Available online at www.sciencedirect.com

science @pormeer- Talanta

ELSEVIER Talanta 64 (2004) 313-319

www.elsevier.com/locate/talanta

Copper(ll) selective electrochemical sensor
based on Schiff Base complexes

Lok P. Singh, Jitendra M. Bhatnagar

Central Building Research Institute (CBRI), C.P. Divison, CBRI, Roorkee 247667, India
Received 30 December 2003; received in revised form 13 February 2004; accepted 13 February 2004
Available online 2 April 2004

Abstract

Plasticized membranes using Schiff Base complexes, derived from 2,3-diaminopyridinevaniiin have been prepared and explored
as Ci*-selective sensors. Effect of various plasticizers viz., dibutyl phthalate (DBP), dioctylphthalate (DOP), chloronaphthalene (CN),
tri-n-butylphosphate (TBP) etc. and anion excluder, sodium tetraphenylborate (NaTPB) was studied in detail and improved performance was
observed at several instances. Optimum performance was observed with Schiff Base (B) having a membrane composition of B(1%):PVC(33%):
DOP(65%):NaTPB(1%). The sensor works satisfactorily in the concentration rafge®° to 1.0 x 10~ M (detection limit 0.3 ppm)
with a Nernstian slope of 29.6 mV per decade of activity. Wide pH range (1.9-5.2), fast response3®®,(high non-aqueous tolerance
(up to 20%) and adequate shelf life (>4 months) indicate the vital utility of the proposed sensor. The potentiometric selectivity coefficient
values as determined by match potential method (MPM) indicate good responséfdn@resence of interfering ions. The tolerance level
of Hg?*, which causes serious interference in the determination ®f ©as (K23§+ng+(MPM): 0.45), was determined as a function o?Cu

concentration in simulated mixtures. The sensor was also used in the potentiometric titratiGh ofiGEDTA.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction electrodes, which resulted in a quite unsatisfactory selectiv-
ity for Cu** (log K&5' (MSM): +1.1). Further, addition of
The utility of chemical sensors is being increasingly pyridine group in macrocyclic dithioether also lead to poor
realized in view of rapid growth of industry vis-a-vis envi- selectivity. Some noncyclic ionophores with dithiocarbmate
ronment concern. In many frequently performed analyses, group [6,15] and neutral ionophore§l6,17] containing
the use of sensors has made measurements feasible whichitrogen atoms have shown high affinity to Zuions
are otherwise difficult to monitor and perform efficiently. in comparison to several transition metal ions, however,
Fast and accurate determination of copper is important in even these ionophores exhibit serious interference to"Hg
view of its widespread occurrence in diverse samples. A ions. Hydroxamates compound&8] and complexes of
number of attempts have been made to develop Gelec- 6-nitroquinoxaline-2, 3 dithio]19] with CL2t have been re-
tive sensor using solid membranes of copper(ll) insoluble ported to exhibit lesser interference by 4igand Ag' ions.
salts [1-3], copper chelatef4—6] and liquid membranes  Recently, Gupta et al. have reported selectivéCsensors
involving copper(ll) complexe$7,8]. S-alkyl thioglycolic exhibiting excellent selectivity for Gt ions [20,21].
acid based electrodes were commercialised in 1§606)], Sensors comprising Schiff Base as electroactive ingredi-
which soon after replaced by CuS—/&ybased electrodes ent have been reported to exhibit excellent selectivity for
[11]. These electrodes suffered serious interference to,Hg Cu?t ions. Schiff Bases upon deprotonation form complexes
Hg?", Agt and Fé* and to halides[12]. Kamata and with Cu?t, which act as charge carriers in the membrane
coworkerg[13,14] reported macrocyclic terathioether based matrix. These sensors have been reported to discriminate
Hg?t and Ag" selectively[22]. In the present communi-
mspondmg author. Telt91-1332-283442: catioq,_ Schiff Base prepared using 2,3—diaminopyridine and
fax: 191-1332-272272. o-vanilin has been explored for the preparation of Ceen-
E-mail address: singh.cbri@yahoo.co.in (L.P. Singh). sors and results are presented in the present paper.
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2. Experimental
2.1. Reagents

