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The Schiff base 1,2-bis(E-2-hydroxy benzylidene amino)anthracene-9,10-dione has been synthesized and explored as 
ionophore for preparing PVC-based membrane sensors selective to the copper (Cu2+) ion. Potentiometric investigations 
indicate high affinity of these receptors for copper ion. The best performance was shown by the membrane of composi-
tion (w/w) of ionophore: 1 mg, PVC: 33 mg, DOP: 66 mg and KTpClPB as additive were added 50 mol % relative 
to the ionophore in 1 ml THF. The proposed sensor’s detection limit is 2.8×10‒7 M over pH 5 at room temperature (Nern-
stian slope 31.76 mV/dec.) with a response time of 15 seconds and showed good selectivity to copper ion over a number 
of interfering cations. 
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Introduction

The Atlanta based Agency for Toxic Substances and Disease 
Registry (ATSDR) says their website that the copper is essential 
for good health. However, exposure to higher doses can be 
harmful. If people drink water that contains higher than normal 
levels of copper, they may experience nausea, vomiting, sto-
mach cramps, or diarrhea. Intentionally high intakes of copper 
can cause liver and kidney damage and even death. No relation 
has been between copper toxicity and human cancer. The US 
Environmental Protection Agency (EPA) says their website last 
updated on September 12 th, 2009 that 1.3 mg/L is the highest 
level of a contaminant that is allowed in drinking water. EPA 
also says that the short term exposures would be affected from 
gastrointestinal distress and long term exposures might be af-
fected from liver or kidney damage. Also it has influence on en-
vironmental pollution. The determination of trace amounts of 
copper becomes increasingly important. So that it is necessary 
to determine the copper ion concentration in natural drinking 
water and imported food. In the mean time we feel interest to 
introduce an effective and fast working Schiff base PVC based 
membrane electrode. The ion selective electrodes (ISEs) permit 
the potentiometric measurement of the activity of a given ion in 
the presence of other ions. Synthesis and then application of an 
ion selective electrode as a potentiometric sensor offers interest-
ing advantages over the traditional methods of analysis such 
as easy to preparation and procedures, simple instrumentation, 
relatively fast response, wide dynamic range, reasonable selec-
tivity and low cost.1 

Moreover they provide accurate, reproducible and often 
selective determination of various ionic species. Not only this, 
the ion-selective electrodes (ISEs) allow nondestructive, on 
line monitoring of particular ion in small volume of sample with-
out any pretreatment. Because of these merits, the use of ISEs 
are increasing day by day in different fields. Now a days electro-

conducting polymers are widely used in the solid-state ion 
selective electrodes.2,3 Because of mixed ionic and electronic 
conductivity, these materials generate electric response to the 
changes in the content of the potential determining species. The 
incorporation of conducting polymer into the surface coating 
of the ion-selective sensor simplifies its manufacture by reason 
of the elimination of internal filling and stabilizes the response 
due to the suppression of the effect of dissolved oxygen and plas-
tic membrane leaching.4 Loads of metal chelators are based on 
crown-type ligands which usually are full of O, N, or S donor 
atoms, and they are often employed as ionophores in ion-selec-
tive electrodes.5 PVC-based film ion selective electrodes are 
now well established analytical tools routinely used for chemi-
cal, biological and environmental analysis of a wide variety of 
different ions.6-9 It is well known that the important component 
of PVC membranes is the carrier that determines the selectivity 
of the electrodes. By reason of their electrical neutrality, lipo-
philic character, and capability to selectively and reversibly bind 
with metal ions. Microcyclic compounds have considerable 
attention for the development of carrier-based PVC membrane 
sensors sensitive toward cationic species.6-12 Different number 
of the microcyclic ring or replacing atoms by nitrogen atoms 
in the microcyclic ring, the affinity will be expected to be to-
ward heavy or transition metal cations.13 On the other hand, by 
using aza-macro compounds as neutral carriers in PVC mem-
branes, highly selective electrodes for heavy and transition metal 
cations and copper ion have been developed.14-16 Many Schiff 
bases have been studied as carriers for various metal ion-selec-
tive electrodes. A variety of ion carriers have been used to cons-
truct copper(II) selective electrodes. These copper ion carriers 
include small size thiacrown ethers,17,18 non-cyclic neutral iono-
phores containing dithiocarbamate groups,19,20 nitrogen atom,21 
calix[4]arenes22 and Schiff base.16 In this study, we prepare PVC 
membrane electrodes based on Schiff base 1,2-bis(E-2-hy-
droxy benzylidene amino)anthracene-9,10-dione synthesized 
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Figure 1. The structure of 1,2-bis(E-2-hydroxy benzylidene amino) 
anthracene-9,10-dione.

