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Determination of Copper(II) in Water Samples
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Abstract Modified screen printed (SPE) and carbon paste electrodes (CPE) with phenan-
throline—tetraphenyl borate ionophore [Phen:TPB] were fabricated for the determination of
copper(Il). The modified electrodes have linear responses over a wide concentration range
(1 x 107%-1 x 1072 mol-.L™Y) of copper(I) ion at 25 °C with divalent cationic slopes of
29.85 4 0.58 and 29.45 + 0.81 mV-decade ' and exhibit a detection limit of 1 x 10°
mol-L™" for SPE and CPE. The selectivity coefficient was measured using the match potential
method in acetate buffer of pH = 4.2. The modified SPE and CPE sensors show high selectivity
and sensitivity for determination of copper(I) and also show stable and reproducible response
over a period of five and three months for SPE and CPE sensors, respectively. This method can be
used for determination of copper(Il) in water, soil, plant and fish tissue samples and the results
obtained agreed with those obtained with atomic absorption spectrometer (AAS).

Keywords Screen printed ion selective electrode - Modified carbon paste electrode -
Copper sulfate - Potentiometric titration - Water samples

1 Introduction

Ion selective electrodes, especially solid state and screen printed electrodes (SPEs), are still
attracting the interest of the scientific community. Potentiometric detection based on ISEs
is a simple method that offers several advantages such as fast and easy preparation
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procedures, simple instrumentation, relatively fast response time, wide concentration
range, reasonable selectivity, low cost and may also be suitable for online analysis [1-12].

Copper is an essential trace element in biological systems [13] where it serves as a
cofactor in at least 30 important enzymes [14] and is known to exhibit a strong affinity for
natural carriers [15, 16]. It is also toxic at high concentration. Reactivity and biological
uptake of copper are strongly influenced by its free ion concentration. Potentiometric
measurements with a copper selective electrode allow direct determination of copper ion
concentrations in water [17] and soil samples [18]. For this reason researchers have
attempted to develop sensors for its determination with high selectivity and sensitivity, for
example solid membrane electrodes with electroactive material such as quaternary thios-
pinel [19], ion exchangers [20] and 1-phenyl-2-(2-hydroxyphenylhydrazo)-butane-1,3-
dione [21], N,N’-(2,2-dimethylpropane-1,3-diyl)-bis(dihydroxyacetophenone) [22] and
phenanthroline tetraphenyl borate [23].

The determination of free copper(Il) concentrations in natural matrices is critical for the
evaluation of copper toxicity [24]. Due to the vital importance of determining copper in
many biological systems [25] and industry [26], some copper sensors were prepared based
on alkyl thioglycolic acid [27, 28], crown ethers [29], calixarenes [30], Schiff bases [31—
33] and neutral ionophores [34, 35].

The purpose of the present work is to obtain a better modified screen printed and carbon
paste electrodes (CPE) with the [Phen:TPB] ionophore to make a highly selective and
sensitive electrodes for potentiometric determination of copper by titration with 1,10-
phenanthroline monohydrate [Phen] solution in the presence of potassium thiocyanate
(KSCN) and acetate buffer. This work provides a simple, low cost, highly sensitive and
selective method in the presence of large number of metal ions with minimum interference
for determination of copper over a wide concentration range.

2 Experimental
2.1 Reagents and Chemicals

Analytical grade reagents are used in this study. Distillated water was used throughout all
experiments. Copper sulfate [CuSO,4-5H,0, 99 %] was supplied by Merck. 1,10-Phenan-
throline monohydrate [Phen, 98 %] and o-nitrophenyloctylether (o-NPOE, 100 %) were
supplied by Fluka. Dioctylphthalate (DOP, 99 %), dibutylphthalate (DBP, 99 %) and di-
octylsebacate (DOS, 99 %) were supplied by BDH. Tricresylphosphate (TCP), PVC
(relative high molecular weight) and graphite powder (synthetic 1-2 um) were supplied by
Aldrich. Sodium tetraphenylborate (NaTPB, 99 %) was purchased from Fluka. Potassium
fluoride and sodium hydroxide were supplied by BDH; hydrogen peroxide was supplied by
Koch Light. Chloride salts of iron, magnesium, cadmium, strontium, zinc, nickel, calcium,
potassium, manganese, lead, barium, cobalt, sodium and aluminum are used as interfering
materials.