All reagents used were of analytical grade. High
molecular weight poly(vinyl chloride) (PVC), Aldrich,
USA,; sodium tetraphenylborate (NaTPB), BDH, England,;
dibutylphthalate (DBP) and dioctylphthalate (DOP), Reidel
India; dibuty(butyl) phosphonate (DBBP), Mobil, USA and
1-chloro-naphthalene (CN), E. Merck, Germany, were used
without further purification. Metal (nitrates) solutions were

standardized by use of appropriate methods and solutions of

different concentrations were made by diluting 0.1 M stock
solutions. Double distilled water was used throughout.

2.2. Apparatus

Potentiometric measurements were carried out at-25
0.1°C on a Mettler Toledo multichannel pH/ion analyzer
(model MA235). The membranes were equilibrated for 2—3
days in 0.5M C&" solution and the potentials were mea-
sured using PVC matrix membranes in conjunction with
saturated calomel electrodes (SCE) by setting up following
electrochemical cell assembly:

Internal Internal solution Test solutions | External

reference | 0.1M Cu* Membrane reference
electrode pH ~3.0- 4.0 electrode
(SCE) pH~3.0 (SCE)

lonic strength of the solutions was maintained using 1.0 M
KNOg3 as supporting electrolyte so as to minimize the con-
centration effect.

2.3. Preparation of Schiff Base
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2.3.2. DAPY-{Val H}, (B)
B was prepared analogous Aoby using 1:2 molar ratio
of 2,3-diaminopyridine and o-vanillin (yield 75%).
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These compounds were characterized by IR,NMR
and elemental analysis.

2.4. Preparation of membranes

The membranes were prepared by dissolving Schiff Base
A or B (1%), anion excluder NaTPB (1%), approximately
65% of solvent mediators (DBP, DOP, DBBP and CN)
and appropriate amounts of PVC (33%) in THF (8—10ml)
(Tables 1 and 2). The optimum composition of the mem-
branes was obtained after a good deal of experimentation.
After complete dissolution of all the components and thor-
ough mixing, the homogeneous mixture was poured into
polyacrylates rings placed on a smooth glass plate. THF
was allowed to evaporate at room temperature, after 24 h,
transparent membranes of 0.5 mm thickness were obtained.
A 5mm diameter piece was cut out and glued to one end
of a “Pyrex” glass tube. The membranes were further used
for potential measurement studies.

The Schiff Base compounds were prepared by the reported3, Results and discussion

method[23].

2.3.1. DAPY-{Val H} (A)

A was prepared by stirring equimolar solution of
2,3-diaminopyridine (0.501g, 4.6 mM) and-vanillin
(0.6999, 4.6 mM) in ethanol at room temperature for 2h.
Yellow product obtained was filtered, washed with ethanol
and recrystallised from chloroform (yield 80%).

In preliminary investigations, Schiff bad® was used as
ionophore in PVC membrane for a number of metal ions
including alkali, alkaline earth and transition metal ions.
The potential response of various electrodes is shown in
Fig. 1. Among these cations, the electrodes of alkali and al-
kaline earth metals show poor response whereas electrodes
for transition metal ions exhibited near-Nernstian potential

Table 1

Composition of PVC membranes of Schiff Bask) @nd performance characteristics of&uselective sensors based on them

Sensor no. Percentage (w/w) of various components in membranes Detection Slope (mV per Response

limit (ppm) decade) time (s)

(A) PVC NaTPB DBP DOP DBBP CN

1 1 33 1 - - - - 5.0 23.0 60

2 1 33 1 65 - - - 0.3 28.0 25

3 1 33 1 - 65 - - 0.6 28.5 28

4 1 33 1 - - 65 - 1.9 25.0 35

5 1 33 1 - - - 65 25 25.0 40
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Table 2
Composition of PVC membranes of Schiff Bag) @nd performance characteristics of’Cuselective sensors based on them
Sensor no. Percentage (w/w) of various components in membranes Detection Slope, (mV per Response
limit (ppm) decade) time (s)
(B) PVC NaTPB DBP DOP DBBP CN
6 1 33 1 - - - - 3.2 24.0 55
7 1 33 1 65 - - - 0.5 28.5 25
8 1 33 1 - 65 - - 0.3 29.6 30
9 1 33 1 - - 65 - 25 25.0 35
10 1 33 1 - - - 65 1.9 26.0 35