Table 1. The compositions of membranes and their potentiometric characteristics of the copper-selective electrode over pH 5.

Membrane o-NPOEa DOAa DOPa DOSa KTpClPBb LOD Slope (mV)

m-1 66 0 ‒5.36 16.48
m-2 66 50 ‒5.88 27.07
m-3 66 100 ‒4.60 28.03
m-4 66 50 ‒3.88 9.25
m-5 66 100 ‒5.13 25.69
m-6 66 0 ‒6.17 21.84
m-7 66 20 ‒5.99 34.82
m-8 66 50 ‒6.60 31.76
m-9 66 100 ‒5.00 24.02
m-10 66 0 ‒5.75 29.92
m-11 66 50 ‒6.23 40.05
m-12 66 100 ‒4.71 17.05

All membranes are comprised of ionophore 1mg and PVC 33mg. ain mg. bin mol % relative to the ionophore.

as an ionophore and were used for the determination of copper 
ion. The proposed sensor revealed good selectivity and response 
for Cu2+ over a wide variety of other interfering metal ions .

Experimental 

Reagents. 1,2-Bis(E-2-hydroxy benzylidene amino)anthra-
cene-9,10-dione (Figure 1) tested as copper ionophore was pre-
pared according to the procedure described previously.23 High 
molecular weight PVC was purchased from Fluka, dioctyl seba-
cate (DOS), dioctyl adipate (DOA), dioctyl phthalate (DOP), 2- 
nitrophenyl octyl ether (o-NPOE), potassium tetrakis (4-chloro-
phenyl) borate(KTpClPB) and tetrahydrofuran(THF) were pur-
chased from Aldrich, were used to prepare the PVC membranes. 
The nitrate salts of cations used (all from Merck) were used 
without any further purification. Doubly distilled water in a 
quartz apparatus was used to preparation of all aqueous elec-
trolyte solutions.

Preparation of polymeric ion-selective electrodes. The com-
positions of PVC-based copper-selective electrodes were sum-
marized in Table 1, and the typical one (m-8) was 33 mg PVC, 
66 mg plasticizer, 1 mg ionophore and KTpClPB (50 mol % of 
ionophore). The ionophore, plasticizer and PVC were dissolved 
in the appropriate volume of THF and mechanically stirred. All 
membrane cocktails were cast in glass rings placed on glass plat-
es for conventional ionselective electrodes. Solvent from PVC 
membrane was allowed to evaporate for at least 24 hours at room 
temperature. The thickness of the resulting membrane measured 
by micrometer was about 0.3 mm.

Potentiometric measurements. The electrochemical properti-
es of copper-selective electrodes were investigated in the con-
ventional configuration. Small disks were punched from the cast 
membranes and mounted in Philips electrode bodies (IS-561). 
For all electrodes, 0.1 M KCl solution was used as an internal 
filling solution. All electrodes were finally conditioned for 24 
h by soaking in 1.0 × 10‒2 M Cu(NO3)2 solution. A Ag/AgCl 
coated wire was used as an internal reference electrode. The ex-
ternal reference electrode was an Orion sleeve-type double- 
junction Ag/AgCl reference electrode (Model 90 - 20) with two 

chambers. This reference electrode has two different filling solu-
tion: inner chamber filling solution is green colored solution 
saturated with AgCl, outer chamber filling solution consists of 
10% KNO3. The potential measurements were carried out at 
25 ± 1 oC with Kosentech 16-channel potentiometer (KST101-1) 
coupled to a computer by setting up the following cell assembly: 
Ag/AgCl │ 0.1 M KNO3 || 0.05 M Tris-HCl (sample solution) || 
PVC membrane│Internal filling solution (0.1 M KCl)│AgCl/Ag. 
The electrochemical measurements were conducted after within 
1 mV variance of open circuit potential with 5 minutes. The 
dynamic response curves were produced by adding standard 
solutions of cations to magnetically stirred pH 5 buffer solution 
(0.05 M Tris (hydroxymethyl) aminomethane-HCl). The selec-
tivity coefficients (log KCu2+j) were determined by the separate 
solution method (SSM) using nitrate salts of the cations involv-
ed. Detection limits were estimated at the intersection of two 
linear lines, the one extrapolated from a high concentration 
range and the other parallel to the X-axis drawn through the 
mean potential value of the lowest metal ion concentration used 
in the plot of the potential change and the concentration of Cu2+.

