4 Comparison of the reported electrode withHe reported electrode assembly

Woking concentration Res L.ife . .

No range/M Slope pH range timels time/ Detection Limit Ref.
month

1 1.0x10" to 8.0x1C° Not mention 3-6 <60 >2 - 3
2 1.0x10" to 8.0x10° 29.3+0.7 5-9 <45 4 1.0xPmV/decade) 4
3 1.0x10" to 5.0x1C° 29.6+0.6 1.9-5.2 <30 >4 0.3ppm 10
4 1.0x10' to 1.0x10° 30.0 3.3-7.0 <35 3 0.5ppm 11
5 1.0x10' to 2.0x1¢° 29.3 2.6-6.0 9 3 0.1ppm 12
6 6.0x10°to 9.77x10 30.0+0.2 3.5-4.8 40 2 7.0x1@nV/decade) 13
7 5.0x10° to 7.0x10 30.0+0.1 4-9 10 5 - 14
8 1.0x10% to 5.0x1C 28.3 3.6-7.8 - 3 - 15
9 5.0x10°to 1.0x1CP - 3.8-6.9 - 4 6.0xI18(mV/decade) 16
10 5.0x10° to 1.0x1¢° 29.5+0.1 4.1-6.8 5 6 1.0xfonV/decade) 17
11 5.0x10 to 1.0x10° 29.5+0.4 3.2-7.8 <10 4-5 4.8x4@nV/decade) 18
12 5.0x10' to 1.0x10 29.5+0.5 3-11 <5 6-7 8.1xFmV/decade) 19
13 1.0x10 to 1.0x1C 29.5+0.5 15-123 <10 9 6.7¢MV/decade) \;(?rlli

3.7- Comparison with other reported electrodes

In Table 4, the response characteristics and fleetaaty coefficients of the membrane electrode
based on zinc complex of acetophenonethiosemicongaaf some potential interfering ions are
compared with the corresponding values previouglgorted [3] for copper ion-selective
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membrane electrodes based on a variety of diffeogiaiphores. As can be seen, the linear range
and the response time of the proposed electrodeswgrerior to those reported [4] for other
copper ion-selective electrodes, and its selegtiwithavior is among the most selectivé’Tan
sensor reported [3,4,10-19]. At the same time, agayhesis of a highly lipophilic macrocyclic
and open chain ionophore in bulk, using easily aodnomically available starting materials,
makes the proposed ISE a better membrane electrode.

Analytical applications

Potentiometric titration

The membrane sensor could be successfully usedeirpatentiometric titration of Gt with
EDTA. 20 mL (1.0x10 M) solution of CG" was titrated with 1.0xI0M EDTA (Fig. 6). On the
addition of EDTA, the concentration of €lions decreases, causing a decrease in potential in
line. However, the break point is sharp and cowadp to the stoichiometry of Cu (II)-EDTA
complex. After the end-point, potentials are almoshstant because now the sensor is not
responding to small changes in“Caoncentration. Thus the electrode assembly carsee for
copper ions determination by potentiometric titrati

600
400
E (mV)
200 -
0IIIIIIIIII|I|I||I|I|I|I|I||||||
0 5 10 15
Volume of EDTA added (mL)

Fig.6. Potentiometric titration curve of Cu?*ion (1.0x10° M, 20.0 mL) with EDTA (1.0x10° M), using the
proposed sensor as an indicator electrode.
Determination of Cu®* in water sample: The proposed Ciiion- selective electrode was found to
work well under the laboratory conditions. It waseessfully applied to the determination of
copper from the water samples collected from th@ua sites of river Yamuna in Delhi region.
The analysis of water samples does not requirettgatenent for poteniometric determination
using the present sensor. The pH of all samplésiisd between 5 to 8. The results observed for
analysis were also compared with atomic absorpmectrometry (AAS) analysed sample. It is
clear from the values in Table 5 that these wel@ good agreement with the results obtained by
AAS. Hence, the proposed sensor can be successfufijoyed for the estimation of copper ion.

Table-5 Determination of Ct2* in water sample

Copper found
Sample No

ISE AAS
S-1 0.0035 mg/I 0.0036 mg/l
S-2 0.0050 mg/I 0.0052 mg/I
S-3 0.0105 mg/I 0.0108 mg/I
S-4 0.0095 mg/I 0.0095 mg/I
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CONCLUSION

The plasticized PVC-based membrane incorporatimgc Zomplex of acetophenonethio-
semicarbazone as an ionophore, DOP as solvent toediad NaTBP as anion excluder in a
PVC matrix could be use to determine®Cin the concentration range 1.0%1fb 1.0x10'M .
The membrane was prepared wusing the fixed ratio ®if7:28:4.3:64 (w/w)
(ionophore:PVC:NaTBP:DOP). The detection limit viasnd to be 6.7xI8with a slope of 29.5
mV/decade of activity. The sensor works in a wittkerpnge 1.5 to 12.3 with a response time of
10 s. The selectivity of the electrode toward$*@uquit well understood over the other cations.
The lifetime of the assembly is 9 months in botheamus and non aqueous medium. In addition
to this, the membrane sensor can also be usediadieator electrode in potentiometric titration
involving copper(ll) ions against EDTA as well asdetermine Cu(ll) quantitatively in the water
samples of river Yamuna collected four differeté¢si of Delhi.
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