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ABSTRACT

1,5 Diphenyl carbazone (DPC) was used as a chemicalifier for design carbon paste electrode of @gpn. A
chemically modified carbon paste electrode withiddiquid and SiQ nanoprticles was prepared and used as a
sensor for Cti ion. The ionic liquid and SiOnanoparticles were used in the composition ofdikbon paste to
improve conductivity and transduction of chemidghal to electrical signal. The construction, perfance, and
applications of copper carbon paste electrode asatibed. The electrode displays a linear log {Qwersus EMF
response over a wide concentration range of 1.0%401.0x10°M with Nernstian slope of 29.76+0.35mV/decade
with limit of detection 3.2x10-7 over the pH ran@$B-7.8.The electrode exhibit a Nernstian slop@®76+
0.25mV per decade for Euion over a wide concentration range from 1.0%4d1.0x10°M.The electrode has a
fast response time (<6 s), a satisfactory reprodility and relatively long life time. The propossensor shows a
good selectivity toward Giiion in comparison to other common cations andwloeking pH range was7.0-11.
These electrode have been successfully applietiéatetermination of Giiions content in various real samples.
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INTRODUCTION

The universal ion selective liquid-state electrddsed on carbon was introduced by Ruzicka et al9ir0 [1-
3].Copper is one of the most widespread elementhénenvironment of industrialized countries. Doentany
applications of copper in industry [4], in many lbigical systems [5], and in medicinal and environtabsamples,
also is an essential element and is toxic at hiyhcentration. researchers have attempted to dewslogors for
copper determination with high selectivity and svisy [6-10].

The application of chemically modified electrodéSMES) in analytical chemistry has attracted considie
attention. A few number of CPEs have been demdsstras potentiometric sensors [11-13] in 1979 @801In
1980 Heineman et al. [14] described the first u$eaopolymer film chemically modified electrode as a
potentiometric sensor.

Using ion-selective sensor is very convenient foe tanalysis of samples having difficult matricescts as
industrial, soil and wastewater [1].Potentiometiectrodes based on ion-selective electrodes gecidly suited
for such determination because they offer advastageh as selectivity, high sensitivity, good psiei, simplicity,
and low cost. This research is to introduce a s@mple and inexpensive (potentiometric) methodetermination
of copper(ll) in a wide concentration range.

Carbon paste electrodes (CPEs) have attractediatteas ion selective electrodes mainly due torthdivantages
over membrane electrodes such as chemical inertmebsstness, renewability, stable response, lowni®Oh
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resistance, no need for internal solution and bilitya for a variety of sensing and detection apations[15-17].
Moreover, CPEs belong to nontoxic and environméntiiendly electrodes. In their case, problems hwit
passivation are simply eliminated by a simple anitlgrenewal of their surface[18]. Due to the abaventioned
properties, carbon paste electrodes seems to leeiakyp promising. To our knowledge, there are soeports on
determination of silver ion using a carbon pastetebde [19- 21], that use a few types of modifier

The present work describes construction, potentiomeharacterization, and analytical applicatiohao new
modified carbon paste electrode selective for coppe based on salophen as ionophore (Fig. 1). rEsalts
presented in this paper show that the sensor nealdifiy ionic liquid and SiPnanoparticles to achieve the better
electrode response for Cu (ll) ion. using this &lete has acceptable concentration range, low tietelimit and
gives reproducible results.

The modified electrode was successfully used aseasor for potentiometric determination of Cu(H)dqueous
sample.

Figure 1. Chemical structure of 1,5 Diphenyl car bazone asionophore.
MATERIALSAND METHODS

Reagents and solutions

All analytical reagent grade chemicals and distillgater were used for preparing all aqueous saigtidhe
graphite powder with the ionic liquid (1-butyl-3-thgl imidazolum hexa fluoroborate) was of high pyand was
used for the preparation of the carbon past. Teétoagsilane (TEOS) were purchased from Sigma. Qidoand
nitrate salts of the cations used are all purchdised Merck. In every case, the chemicals were Llgethe as
received condition without further purification.

