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Abstract

Two novel membrane sensors sensitive and reasonably selective Tbridbs are described. These are based on the use of newly
synthesized cyclic tetrapeptide derivatives as neutral ionophores and sodium tetraphenylborate (NaTPB) as an anionic excluder in pla
ticized PVC membranes. The sensors exhibit fast and stable near-Nernstian response over the concentration<rd@derld—? to
1.0x 1072 mol I-* Cuw?* with a cationic slope of 30.2-25.9 mV per decade at pH 4.5—-7 with a lower detection limit of 0.05¢0mI3*.

Effects of plasticizers, lipophilic salts and various foreign common ions are tested. The sensors display long life-span, long term stability,
high reproducibility, and short response time. Selectivity of both sensors is significantly high¥oo@u Fé*, AlI%*, Zr?*, Cd*, Hg?,

Ni2*, C&?*, Mn?*, alkaline earth and alkali metal ions. The sensors are used for direct measurement of copper content in different rocks
and industrial wastewater samples from electroplating factories. The results agree fairly well with data obtained using atomic absorption
spectrometry.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Plasticized poly(vinyl chloride) membrane sensors in-
corporating neutral carrier ionophores have been suggested,
Assessment of accumulation, deficiency and concentra-including thiacrown etherfl4], azathiacrown ethers, con-
tion of low levels of copper require sensitive, reproducible taining 1,10-phenanthroline moiefg5], thiuram disulfide
and accurate analytical techniques. Methods in current[16], dithiocarbamat§l7], dithioaceta[18], thiohydrazone
use for copper quantification include inductively coupled and thiosemicarbazongl19], dithiodianiline [20], thio
plasma/mass spectrometf{,2], stripping potentiometry  and dithiosalicylic acid[21], pyrimidinethione deriva-
with matrix-exchange techniqueg], voltammetry [4], tives/carbon pastg22], macrocyclic diamidg23], Schiff’'s
atomic absorption spectromef{f~7], UV—-vis spectrometry  baseg24—27], ethambutol/copper complg38], ribonucleic
[8,9] and potentiometry with chemical sensdiB0,11]. acid [29], hydrotris(3-isopropylpyrazolyl) methang0],
Although, the commercially available solid-state copper 9,10-anthraquinone derivativef31] and calixazacrown
electrode based on CuS—§ membrane has been com- ethers[32]. However, most of these sensors suffer from
monly used for determining Gti ions in various matrices  sever interferences from one or more oPZnCc*, PI?*,
[12,13], the presence of Ag Hg?*, Ck*, Fe*, CI- and Hg?*, Ag* and N4 ions[14,19-21,23,25,28-30]. It seems
S%~ ions causes serious interference. that the chemical and structural features of macro cyclic
metal ionophores varied by incorporating different soft and

* Corresponding author. Tel.: +20 2 6822991; fax: +20 2 6822991. hard donor atoms in the chelating ring, thereby promoting
E-mail addresssaadsmhassan@yahoo.com (S.S.M. Hassan). the stability and selectivity of the resulting complexes, as
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well as forcing metal ions to adopt typical coordination spectrophotometer (model UV-1601) using 1.00cm quartz
geometry. cuvettes.

On the other hand, peptides are very effective and often
specific ligands for a variety of metal ions due to the presence ; >  Reagents
of potential donor atoms in their backbone. Acyclic amides
and peptides exist in a variety of conformations and their Al reagents used were of analytical grade and doubly dis-
binding to metal ions involving participation of either the  jjled deionized water was used throughout. High molecular
carbonyl oxygen or the amide nitrog¢83]. It has been  yeight poly (vinyl chioride) (PVC)p-nitrophenyloctylether
demonstrated, however that significantly stronger binding of (o-NPOE), dioctylphthalate (DOP), dibutylsebacate (DBS),
metals to peptides is obtained when the amide nitrogen arésodium tetraphenylborate (NaTPB) and tetrahydrofuran
involved[34,35]. This can be only achieved by using cyclic (THF) were purchased from Fluka. Nitrate salts of all cations
peptides. Spectroscopic studies on cyclic tetraaza ligandsysed (all from Merck) were of the highest purity available
confirm coordination of copper with N-donor tetradentate ang ysed without any further purification. lonophores (1) and
(N4) macrocyclic ligand$36]. Simple synthesis of different (1) were prepared and purified by column chromatography
cyclic peptides renders these ligands highly attractive classaccording to the method previously publistigd]. Purity of

of electroactive materials for developing potentiometric oih compounds was verified by thin layer chromatography.
metal ion sensor83].