2.2 Apparatus
Laboratory potential measurements were performed using a Jenway 3505 pH-meter. Sil-
ver—silver chloride double-junction reference electrode (Metrohm 6.0726.100) was used in

conjugation with different ion selective electrodes. A digital Burette was used for the field
measurement of the Cu(Il) ion under investigation. pH measurements were done using a
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Thermo-Orion, model Orion 3 stars, USA. Prior to analysis, all glassware used were
washed carefully with distilled water and dried in the oven before use.

2.3 Preparation of Phenanthroline-Tetraphenyl Borate [Phen:TPB] Ionophore

Phenanthroline—tetraphenyl borate ionophore was synthesized by adding equal volumes
of 1072 mol-L™" of 1,10-phenanthroline monohydrate and 10~> mol-L™" of sodium
tetraphenyl borate, mixed for 5 min; the precipitate was filtrated using Whatman filter
paper No. 42, washed several times with distillated water and dried for 24 h at room
temperature [23].

2.4 Preparation of the Modified Screen Printed Electrode

The SPE was prepared by using a manual screen printer. An array of 12 electrodes was
printed on a flexible X-ray film by forcing the prepared conductive ink to penetrate through
the mesh of a screen stencil. A screen consisting of a heavy duty polyester fabric (I 003M
Sefar Pet 1000 with mesh count of 36) was pre-tensioned to a 30 x 40 cm wooden frame.
For the stainless steel template, a steel sheet were pre-tensioned to a steel frame and
contains grooves with the same electrode dimensions [36—43]. The homemade printing ink
was prepared by thoroughly mixing a cyclohexanone—acetone mixture 1:1, as a solvent for
the binding material with 450 mg of 0-NPOE, 1.25 mg polyvinyl chloride, 0.75 mg of the
carbon powder and then 7.5 mg of [Phen:TPB] was added after stirring for 15 min; the ink
was sonicated and applied for printing of the electrodes [36—43]. The influence of the
plasticizer choice on the electrode performances has been studied as the electrode plasti-
cized with o-NPOE was compared with those plasticized with DBP, DOP, DOS and TCP.
The SPEs were stored in a dry state at room temperature [36—43].

2.5 Preparation of Modified Carbon Paste Electrode

A 500 mg sample of pure graphite powder and 10 mg [Phen:TPB] ionophore were
transferred to a mortar and mixed well with plasticizer (0.2 mL of DOP, TCP, DBP, DOS
or o-NPOE). The modified paste was filled into the electrode body and kept in distillated
water for 24 h before use [36—43]. A fresh surface was obtained by gently pushing the
stainless-steel screw forward and polishing the new carbon-paste surface with filter paper
to obtain a shiny new surface.

2.6 Preparation of Sample Solutions

1.5 mL of 10~% mol-L~" Cu(II) was mixed with 2 mL of 0.1 mol-L ™' KSCN and 1 mL of
0.5 mol-L ™" acetate buffer. The mixture was diluted to 10 mL with distilled water and the
pH of the solution was adjusted to 4.2 using hydrochloric acid (0.1 mol-L™") and/or
sodium hydroxide (0.1 mol-L™").

2.7 Potentiometric Determination of Copper

The double junction Ag/AgCl reference electrode and the modified SPE or CPE sensors

were conjugated and immersed in a 50 mL beaker containing the prepared sample solution
and then titrated using the Phen solution.
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2.8 Determination of Copper in Water Samples

Add 2 mL of water samples (Table 1), 2 mL of KSCN, 1 mL acetate buffer, dilute to
10 mL with bidistilled water, mix well and adjust pH to 4.2. Copper(Il) is determined
potentiometrically as described above.