Results and Discussion

Schiff bases as ligands seem to be a potential ionophore for 
soft heavy metal ions in the PVC membrane electrodes, because 
of its excellent metal-binding properties, rapid exchange kine-
tics, and water insolublilty.24-25 1,2-Bis(E-2-hydroxy benzylidene 
amino)anthracene-9,10-dione was used as an ionophore for 
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Figure 2. Potentiometric responses of the membrane prepared from 
different plasticizers with ionophore towards Cu2+.
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Figure 3. Response curves of membranes containing different % of 
additive measured over pH 5.

preparing PVC membrane ion-selective electrodes for a wide 
variety of metal ions. We said in our previous study16 that the 
Cu2+ ISE membrane compositions were optimized to produce 
the best sensitivity and selectivity towards copper ion, because 
the sensitivity of the ion-selective electrodes depend on the 
nature of ionophore used as well as significantly on the mem-
brane compositions and selectivity of the electrodes depends 
on the nature of ionophore. The optimization was carried out 
with varying of the ratio in PVC membrane components such 
as plasticizer and additive (KTpClPB).

The Schiff base 1,2-bis(E-2-hydroxy benzylidene amino)an-
thracene-9,10-dione was employed as copper selective ionop-
hore in the preparation of copper ion selective electrode. The 
responses of the four electrodes (with different plasticizer) are 
shown in Figure 2. The electrodes of m-2, m-8 and m-11 exhibit 
wider linear response range, and m-8 has closer Nernstian slope 
among them.

The polymeric membranes are investigated to measure the 
ability of the ionophore to act as an ion carrier in the absence 
and presence of the ion exchanger. The response of the mem-
branes without additive ion-exchanger (KTpClPB) gave the 
worse sensitivity and selectivity than those with KTpClPB. Most 
of membrane electrodes were prepared with KTpClPB in this 
work. The potentiometric response of the membranes was eva-
luated as to the slope and detection limit towards copper ion. The 
slope and detection limit for membranes were determined in 
accordance with IUPAC recommendations.26 Figure 3 illustrates 
typical response curves for copper ion, measured in pH 5.0 buf-
fer solution by membranes (m-6, m-7, m-8, m-9) containing 
different amount of additive (KTpClPB), respectively. They 
show that the ionophore gives best sensitivity towards copper 
ion containing in 50 mol % additives. The effects of the mem-
brane composition, the nature of plasticizers, ionophores, and 
lipophilic additive on the potentiometric response of the Cu2+ 

ISE were summarized and investigated in Table 1. The mem-
brane (m-8) prepared by DOP as a plasticizers, 50 mol % of 
additive displays a good Nernstian response to Cu2+ over the 
wide range. The slope of the calibration curve was 31.76 mV/de-
cade for Cu2+ at room temperature, and the limit of detection 
(LOD) is 2.8 × 10‒7 M. The different slope can be attributed to 

the complication factor and sensing rate according to the mem-
brane formulation. It should be noted that the presence of lipo-
philic anions in cation-selective membrane electrodes provides 
the decrease of the ohmic resistance as well as the improvement 
of their sensitivity and selectivity.