In the present work, two polymeric membrane sensors
incorporating novel synthesized cyclic tetrapeptide deriva-
tives (1) and (1) were prepared, characterized, compared and
used for determination of copper in real natural samples.
The differences between the two ligands are that ionophore
(I) is more hydrophobic with less ring size than ionophore
(), whereas the latter is more polar due to the presence
of asymmetric substitution with an ester group. Sensors
based on both ionophores offer the advantages of lower de
tection limit, fast response time, long term stability, near-
Nernstian slope over a wide range of concentration, and
remarkable selectivity for Gi ions over most common
cations.

2.3. Membrane preparation and sensor construction

The general procedure used for preparation of the PVC
membrane is similar to that previously descrijé@—40].
A 2.9mg of the ionophores, 66.5mg PVC, and 127 mg
of dibutylsebacate (DBS) solvent mediator and 2.1 mg of
sodium tetraphenylborate (NaTPB) were thoroughly mixed
‘in a petri dish (3 cm diameter) and dissolved in 5ml of dry
freshly distilled THF until a homogeneous solution was ob-
tained. The solvent was allowed to evaporate slowly at room
temperature. A membrane was sectioned with a cork borer
(10 mm diameter) and glued to a PVC tubing (~3 cm length,
8mm i.d.) using THF. The electrode body consisted of a
glass tube attached to PVC tubifgl]. The internal ref-
erence solution was prepared by mixing equal volumes of
1.0x 10~2molI~1 CuSQ and 1.0x 102 mol =1 KCI. An
Ag/AgClinternal reference electrode (1.0 mm diameter) was
immersed in the internal reference solution.

The sensors were calibrated by transferring 1.0 ml aliquots
of 10~ molI~1to 10-6 mol -1 aqueous C#f solutions to 50
ml beakers, containing 9.0 ml de-ionized double distilled wa-
ter or 10-2 mol |1 acetate buffer solution of pH 5.5 followed
by insertion of the corresponding €uPVC membrane sen-
sor in conjunction with a single junction Ag/AgCl reference
electrode. The potential readings were recorded after stabi-
lization to 0.2 mV and the emf readings were plotted as a
function of logarithm Cé&* concentrations. The calibration
graphs were used for subsequent determination of unknown
copper concentration.

2. Experimental
2.1. Equipment

Potentiometric measurements were performed at 25
1°C using an Orion pH/meter (model SA 720) and
CWw?* ion-PVC membrane sensor based on ionophores
() and (I1) in conjunction with an Orion Ag/AgCI sin-
gle junction reference electrode (model 90-01) filled with
10% (w/v) KCI. A combination Ross glass pH elec-
trode (Orion 81-02) was used for all pH measurements.
The cell used for EMF measurements was of the type:
Ag/AgCI/KCI (10~ moll~1)|sample test solution||sensor
membranel|internal filling solution|AgCI/Ag. The potential
readings of stirred 16 moll~1 to 10" moll~1 CusSQ
solutions were measured, recorded after stabilization to
+0.5mV and a calibration graph was constructed. Atomic 2.4. Effect of interfering ions
absorption spectrometric measurements of‘dans were
made with Perkin—Elmer spectrometer (model 3100) at PotentiometricselectivitycoeﬁicientsE%f g) were deter-
324.7nm with a copper hollow cathode lamp using the mined using the separate solutions metf#g]. The logacy
recommended optimum conditiorf§]. Copper ores were  Versusk relations of the sensor for the primary and inter-
digested in a Microwave Sample Preparation System fering ions were obtained independently. Then, the activities
(Type MDS-2000), CEM Cooperation, U.S.A. Spectropho- that correspond to the same sensor potential value were used