2.9 Determination of Cu(Il) in Soil Samples

About 10 gm of aerobically dried soil samples (Table 1) are treated with diethylene tri-
amine pentaacetic acid [DTPA] solution, stirred for 2 h, filtered with Whatman filter paper
No. 42 [44]. Take 2 mL of the prepared soil solution, treat it as described above. Copper is
measured by potentiometric titration with Phen solution.

2.10 Determination of Copper in Plant Samples

Plant samples (Table 1) are prepared according to Rashid‘s (1986) method [45-47]. 2 mL
KSCN and 1 mL acetate buffer were added to 2 mL of the prepared plant samples and the

Table 1 Types and location of water, soil, plant and fish tissue samples

Samples no. ~ Water samples Samples no.  Soil samples
Type Location, Egypt Type Location, Egypt
1 Drain water ~ El-Omoom Drain 1 Canal soil  El-Nokra Canal
2 Drain water ~ ElI-Omoom Drain 2 Drain soil El-Omoom Drain
3 Nile water Nile River 3 Drain soil ~ Sendbees Drain
4 Drain water ~ El-Omoom Drain 4 Drain soil ~ El-Omoom Drain
5 Canal water  El-Sharkaweya Canal 5 Canal soil ~ El-Nokra Canal
6 Canal water ~ El-Sharkaweya Canal 6 Canal soil ~ El-Basoseya Canal
7 Nile water Nile River 7 Nile soil Nile River
8 Nile water Nile River 8 Canal soil  El-Basoseya Canal
9 Canal water  El-Basoseya Canal 9 Nile soil Nile River
10 Drain water ~ Sendbees Drain 10 Nile soil Nile River
Samples no.  Plant samples Samples no.  Fish tissue samples
Type Location, Egypt Type Location, Egypt
1 Canal Plant  El-Twaysa Canal 1 Drain fish ~ El-Omoom Drain
2 Drain plant  El-Omoom Drain 2 Canal fish  El-Sharkaweya Canal
3 Canal Plant  El-Nokra Canal 3 Canal fish  El-Sharkaweya Canal
4 Drain plant  El-Omoom Drain 4 Drain fish ~ Sendbees Drain
5 Canal plant  El-Sharkaweya Canal 5 Canal fish  El-Ibrabiumeya Canal
6 Drain plant ~ Sendbees Drain 6 Drain fish ~ El-Omoom Drain
7 Canal fish  El-Basoseya Canal
8 Canal fish  El-Ibrabiumeya Canal
9 Drain fish ~ Sendbees Drain
10 Canal fish  El-Ibrabiumeya Canal
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pH was readjusted to 4.2. Copper is determined in plant samples potentiometrically as
described above.

2.11 Determination of Copper in Fish Tissue Samples

Copper is determined in fish tissue samples (Table 1) after their preparation and digestion
according to the previously reported method [48]. A 2 mL sample is transferred to 50 mL
beaker and treated with 2 mL KSCN, 1 mL acetate buffer and readjust the pH to 4.2.
Copper is determined by potentiometric titration with Phen solution as described above.

3 Results and Discussion

The process of preparing the electrodes is one in which the Phen solution reacts with
sodium tetraphenyl borate [Na-TPB] to form a water insoluble complex [Phen:TPB] which
can then be mixed with graphite powder, 0o-NPOE and PVC to form a modified SPE, and
mixed with graphite powder and o-NPOE to form a modified CPE for potentiometric
determination of copper(Il) by using Phen solution as titrant in the presence of KSCN and
acetate buffer at pH = 4.2.

To test the performance of the modified SPEs and CPEs, various operational parame-
ters, including: selectivity, working range, pH of the media and life time of electrodes are
usually determined. The electrodes were found to have a linear response over a wide
concentration range of 1 X 107°-1 x 1072 mol-.L™! of Cu(Il) with divalent cationic
slopes of 29.85 + 0.58 and 29.45 4 0.81 mV-decade™' and a detection limit of
1 x 107° mol-L~" for SPE and CPE sensors, respectively (Fig. 1). The electrodes show
stable and reproducible potentials over a period of 5 and 3 months for SPE and CPE,
respectively. The selectivity of the modified SPE and CPE potentiometric sensors has been
studied and the results show that the electrodes are highly selective for determination of
Cu(Il) (Table 2). The SPE and CPE sensors show an advantage over the previously
reported PVC electrode [23] with respect to linear range, life time and limit of detection.
The reproducibility and stability of the sensor potential over a period of 6 weeks was
within 42 mV [23].