The selectivity coefficients of the new membranes are very 
important for determining their quality as ISEs. The selectivity 
coefficients represent their response to the species to be mea-
sured over other ions present in solution. The selectivity coeffi-
cients of the electrodes were determined by the separate solution 
method (SSM). They were evaluated by the separate solution 
method. The selectivity coefficients towards Cu2+ were deter-
mined against the interfering cations, Pb2+, Co2+, Cd2+, Mn2+, 
Zn2+, Mg2+, Ca2+, Sr2+, Ni2+, Ba2+. The selectivity coefficients 
(log KCu2+j) with respect to the corresponding nitrate over inter- 
fering ions tested are shown in Table 2. From these, it can be 
considered that 1,2-bis(E-2-hydroxy benzylidene amino)anth-
racene-9,10-dione as an ionophore employed is selective tow-
ards copper ion against above interfering ions. Among all mem-
branes tested, the best result was obtained from m-8. As can be 
seen, with the exception of Cu2+, for all diverse ions used, the 
selectivity coefficients are in the order of 10‒3 or smaller, indicat-
ing that they could not significantly disturb to the functioning of 
the Cu2+ selective electrode. It should be noted that Mn2+ pro-
vides negligible interference (-log = 3.13) for the determination 
of copper ion. Thus, it is clear that the membrane electrode has 
good selectivity over and divalent cations. Meanwhile, the effect 
of counter anions was investigated using the copper salts of 
chloride and nitrate, indicating that no significant changes in 
the working concentration range and slope were observed. 
The selectivity data for the electrode (m-8) employed in this 
study indicates that the extent of complex formation between 
ionophore and metal ion and the geometrical structure are the 
major factors determining the selectivity. The result indicates 
that the geometry and legating cavity of the 1,2-bis(E-2-hydroxy 
benzylidene amino) anthracene-9,10-dione should be signifi-
cant factor for determining a selectivity toward others. Based 
on data of m-8 in Table 1 and 2, the good sensitivity and highest 
selectivity towards copper ion are attributed to the strong com-
plexation of copper ion to 1,2-bis(E-2-hydroxy benzylidene ami- 
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Table 2. Selectivity coefficients over various interfering ions for membrane (m-8) electrode.

Membrane log KCu2+j

 m-8 
Cu2+ Co2+ Mn2+ Ni2+ Sr2+ Ba2+ Cd2+ Zn2+ Ca2+ Mg2+ Pb2+

   0 ‒3.87 ‒3.13 ‒3.61 ‒4.05 ‒3.88 ‒3.74 ‒3.61 ‒3.83 ‒3.52 ‒3.47
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Figure 4. Potentiometric responses of the Cu2+ ISE membrane (m-8) 
over different pH.
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Figure 5. Response-time profile of the Cu2+ ISE membrane (m-8).

no)anthracene-9,10-dione which has geometrically the proper 
cavity to coordinate to the ligand, and its complexation with 
other cations should be weaker than the copper complexation. 
The electrode was applied to the direct measurement of Cu2+ 
in prepared solutions. 

The potential was measured by direct potentiometry in pH 
5.0 buffer solution. The pH dependence on the potentiometric 
response of the novel membrane electrode (m-8) is studied in 
a variety of pH solutions and shown in Figure 4. The results in-
dicate that the potentiometric response for m-8 electrode de-
pends on the solution pH employed, but the potential obtained 
from m-8 electrode gives a similar value between pH 6 and pH 7. 
Therefore, the potentiometric response of PVC polymeric Cu2+ 
ISEs based on 1,2-bis(E-2-hydroxy benzylidene amino)anthr-
acene-9,10-dione was examined for many metal ions in pH 5.0 
buffer solution in order to avoid the formation of metal-hydro-

xide complex at higher pH. 
A potential-time plot for the electrode is shown in Figure 5. 

The static response time of the membrane electrode thus ob-
tained was < 20 sec for the increased concentration from 1.0 × 
10‒3 M to 1.0 × 10‒4 M copper ion solution, indicating that the 
equilibrium can reach very quickly in pH 5. The membranes re-
sponded rapidly to change in copper concentration within 15 s.

The prolonged stability of these membranes was measured as 
a function of time; it was evidenced in both the slopes of the cali-
bration curve and the detection limits. The membranes would 
be stored in pH 5.0 buffer solution when not in use. After two 
weeks, the electrodes were responding at 96% of the initial res-
ponse. By the end of one month, the response observed was still 
responding at 92% of the initial value.

Conclusion

As a final point, the membrane electrode incorporating 1,2- 
bis(E-2-hydroxy benzylidene amino)anthracene-9,10-dione as 
an ion carrier can be used for the development of a copper ion- 
selective electrode. Among membranes tested, polymeric mem-
brane m-8 based on 1,2-bis(E-2-hydroxy benzylidene amino)an-
thracene-9,10-dione with DOP and liphophilic additive of 50 
mol % displays a good Nernstian response (31.76 mV/decade) 
over pH 5 at room temperature to Cu2+ ion and the limit of detec-
tion of  2.8 × 10‒7 M within short time 15s. Most of metal ions 
could not hamper the selectivity to the copper ion. It can be con-
cluded that the membrane electrode has a rapid potential res-
ponse and excellent selectivity towards copper ion over other 
interfering metal ions. It could be used successfully for the de-
termination of copper ion content in environmental and waste 
water samples.
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