tometric measurements were made with SHIMADZU UV to determine thd(gﬂt’Bvalue. The emf values obtained were
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plotted versus the logarithm of the activity of the interfering digestate was transferred into a 50 ml beaker followed by 1 ml
ion. The intersection of the extrapolated linear portions of this of 10~2 mol =1 acetate buffer solution of pH 5.5. The solu-
plotindicated the value of the concentration of interfering ion tion was completed with doubly distilled deionized water to a

ag usedto calculate(g?:B from the equation: total volume of~10ml. lonophore (I) membrane based sen-
sor and a single junction Ag/AgCI reference electrode were
K(p:%tB - % immersed in the test solution and the concentration &fCu
T ghevs was measured by direct potentiometry.

whereacy is the activity of C&"* ion, ag the activity of the 2 7. Determination of G&f in industrial wastewater
interfering ion, andZc, andZg the charges of the primary

and interfering ions, respectively. A 10 ml aliquot of a well shaken wastewater sample ob-
tained from electroplating factories and containing copper
2.5. Direct potentiometric determination of €uions ions was treated with 10 ml of 1 moi} HNO3 and heated for

boiling on a hot plate for 10 min to decompose the metal com-

Copper membrane sensors based onionophores (1) and (llplexes. The solution was quantitatively transferred to 100 ml
with NaTPB as ion discriminator and Ag/AgCl single junc- measuring flask and completed to the mark withaol |2
tion reference electrode were immersed into a 25 ml beaker,acetate buffer of pH 5.5. The copper sensor and the reference
containing 10 ml aliquot of 1® moll~1 acetate buffer of  electrode were immersed in 10 ml of the test copper solution
pH 5.5. The solution was stirred till a stable response within and the concentration of €tiin the sample was determined
+0.2 mV was obtained. Portions (10-100 of 103, 102 by direct potentiometry.
and 101 mol =1 CuSQ solution were added to the test solu-
tion. After each addition, the potential response of the sensor i )
was measured after stabilization and plotted against the Ioga—3' Results and discussion
rithm CU?* concentration. The plot was used for subsequent
determination of unknown Cii test solutions. Alternatively,
f[he known add_ition (spiking) technique_was used by measur- Copper PVC membrane sensors based on ionophores
ing fche potentials of copper test solutions before ar_ld after(|) and (II) (Fig. 1) with the composition: 1.5wt.%
addition of 1.0ml of 162molI~* standard C& solution  ionophore, 33.8wt.% PVC and 64.7wt% plasticizer ex-

3.1. Characteristics of the sensors

(10]. hibits linear responses to €uions within the concen-
tration range 1. 10-¢moll~1 to 1.0x 102moll-1 and
2.6. Determination of copper in rocks 4.0x 105moll~1 to 3.0x 102 mol =1 with lower detec-

tion limits of 9.0x 10~"moll~1 and 2.0x 10-®mol -1,

About 1.0 g portion of a well ground copper-bearing rocks respectively. Increase or decrease the composition of the
was transferred to a clean microwave vessel. A 2ml por- membrane constituents does not significantly affect the re-
tion of doubly distilled deionized water and 5 ml of 1 mot| sponse of the sensors. In presence of 1wt.% of NaTPB as
HNOs3 were added to get all sample particles on the vessela membrane additive, and 1.5 wt.% of ionophore, 33.5wt.%
wall down in the solution, and allowed to stand overnight. PVC, 64 wt.% plasticizer, the limit of detection, linear range
The microwave vessel was placed in the microwave oven andand calibration slope are improved. The detection limits
subjected to rapid heating at elevated pressures; maximumare 7.5x 10~ moll~1 and 2.1x 10~8mol -1 and the lin-
temperature 1000C, pressure 170 P$43]. The contents  ear ranges are 1010 5moll~1to 1.0x 10-2mol I~ and
of the vessel were quantitatively transferred to a 25 ml mea- 3.1x 10-8molI~1to 1.0x 102 mol I~1 for membrane sen-
suring flask, and shaken well. A 1.0 ml aliquot of the sample sors incorporating ionophores (1) and (ll), respectively. Both