3.1 Effect of Ionophore Content

It is known that the sensitivity and linearity of a given electrode depend significantly on the
amount of ionophore in the electrode composition. Thus, five SPEs and five CPEs were
prepared to determine the best electrode contents. The proportions of [Phen:TPB] iono-
phore were varied as 2.5, 5, 7.5, 10 and 12.5 mg (w/w)%. The potentiometric titration was
carried out for each electrode and the resulting potential breaks at the end point were found
to be 205, 234, 280, 253 and 221 mV-mL ! and 138, 197, 143, 130 and 125 mV-mL~! for
modified SPE and CPE sensors, respectively. These electrodes give a sharp and repro-
ducible inflection at the end point (280 and 197 mV-mL~" for modified SPE and CPE
sensors, respectively) in comparison with the previously reported PVC membrane
(180 mV) [23]. This corresponds to the formation of a Cu(II):SCN™:Phen complex with
composition 1:2:1 [23]. These results indicate that the highest potential break at the end
point was achieved using 7.5 and 5 mg of [Phen:TPB] ionophore for SPE and CPE sensors,
respectively. But when increasing the amount of ionophore over 7.5 and 5 mg, the total
potential change decreased as shown in Fig. 2 and Table 3.
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Fig. 1 Calibration graphs using 5004
SPE and CPE sensors at 25 °C
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Table 2 Response characteris-
tics of modified SPE and CPE ~ Farameter SPE CPE
sensors at 25 °C —1b
Slope (mV-decade™ ") 29.85 + 0.58 29.45 + 0.81
Concentration range 1 x 1075~ 1 x 1075
(mol-L™") 1 x 1072 1 x 1072
Correlation coefficient, r 0.993 0.987
Lower detection limit 1 x107° 1 x 107
(mol-L™")
Upper detection limit 1 x 1072 1 x107?
(mol-L™")
Working pH range 3.8-5 3.8-5
Intercept (mV)® 589.84 583.30
Life time (months) 5 3
i Average of four determination  gpa 0.12-0.37 0.1-0.43
y = 29.85 x + 589.84 (for Relative standard 1.10-2.25 0.90-2.63

SPE); y = 29.45 x + 583.30 (for

deviation (RSD%)?*
CPE)

It is found that no inflection breaks are observed in the absence of SCN™, and also the
citrate buffer (pH = 4.2) is not suitable for this study due to its strong interaction with
Cu(Il). This finding is in accordance with the previously published data [23].

3.2 Effect of Plasticizer Type

The behaviors of SPEs and CPEs are greatly influenced by the plasticizer type since they
improve the solubility of the sensing material and lower the overall bulk resistance of the
electrode due to their polarity characteristics. The influence of plasticizer choice on the
electrode performance has been studied; five plasticizers were used (o-NPOE, TCP, DBP,
DOP and DOS) and the potential break at the end point of the electrode was measured and
found to be 297, 280, 268, 250 and 239 mV-mL~' and 210, 199, 193, 177 and
165 mV-mL~" for SPEs and CPEs, respectively. The results show that the best perfor-
mance is for the electrodes which are prepared using o-NPOE, which has the highest
dielectric constant (Fig. 3).
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Fig. 2 Effect of ionophore contents on a SPE and b CPE sensors at 25 °C

3.3 Effect of Soaking Time

The effect of soaking time on the electrode performance was evaluated by soaking freshly
prepared electrodes in [Cu:phen] for 0, 5, 10, 15, 30 and 45 min and 1, 6 and 24 h to form a
thin gel layer at which the ion exchange occurs. The optimum soaking time was found to
be 0 min, where the highest total potential change and the potential break at the end point
are obtained at 25 °C. They decreased with increasing soaking time (Table 4).