response. Among the transition metal ions the best responsén the membrane. These solvent mediators strongly influ-
was observed for Cd ions, therefore, the ionophore was ence the working concentration range of the sensors. The
selected as suitable sensor material fofGaelective sen-  lipophilicity, polarity, viscosity and dielectric constant of
sor. solvent mediator play a significant role in the optimization
of the membrane ingredients so as to ensure the long and
stable response by the sensor asseriitdy-28]. The addi-
tion of solvent mediator DBP and DOP to the membrane of
The performance characteristics viz., detection limit, A, exhibited the enhanced working concentration range to
slope, response time etc. for all the membrane electrodesd-0x 107°t0 1.0x 10~ and 1.0x 10° to 1.0x 107* M
(Nos. 1-10) are recorded Fables 1 and 2. The membranes With an improved slope of 28.0 and 28.5mV per decade,
of different compositions of Schiff Basg andB exhibited ~ respectively, (Fig. 2). Improvements in working concentra-
linearity in the concentration range as shownFiys. 2 tion range and slope were also observed using Schiff Base
and 3, respectively. In order to achieve perm-selectivity it @ membrane material, NaTPB as anion excluder and DBP

is essential that no significant amount of counter ion should @nd DOP as solvent mediators (Fig. 3). The effect of ad-
enter to the membrane phase. Lipophilic salt (sodium dition of various solvent mediators to the membrane# of
tetraphenylborate, NaTPB) was added to reduce the anionicandB is presented iTables 1 and 2, respectively. Among
interference and to lower the electrical resistance of the all the membrane electrodes prepared, the best performance
membrane. These lipophilic salts also exhibit ion-exchange Was obtained with the membrane having a composition of
properties and participate in the selective charge transportB(1%): PVC(33%): NaTPB(1%): DOP (65%) as it exhib-
process if insufficient amount of ionophore is present. ited the wide working concentration range (5:10~° to

Addition of appropriate amount of plasticizer leads to op- 1.0 x 101 M) with Nernstian compliance (29.6mV per
timum physical properties and ensures high mobility of ions

3.1. Working concentration range and slope

0 -
0 -
Mg = -20 |
Na /
_20 L
Ca Ba g
- Mn E -40 F
€ -40 | z
% Co T
= Ni $ 6or
g g
s |l Cd o
;_ci 60 Zn %
8 Ag © sof ¢
80 [ Hg 1
4
-100 2
100 - Cu
3
_120 1 1 1 1 1 1 1 1 1 1 1 ]
_120 1 1 1 1 1 1 ] 6 5 4 3 2 l
7 6 5 4 3 2 1 0 -log ac,2*

-log[M™]
Fig. 2. Variation of cell potential with activity of Gd PVC based
Fig. 1. Potential response of various ion-selective membranes based onmembranes of Schiff Basé\| without solvent mediator (1), with solvent
Schiff Base (B). mediators, DBP (2), DOP (3), DBBP (4) and CN (5).
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Fig. 3. Variation of cell potential with activity of Gdi PVC based 1.0x 102 M (b).

membrane of Schiff BaseBj without solvent mediator (6), with solvent
mediators, DBP (7), DOP (8), DBBP (9) and CN (10).