=

. 0 0 X | 0

* N
HNH \'HI\( /JINH NHIJ\
07 NH N Yo 0% “NH HN Y0

Ionophore (I) Ionophore (1)

COOCH;

Fig. 1. Structural formula of cyclic tetrapeptide ionophores.
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sensors exhibit near-Nernstian slope of 38.BmV per 3.2. Effects of pH and foreign ions
decade (correlation coefficient 0.9960), and 26BmV
per decade (correlation coefficient 0.9979), respectively A study of the potential-pH curves of Eumembrane sen-
(n=6). sors based on ionophores (1) and (Il) reveals that within the
Copper PVC matrix membrane sensor incorporating range 4.5-7, the potential does not vary by more thamV.
ionophore (1) and different plasticizers having various di- AtpH >7 the emf of the sensors sharply decreases due to pre-
electric constants (e.g. DBS, DOP andNPOE) were pre-  cipitation of Cu(OH) and/or formation of hydroxyl copper
pared and tested. Membrane sensor based on ionophoreomplexes and competition of OHon with the ionophores
() plasticized with DBS (s 4), DOP (&=7) ando-NPOE for CL?* ions. At pH < 4, interferences from™Hons is signifi-
(e =24) shows calibration slopes of 27.2, 17.1 and 16.4mV cantwith subsequentincreasing in the potential response. All
per decade with lower detection limits of 3010~" mol -1, subsequent potentiometric measurements éf @ns were
1.8x 10-°moll~1 and 5x 10-°moll~-1, respectively. With  made in 162 moll~1 acetate buffer background of pH 5.5.
membrane sensor based on ionophore (Il), calibration Potentiometric selectivity coefficients of the sensors
slopes of 17.1, 17.8 and 12.3mV per decade are obtainedtowards different cationic species were evaluated using the
with DBS, DOP and NPOE membrane plasticizes, re- separate solutions method (SSMR]. In this method, the
spectively. It can be seen that sensor based on ionophoreselectivity coefficients of the copper sensors were evaluated
(1) in DBS plasticized membrane shows lower slope and graphically at a fixed potential of both €uions and the
higher detection limit than that incorporating ionophore interferent (Figs. 3 and 4). High concentrations of most
(I). This is probably due to the interaction of the po- cations, except Zxt and PB*, do not affect the selectivity of
lar ester moiety of ionophore (Il) with the ester group of the sensors towards €u This is probably due to the stronger
DBS. interaction of these ionophores with €u lonophore (I)-
In general, membranes incorporating DBS plasticizer, based membrane sensor exhibits higher selectivity fé# Cu
give more favorable linear range, slope and low detection in the presence of B& AIS*, Zn?*, Cd*, Hg?t, C&,
limit than those, containing DOP amitNPOE plasticiz-  Ni2*, SP*, C&*, Mg?*, K*, Na" and Ad" cations compared
ers. Low dielectric constant solvent mediators have beenwith membrane sensor based on ionophore (II). On the
previously recommended for some divalent metal cation other hand, ionophore (ll) displays high selectivity for
membrane sensol£9,44,45]. Table 1shows the perfor-  Cu?* in the presence of M, Cs" and Li* ions (Table 2).
mance characteristics of copper membrane sensors based oim general, both sensors display a selectivity order of:
ionophores (1) and (II) with different plasticizers in the pres- Cu?* > P >> Zn?* > C#* > Hg?* = Ni2* > Mn?* > Co?* >
ence of NaTPB. Typical calibration plots for these sensors are Fe** > Al3* > Cs* > Li*. Interference due to Bbwith both
shown inFig. 2. The dynamic response times of sensors basedsensors is easily circumvented by addition of sulfate ion
on ionophores (I) and (Il) to reach95% of equilibrium re- to the sample test solution prior to measurement. Other
sponse, are-15 and 20 s, respectively. In general, ionophores previously suggested sensors display superior selectivity in
(1) and (Il)-based sensors exhibit similar response character-the presence of Bhions[15,23,31].
istics for C#* ions. The slight differences in lipophilicity, Variation of selectivity is probably due to the ability of
ring size and polarity of the two ionophores do not signifi- the metal ion to cause deprotonation of the peptide-amide
cantly affect the general electrochemical performances of thenitrogen. Metal induced deprotonation of the amide nitro-