3.4 Effect of PH

The behavior of the modified SPEs and CPEs was studied at pHs from ranging 2 to 8. The
pH value was adjusted by adding very small volumes of HCI (0.1 mol-L™") and/or NaOH
(0.1 mol-L™") solution in which the potential response was measured at 10~ and
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Table 3 Effect of ionophore content on the performance characteristics of SPE and CPE sensors at 25 °C

Electrode Tonophore End Recovery Total Potential break AE/AV
type content point (mL) (%) potential at the end (mV-mL™)
(mg) change (mV) point (mV)
SPE 2.5 1.47 98.00 242 205 550
5 1.48 98.66 269 234 632
7.5 1.49 99.33 317 280 738
10 1.48 98.66 289 253 670
12.5 1.47 98.00 256 221 590
CPE 2.5 1.47 98.00 162 138 368
5 1.49 99.33 220 197 518
7.5 1.48 98.66 166 143 378
10 1.48 98.66 157 130 350
12.5 1.47 98.00 150 125 338

1072 mol-L™" copper(Il). The potential change at each pH value was reported. It was
obvious that in pH range from 3.8 to 5, the potentials of the SPEs and CPEs are practically
independent of pH as is shown in Fig. 4. At lower or higher pHs, a drift is observed which
could be due to the formation of some hydroxyl complexes of copper(Il) and the formation
of doubly charged [PhenHz]2+ and neutral [Phen] species, so all potentiometric titrations
were carried out at pH = 4.2 using acetate buffer. Also, previous studies showed that the
pH range for PVC electrode is 3.8-4.5 [23].

3.5 Effect of Temperature

The effect of temperature on the performance of the electrodes was studied at different
temperatures ranges from 10 to 60 °C. A straight-line plot is obtained according to the
following equation [49]:

E® = Eys) + (dE°/d1) (1 — 25), (1)

where E?zs) is the standard electrode potential at 25 °C. The slope of the straight-line
obtained represents the isothermal coefficient of the electrode. The isothermal coefficients
were found to be 0.0125 and 0.0154 mV-°C~" for the SPE and CPE sensors, respectively,
as shown in Fig. 5. The values of the isothermal coefficients of the electrodes indicate that
SPE and CPE have a fairly high thermal stability within the investigated temperature
range. The investigated electrodes were found to be usable up to 60 °C without noticeable
deviations from Nernstian behavior.

3.6 Response Time
For analytical applications, the response time of a sensor is of critical importance. The SPE
and CPE sensors showed very fast response times (Fig. 6) (8 s for 107> mol-L ™" and 11 s

for lower concentrations) which are shorter than for previously reported copper(Il) sensors
[36, 40, 50, 51] and the equilibrium potentials essentially remained constant for 7 min.

@ Springer



1344 J Solution Chem (2013) 42:1336-1354

1 S ___-_—--.\
(@) g5,
500 -
450
=
= 400 4
=
350 -
300 -
250 -
. : ; . ; : :
0.0 05 1.0 15 2.0 25
V [phen],mL
b
( )450 -
400 -
> 3504
g
=1
300 -
250 e
__ DBP
TCP
200 . : : : . : i : 3 : 0-N I’:OL
0.0 0.5 1.0 15 2.0 15

V |Phen],mL

Fig. 3 Effect of plasticizer type on the performance of a SPE and b CPE sensors at 25 °C
3.7 Selectivity and Interference

The selectivity coefficient of the modified SPEs and CPEs were evaluated by using the match
potential method (MPM). A 1073 mol-L~! Cu(1) activity was used as reference solution. In
this method, the potentiometric selectivity coefficient is defined as the activity ratio of
primary and interfering ions that give the same potential change under identical conditions.
The selectivity coefficient was calculated from the activities of the interfering ions and
copper(Il) ion, which induced the same potential change using the following formula:

\
Aoy — Acu

log,o Kcup =
ap

(2)

where ac, is the Cu(Il) activity of the reference solution (10~ mol-L™"), ag, is the Cu(II)
activity of the solution after addition of Cu(Il), aj is the activity of B, the interfering ion, in
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Fig. 4 Effect of pH a SPE and b CPE sensors at 25 °C

the solution after addition of B ions into the reference solution to reach the same potential
change. The logo Kcyp values obtained by the MPM are summarized in Table 5. The
results summarized in Table 5 indicate that the modified SPE and CPE sensors are highly
selective for Cu(Il) ion and there is no interference from the studied cations except iron,
which showed a high selectivity coefficient. The interference of excess ferric ion can be
eliminated by adding 0.5 g of KF to each titration but excess ferrous ions are oxidized to
ferric ion by acidified hydrogen peroxide followed by heating to remove excess hydrogen
peroxide [23, 52].
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Fig. 5 Effect of temperature on the performance of a SPE and b CPE sensors at 10-60 °C
3.8 Analytical Applications

The modified SPE and CPE potentiometric sensors were also successfully applied for the
determination of copper(Il) in different samples such as water, soil, plant and fish tissue
samples. The copper(I) contents were determined with the modified SPE, CPE and atomic
absorption spectrometric methods (AAS). The results obtained are summarized in Table 6.
The results obtained for copper determination in water, soil, plant and fish tissue samples
using the modified SPE and CPE sensors are very close to those obtained using the
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Fig. 6 Dynamic response of different copper(I) sensors using different concentrations of Cu(Il) (10>~
107% mol-L™") at 25 °C

Table 5 Potentiometric selec-

tivity coefficients of some inter- .Interfering Keus Keus

fering ions using the SPE and ions (B) SPE CPE

CPE sensors at 25 °C 4 —4 4
K 1.85 x 10 1.51 x 10
NH,* 201 x 1074 171 x 107*
Na* 3.50 x 1073 324 x 107°
Mg** 321 x 1073 2.55 x 1077
Mn** 7.50 x 107¢ 8.54 x 107°
Pb** 1.99 x 1073 3.03 x 107°
Ba** 4.99 x 107° 459 x 107°
Co** 322 x 1074 239 x 1074
Ni%* 225 x 1073 1.48 x 1073
Ca*t 2.94 x 1073 321 x 1073
St 3.10 x 107° 233 x 107°
Zn*+ 2.10 x 1073 2.17 x 1073
cd** 6.34 x 107° 8.52 x 107°
APT 522 x 1073 8.58 x 107°
Fe" 0.51 0.65

recommended AAS method. As can be seen, the electrodes give acceptable standard
deviations (SD) and relative standard deviation (RSD) values for copper(Il) ion determi-
nation, which are also in satisfactory agreement with those obtained by the AAS method.

3.9 Precision and Accuracy
In order to determine the precision of the proposed potentiometric method, three different

concentrations of pure Cu(Il) solution, different water and soil samples (Table 7) and five
different titration runs of 1.5 mL of 1072 mol-L ™" Cu(II) with 10~2 mol-L~' Phen solution
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Table 6 Potentiometric determination of Cu(Il) in water, soil, plant and fish tissue samples using modified
SPE and CPE sensors at 25 °C