Apparatus

The glass cell in which carbon paste electrode plased into contained an Ag/AgCl electrode (Azkceode,
Iran) as a reference electrode. Thé'CIPE was used as an indicator electrode. Both elesrwere connected to a
pH/mV meter (Metrohm-691, Switzerland).

The following cell was assembled for the conductbthe EMF (electromotive force) measurements:
Carbon paste electrode | samplé*Gon solution | Ag/AgCI-KClI (satd.)

Synthesis of monodisperse SiO, nanoparticles

As shown in Table 1, SKONPs were synthesized with average diameters rgréggnm (see fig 2). The Sj@ore
was prepared by the sol-gel method proposed thrbydtolysis and condensation of TEOS. 42 mI;NH#HO and
88.5 ml ethanol were dissolved into 42 ml deioniweder. After preheating 25 min under 55 °C, 33THBOS was
added, drop-by-drop, into the solution with a propgitation to disperse the droplets. Afterware, thixed solution
was stirred for 150 min and aged for 30 h. The ltiegu dispersions were separated from their motfegror
centrifugation, the precipitates washed severatsimith deionized water and ethanol before drying0eC for 18
h. Final SiQ nanoparticle was obtained by calcining the abaweder at 556C for 80 min.
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Fig. 2. TEM micrograph of SiO, nanoparticle obtained under reaction conditions.

Electrode Preparation

General procedure to prepare the carbon pasteradectvas as follows: Different amounts of 1,5 Dipyle
carbazone as an ionophore with an appropriate anodgraphene powder, ionic liquid, Plasticizer(DBd SiQ
nanoparetcles were thoroughly mixed. After homoggtion of the mixture, the paste was thoroughlykpdcdnto

the teflone tube and a electrice wire was inseirieglthe opposite end of the CPE to set up eledtdontact. The
external surface of the carbon paste was smootiitedahO; powder. A new surface was produced by scraping out
the old surface and replacing the new carbon pabie electrode was finally conditioned for 24 hdmaking it in a
3.0x10° mol L*Cu(NQs), solution [22-23].

RESULTSAND DISCUSSION

Carbon paste €l ectrode composition

The sensing element of a potentiometric ion-selecéilectrode has important role in selectivity hétraof the
electrode. the influence of the percent of maleirathe carbon paste composition was investigatetithe results
are summarized in Table 1.

Table 1. The optimization of the carbon paste ingr edients

NO | Composition of Carbon Paste (wt. Slope Dynamic linear range
lonic Liquid | lonophore| Graphite Powder] SiO2 nanoparticleg Plasticizer| (mV/decade)
1 15 5 68 1 11 24/9 1/0x10°-1/0x10"
2 10 3 70 4 13 18/17 1/0x10°-1/0x10*
3 14 5 71 3 12 22/4 1/0x10%-1/0x10*
4 13 4 71 3 10 23/9 1/0x10°-1/0x10*
5 11 5 66 4 14 24/2 1/0x10°-1/0x10*
6 10 4 67 4 15 29/76 1/0x10°-1/0x10*
7 10 4 67 4 15 26.7 1/0x10%-1/0x10"
8 13 5 64 5 13 26/4 1/0x10°-1/0x10"
9 14 3 66 2 15 23/8 1/0x10°-1/0x10*
10 8 4 72 3 13 23/54 1/0x10*1/0x10*

The typical CPE with optimized composition (eledgao.6) shows a Nernstian slope of 29.76 mVpeadiecthe
electrode composed of 10% lonic Liquid, 4% lonoghd@7% Graphite Powder, 15% Plasticizer and 4%, SiO
nanoparticle was found to be optimal for’Coarbon paste electrode. These results show thdDEC is an good
ionophore for C# ion, also, addition of Si©nanoparticle to the paste improves the linear eaamgd the response
time of the electrode. This new carbon paste adetwas selected for further examination.