The performance of the sensor system was also in-
decade of activity). Therefore, the same membrane was sevestigated in partially non-aqueous medium using water—
lected for subsequent studies. methanol mixture. The membrane worked satisfactorily up
to a maximum 20% (v/v) content of methanol. In these mix-
tures, the working concentration range and slope remained
unaltered, however, above a 20% non-aqueous content the
slope decreased appreciably and reliable measurements

The response time is the time taken by the sensor to Id not be obtained. Also. th b dest q
achieve a stable potential response and the same was meg:0uld Not be obtain€d. AISO, the membranes were aestroye

sured by using flow-technique to create step activity changedue to leaching of the ionophore from the PVC matrix.

in the test solutions. Sensor without solvent mediator gave ) ) o

a steady response in 55-60's while the sensors with plasti-3-4- Potentiometric selectivity

cizers (DBP and DOP) as membrane ingredients achieved o . o .
equilibrium response within 20-25 s over the whole concen- The §elect|V|ty is the most important charactgrlstlcs, as it
tration range. The main factor for limited lifetime of sensor determines the extent of utility of any sensor in real sam-
is the loss of ionophores from the membrane matrix while Pl measurement. As per Nicolskii-Eisenman formalism,
contacting with agueous solution. Optimum lipophilicity of the eIectrode. response is given by the following simplified
the ionophore and plasticizer ensures stable potentials and\€rnst equation

long lifetime [24—26]. The membranes were used over a RT

period of four months without significant change in poten- E = E°+ —In(a))

tials. Whenever a drift in potentials was observed, mem- 25

branes were re-equilibrated with 0.5 M €ufor 24h. The  whereg; is the primary ion activity in pure solution, however,
membranes were stored in 0.1 M €usolution when not  in presence of interfering ion Nernst equation is modified as
In use. follows

3.2. Response and lifetime

3.3. pH and non-aqueous effect E=E%+ % In(a; + Kif’;?t(aj)li/z.f)
1

The dependence of sensor’s potential response on the pHyherea; is the activity of interfering and; andz; are the
has been tested over the range 1.0 fo 6.5 fos10™“ and charges on the primary and interfering ion. As per IUPAC

-3 2 : : : . o
1.0x 107 M Cu“* solution (Fig. 4). The operational range  recommended match potential method (MPM) selectivity is
was studied by varying the pH of the test solutions with given by

nitric acid or ammoniaFig. 4 shows that the potential is
independent of pH in the range 1.9-5.2, therefore, the same Pot a, —an

was taken as the working pH range of the sensor assembly.KiJ ag
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In this method, at first a known activity(9 of the primary
ion solution is added to a reference solution that contains
fixed activity (a) of primary ion and the potential change is
recorded. Secondly, a solution of interfering ions is added to
the primary ion solution until the same potential change is
observed. In the present stud@s(1.0x 10-3M Cu?*), a,
(1.0x 1072M Cu?t) andag (1.0 x 10~2 M interfering ion)
were taken to measure the selectivity coefficients. A perusal
of selectivity values presented Fable 3indicate that the
sensor is selective for &t ions in presence of interfering
ions except for H§t and Agt ions.

3.5. Concentration dependence of Cu?t versus Hg?+

To observe the concentration dependence of potentiomet-

cell potential (-mV)

-90

-120

[Hg*]
1.0x10°

1.0x10*

5.0x10°

ric selectivity coefficients, some mix solution studies were
carried out so as optimize the concentration of interfering 0.0

ions, which can be tolerated in the determination of Cu 6 5 2 3
ions [29-35] by the proposed sensor system.2HgHgt,

Ag™ etc. are reported to cause serious interference in the de-
termination of C&™ ions. In order to determine the optimum  Fig. 5. Variation of cell potential with activity of Gd at different
tolerance level of Hg" ions, working concentration range ~ concentration levels of Hg ions.

for Ci?t ions was determined in presence of different con-

centration of H§" ions. The C&" concentration was varied  and the results presentedfig. 6show that the Ag can be
from 1.0x 10~° to 1.0x 10 M while fixed concentrations  tolerated at a concentration level 1.0 x 10~ M over the

of Hg?* ions, i.e. 1.0 10-%, 1.0x 10~* and 5.0x 10°M entire concentration range. Therefore, these studies indicate
were maintained in simulated mixturdsg. Sindicates that  {hat the developed sensor is selective over the commonly
the presence of Hg above<5.0 x 10-°M caused no de- present interfering ions unless they are present in higher
viation in the original working concentration plot, whereas qantities.