Sample no. [Cu(ID)] (mg-Lfl) SD RSD (%)
AAS SPE CPE AAS SPE CPE AAS SPE CPE
Water samples
1 0.25 0.249 0.248 0.006 0.005 0.007 2400  2.008 2.823
2 0.26 0.256 0.251 0.007 0.007 0.0052 2692 2734 2.072
3 0.09 0.086 0.082 0.002 0.0025 0.0024 2222 2907 2.927
4 0.26 0.258 0.254 0.004 0.002 0.0039 1.538 0.775 1.535
5 0.18 0.172 0.169 0.005 0.003 0.0049 2.778 1.744 2.899
6 0.15 0.147 0.145 0.004 0.0014  0.0025 2.667 0.953 1.724
7 0.02 0.019 0.018 0.0008 0.0007 0.0006  4.000 3.684 3.333
8 0.08 0.080 0.075 0.0025 0.0022  0.0021 3.125 2.750 2.800
9 0.14 0.135 0.133 0.0022  0.0041 0.0032 1.571 3.037 2.406
10 0.29 0.282 0.281 0.0028 0.0051 0.0047  0.966 1.809 1.673
Soil samples
1 0.18 0.172 0.172 0.0052  0.0042  0.0036 2.889 2.442 2.093
2 0.25 0.246 0.245 0.0043 0.0061 0.0052 1.720 2479 2.122
3 0.29 0.280 0.281 0.0062  0.0035 0.0066 2.138 1.250 2.349
4 0.25 0.250 0.248 0.007 0.0072  0.0055 2.800 2.880 2.218
5 0.17 0.162 0.163 0.0064  0.0034  0.0037 3.765 2.099 2.270
6 0.15 0.141 0.140 0.0035 0.0046  0.0044 2.333 3.262 3.143
7 0.09 0.088 0.087 0.003 0.0029 0.0029 3.333 3.295 3.333
8 0.14 0.138 0.136 0.0051 0.0041 0.0047 3.643 2971 3.456
9 0.02 0.019 0.019 0.0006  0.0005 0.0007 3.000  2.632 3.684
10 0.06 0.058 0.057 0.0019  0.0022  0.0016 3.167 3.793 2.807
Plant samples
1 0.02 0.0195 0.0194  0.0005 0.0004  0.0002 2500  2.051 1.031
2 0.05 0.047 0.047 0.0009  0.0012  0.0009 1.800  2.553 1.915
3 0.03 0.0295 0.0292  0.0008 0.0008 0.0007 2.667 2.712 2.397
4 0.05 0.048 0.048 0.0014  0.0009 0.0015 2.800 1.875 3.125
5 0.04 0.039 0.038 0.0009  0.0003 0.0008 2250  0.769 2.105
6 0.08 0.079 0.075 0.0021 0.0025 0.0024 2.625 3.165 3.200
Fish tissue samples
1 0.37 0.362 0.360 0.0044  0.0041 0.0023 1.189 1.133 0.639
2 0.26 0.258 0.255 0.0026  0.0016  0.0035 1.000  0.620 1.373
3 0.27 0.261 0.26 0.0075 0.0082  0.0045 2.778 3.142 1.731
4 0.30 0.295 0.293 0.0068 0.0049 0.0056 2.267 1.661 1.911
5 0.25 0.248 0.245 0.0042  0.0058 0.0068 1.680  2.339 2.776
6 0.37 0.366 0.362 0.0037  0.0062  0.0072 1.000 1.694 1.989
7 0.24 0.232 0.230 0.0056  0.0033 0.0029 2.333 1.422 1.261
8 0.26 0.254 0.241 0.0038 0.0052  0.0022 1.462  2.047 0.913
9 0.37 0.369 0.364 0.0062  0.0036  0.0043 1.676  0.976 1.181
10 0.29 0.285 0.287 0.0047  0.0046  0.0036 1.621 1.614 1.254
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(Table 8) were performed to evaluate the reproducibility of the results obtained. Tables 7
and 8 give a statistical summary of each of the titration series using the modified SPE and
CPE sensors. RSD and SD values were obtained within the same day to evaluate repeat-
ability (intra-day precision) and over 5 days to evaluate intermediate precision (inter-day
precision). The low values of the RSD and SD also indicate the high precision and the good
accuracy of the proposed method.

4 Conclusions

Screen printed and CPE modified with [Phen:TPB] were synthesized for potentiometric
determination of copper(Il) at pH = 4.2 by titration with Phen solution in the presence of
KSCN and acetate buffer. It was found that SPE has high performance and more selectivity
than CPE. The proposed SPE and CPE sensors show more advantages over other methods
as high performance, selectivity, sensitivity in a wide range of Cu(II) activities, long-term
stability (5 and 3 months for SPE and CPE, respectively), wide pH range and higher
calibration graph slope [23]. This method can be used for determination of copper ion in
water, soil, plant and fish tissue samples.
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