Measuring range and detection limit

The response of the optimal modified“Cuarbon paste electrode (no.6) was tested acroS@owoncentration
range of 1.0x18-1.0x10" mol. L. The applicable range of the proposed sensor eésteom 1.0x10 to 1.0x10"
mol L™ as seen in Fig 3.

pH effect on the eectrode response

In order to study the effect of pH on the respoaféhe optimal modified Cii sensor (no.6), the potential was
measured for a fixed concentration of’Cion solutions at different pH values. The pH wasied from (1-14) by
addition of concentrated HNQor NaOH. The change in potential as a functiorpdf is shown in Fig.4. the
potential was constant and quantitative in the aite of 7.0-11. At pH<7.0, the electrode responeseeased rather
irregularly with increasing analyte acidity. At $ulkigh acidic solutions, the observed increaseobential indicates
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that the protonated ionophore possesses a poasnssjo the Ci ions and strong response tg € ions in the
solution. As can be seen in Fig. 4 the potentiarelesed sharply at higher pHs (>11) due to the dtGon of
Cu(OH), which not reacts with the ligand.
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Figure3. Calibration curve of Cu®* carbon paste electrode (Electr ode no.6)
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Figured. Effect of pH on the potential response of the Cu?* carbon paste electrodein the test solution of Cu® ion (10° mol L)

In addition, Fluctuations at pH greater than 11hmige due to the formation of soluble or insoluBl€* hydroxy
complexes. The fluctuations at a pH value of 7.@watributed to the protonation of ligand in theboen paste.

Responsetime

Response time is an important factor for any serisor electrochemical sensors, this parameter auated by
measuring the average time required to achievetenpal within £0.1 mV of the final steady-statet@atial upon
successive immersion of a series of interested, ieash having a ten-fold difference in concentratidhe
measurements of potential versus time were caaigavith the Cu(ll) nitrate solutions from lower.Qk10° M) to
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higher (1.0x18 M) concentrations (Fig.5). For the proposed medifCif* sensor, the response time was less than
4s.

840 E [[—
e A:1.0x10¢
200 | M | .
AT B: 1.0x10°%
T -1
E_ :E'G_cr_l A:1/0x10F C: 1.0=10
- B:1/0x104
740 C:1/0x103 D: 1.0x10-3
D:1/0x10
0 E:J:lel[}'l E:1.0x10-
700
680

0 5 10 12 17 22 25 30 35 38 43 48 50 55 57
t(s)

Figure5. Dynamic response time of the proposed car bon paste electrode (no. 6)

Selectivity

Selectivity is the most important characteristicaofy sensor, and describes an ion selective etegapecificity
toward the target ion in the presence of interfpions, The potentiometric selectivity coefficientisthe proposed
carbon paste electrode were evaluated by separatioa method (SSM) [8] and the results are depién Table

2.

Table2.Selectivity coefficients of variousinterfering speciesfor roposed sensor (no.6)

1111 Interferingions| kP | 1112 Interferingions| K5
Ca2+ 6/9x10-2 Fe3+ 2/9x10-3
Ni2+ 5/2x10-3 Na+ 6/8x10-1
Co2+ 5/9x10-2 Ag+ 1/3x10-2
Sn2+ 5/8x10-4 Li+ 2/3x10-2
Mg+2 4/1x10-3 Zn+2 1/3x10-3
Cd2+ 4/5x1(-3 Cr3+ 2/3x1(-3

The potential of a cell comprising an ion-selectdectrode and a reference electrode is measutbdwo separate
solutions, one containing the ion (i) at the atyi , the other one containing the ion( j)at the saotwity & = a;.
If the measured values dggandE;, respectively, the value of is calculated from ¢aeation:

Z,F(E — E;)
2.303RT

+ log [—ai(i)

pot _
lOgKU’ = [ aj(j)Z,;/Z]'

These results seem to indicate that interferenéectsf upon the performance of the electrode asseras
negligible.
CONCLUSION

In this work, CG* carbon paste electrode based on,Si@noparticle and DPC as ionophore is introduced. B
incorporating ionophore in composite of this alede, high selectivity and sensitivity to copper igere observed.
The modified CPEs show better potentiometric respdhan typical CPEs in terms of sensitivity, N&amsslope,
linear range, and response stability. Since thetrelde shows excellent sensitivity, selectivity atability, it may
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find application in the analysis of real samplelse Electrode has a great potential to be useckidékelopment of
portable analyzers for monitoring Cu (ll) ions iery polluted natural waters.
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