Sensors. gen increases the number of coordination points between the
Table 1
Potentiometric response characteristics of copper (Il) PVC membrane sensors based on ionophores (I) and (1) using different plasticizers
Parameter lonophore (I} lonophore (11}

DBS DBS + NaTPB DOP NPOE DBS DBS + NaTPB DOP NPOE
Slope (mV decade') 27.2 30.3 17.1 16.4 17.1 25.9 17.8 12.3
Correlation coefficient; (n=6) 0.9920 0.9960 0.9990 0.9980 0.9970 0.9979 0.9985 .996D
Linear range (moft?) 1x10% 1x10°6 1x10°° 31x10° 4x10% 3.1x10°® 3x10°° -

1x10% 1x10°2 1x 1072 1x 1072 3x10°% 1x1072 3x 103 -
Detection limit (mol 1) 9x107  75x1077 1.8x10° 5x10° 2x108  21x10°6 1.5%x10°° -
Working range (pH) 4.5-7 4.5-7 4.5-7 4.5-7 4.5-7 4.5-7 4.5-7 -
Response time (s) <15 <15 <15 <20 <20 <20 <20 -
Standard deviatiors,, (mV) 0.3 0.3 0.5 0.6 0.6 0.4 0.6 0.6
Accuracy (%) 98.7 99.1 97.6 96.8 97.1 99.5 96.4 96.2
Repeatability, Cy (%) 0.3 0.3 0.4 0.3 0.4 0.3 0.3 0.3
Between-day variability, Gy(%) 0.7 0.7 0.8 0.6 0.7 0.7 0.6 0.6
Life-span (week) 8 8 6 6 6 8 6 6

2 Mean of six measurements. Membrane composition: type 1: PVC, 33.8 wt.%, ionophore, 1.5 wt.%, plasticizer, 64.7 wt.%; type 2: PVC, 33.5 wt.%, ionophore,
1.5wt.%, DBS, 64 wt.%, NaTPB, 1.0 wt.%.
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Fig. 2. Potentiometric response of copper PVC membrane sensors based on: (A) ionophore (1) and (B) ionophore (I1) using different plasticizers.

metal and peptide. It has been reported that the order of pep-tion range and lower detection limit are also offered by the
tide hydrogen displacements by metal ions is in the order proposed sensors compared with some of those previously
Cuw?* > Ni?* > Co?* [35] which is in a good agreement with  suggeste14,15,19,23,31,32].
the obtained selectivity data.

Table 2shows a comparison of the performance character- 3.3. Direct determination of G ions
istics of some previously reported €umembrane sensors
with those described in this work. Selectivity coefficients Determination of C&*, containing solutions using cop-
of the proposed sensors for most ions were in the order of per PVC membrane sensors-based ionophores (1) or (II) was
10-3 or smaller, indicating superior selectivity over other sen- validated according to the quality assurance standd®ls
sors[14,16,18-21,23,25,28-36%pecially in the presence of  The assay method for uiions over the concentration range
Cd?*, Mg?*, AI3+, Zr?*, Ba2t, Hg?t, Co?, Ni2*, Nat, K+, 0.5-10ug ml~1 was validated using six batches (six determi-
Cs', C&*, Fe* and Agd ions. Wider working concentra-  nations each) for measuring accuracy, precision, range, lower

1204
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|
100 |-A-8a"
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100 — N
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80 z
w
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£ 60|
5 40-
40
20
20|
0] 01
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Fig. 3. Potential response of copper PVC membrane sensor based on ionophore (1) for various metal ions.