at higher concentrations (1010~ and 1.0x 10-* M) di- The interference of anions was also investigated, as
vergence in the plots was observed. Thereforel*Hat a  pajides are known to cause interference in the determination

concentration levek 5.0 x 10~° can be tolerated over the ¢ o2+ ions.Fig. 7shows that the presence of Band CI-
whole concentration range, whereas at higher concentration,

CU?* can be determined only over a reduced concentration

-|Og acy2*

range only. Similar studies were carried out forAgns 0r
Table 3 20
Selectivity coefficients values @ﬁtB] obtained by Match Potential Method
at 1.0x 1072 M interfering ion concentration level a0 k
Interfering ion (B) Selectivity coefficients K235 S

: €
Lit 4.5x 1073 < 60
Na* 8.5 x 1072 8

+ 2 c
K 6.0 x 102 g (Ag]
Tl 7.8 x 10 a -80
Cst 6.0 x 102 = 1.0x1072
cat 6.3 x 1072 ©
St 8.2 x 1072 -100 3

1.0x10
Ba?t 5.6 x 1072
Mg2+ 6.1 x 1072
Agt 54 x 107! -120 I 1.0x10*
Hg?t 45x 101
Ni2+ 7.5 % 10_2 140 |0'0 1 1 1 1 1 1 1 1 1 1 ]
+ 2 -

CcP 8.2 x 10~ 6 5 4 3 5 1
Zn%* 8.1x 1072
cot 8.0 x 1072 -loga 2
Fet 7.2 x 1072
cer 841 10-2 Fig. 6. Variation of cell potential with activity of G at different

concentration levels of Agions.
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Fig. 7. Effect of anions; variation of cell potential with activity of su Fig. 8. Potentiometric titration plots ofdx 103 M Cu?* solution (10 ml):
lons. (@), 1.0x 1073 M Cu?+ + 1.0x 104 M Hg?* solution: (b), 1.0< 103 M

CU/?t 4+ 1.0x 10*M Ag™ solution: (c) with EDTA (10 x 1072 M).

ions does not cause any interference in the determination

of CU? ions. This may be attributed due to the addition of 5. Conclusion

anion excluder, NaTPB, which prevents the interference of

anions. A comparison of proposed sensor with the reported elec-
trodes presented ifable 4indicates that the sensor is of
comparable performance with regard to working concentra-

4. Potentiometric titration tion range, slope, response time, life time etc. and superior
in the selectivity as it exhibits considerably less interference

The sensor was used to determine the end point in the po-for commonly present cations viz., Aty Hgt, Ag* etc. and
tentiometric titration of C&™ with EDTA. The plots givenin  no interference to Br and CI” ions. Further, these sensors
Fig. 8are not of potentiometric type due to small interference Were used for the determination of €uin the presence of
of foreign ions. However, the sharp end-point corresponds to foreign ions both by direct potentiometry and titration.
the stoichiometry of the Cu—EDTA complex and therefore,
can be used for determining €uions through potentiom-
etry. The determination of Gt could also be successfully ~Acknowledgements
carried out in presence of g and Ag" ions. Thus, these
plots demonstrate the usefulness of the sensor for the po- Authors are thankful to Director, Central Building Re-
tentiometric determination Of é[ﬁ ions in the presence Of search Institute (CBRI) Roorkee. Financial assistance from

other metal ions. the Department of Science & Technology (DST), New Delhi
Table 4

Comparison of the proposed &usensor with the reported electrodes

S. no. Ref. no. Detection limit (ppm) Slope (mV per decade) Response time (s) Life time (month) Selectivity
1 Jain et al[3] 63.0 20 30 NM Poor

2 Sun et al[7] 0.60 Nernstian NM NM Good

3 Kamata et a[14] 0.06 29 10 NM Good

4 Brzozka et al[16] 0.60 29 NM NM Good

5 Jain et al[17] 0.60 28.5 30 5 Good

6 Pleniceanu et a[19] 3.1 Nernstian NM NM Good

7 Gupta et al[20] 0.50 29.9 11 6 Very good

8 Ren[22] 0.30 28.3 40 8 days Good

9 Proposed sensor 0.30 29.6 <30 >4 Very good

NM: not mentioned.
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