Table 2

General characteristics of some potentiometric copper membrane sensors based on neutral ionophores

pot

lonophore Range (molt?1) Slope, mV Lower limit of Selectivity coefficient (logK ¢, g Reference
per decade detection (molt?)
Thiacrown ethers 1x105t01x 101 22.3 1.4x 1077 Co?* (—1.0), NE* (—1.4), PB* (+0.1), Cd* (-1.5) [14]
Aza-thio ether crowns containing 1,10 phenanthroline x 10~5to2x 101 29.4 8x10°° Ag* (—2.13), PB* (—2.69), T (—2.92) [15]
Thiuram disulphides 31 41077 K* (—0.8), Na (—1.5), Zr#* (—1.0), PB* (—0.9) [16]
Dithiocarbamate 1x10%to1x 1072 28-29 4x1077 C* (—=2.1), CG* (—1.9), Mrf* (—2.4), Mg+ (—2.8) [17]
Dithioacetal 3x10%t05%x 102 29+1 1x10°6 Ag* (—0.6), H* (—1.3) [18]
Thiohydrazone and thiosemicarbazone 1x105t01x 101 27.2 6.3x 1076 NH4* (—1.69), C&* (—1.09), M¢** (—1.49), Zrf* (—0.15),  [19]
Ba?* (—0.76), PB* (—0.79), Cd* (—0.60), Hg* (+2.2)
2,2'-Dithiodianiline 7x 107 t05x 1072 30+1 6x 1077 Pt (—0.28), Fé* (—3.27), Cd*, Ni%*, Hg?* (<—3.5), Ag”  [20]
(<—4.01)
Thio and dithiosalicylic acids 10760 10732 68.7 1077910763 PE?* (+0.61), Mgt (+0.18), Cd* (+0.03), C&* (—0.29), [21]
Al®* (+0.32), Fé* (—1.16)
Pyrimidine thione derivatives/carbon paste 9.7x107t07.6x 1072 3042 7.7x 1077 NR [22]
Macrocyclic diamides 3.2x10%t0 1x 1071 30 1.2%x 1075 Hg?* (—2.4), Cd* (—1.58), PB* (—2.2), NPt (=2.01), Zr#*  [23]
(—2.3), SP*(—1.03), C$ (—0.79), K" (—0.88), N& (—0.48),
SP* (—-1.03), C&* (—1.63)
Schiff's base 6x108to1x 1071 29.1 3x10°8 K* (=2.2), Ad" (—2.1), Nd (-2.21) [24]
8x108t01x10°? 29.5 1.0x 1076 PE* (—0.5), SF* (—2.09), APt (—1.31). [25]
1x106t01x 1072 30.0 >10~7 Li* (—1.50), N& (—1.75), Ad" (—1.81), K (—1.85) [26]
1x10%t01x 1072 27.6+0.1 2.5x 1077 (Hg?*, Li*, Na', Ag*) NR [27]
Ethambutol-copper (I1) complex 79x10%t01.0x101 299 7.0x10°6 Hg?* (—0.1), K (—0.2), CG* (—0.87), PB* (—0.81), AP*  [28]
(—0.68), N#* (—0.59), N& (—0.48)
Ribonuclic acid 1.0¢10°%t01.0x 102  31.3 2.0x 1076 Hg?* (—1.34), M¢* (—1.25), C&* (+0.21), Mrf* (=1.11),  [29]
Cr* (+0.52), Fé* (+1.17), Ad (—1.50)
Hydro tris(3-isopropylpyrazolyl)methan 1x10%to5x 1073 29.1 2x10°8 PE?* (0.00), Cd* (—3.5) [30]
9,10 Anthraquinone derivatives 1.0x105t01.0x 1001 273 8x 106 Zn?* (—1.49), Cd* (—2.27), PB* (—1.37), K" (—2.44),NF*  [31]
(—2.18), Ag' (—2.10)
Calixazacrown ethers 1x10%%to 1x 10725 27.2 1x10°5 Fe¥* (—1.22), NF* (—1.72), Cd* (—1.92), K" (—1.60),RE  [32]
(-1.1)
lonophore (I) 1x108to1x 1072 30.3 7.5% 1077 Li* (=5.10), N& (=5.15), K* (=5.10), C$ (—4.30), AB*  This work
(—4.06), Mg+ (—3.22), C&" (—3.40), Ad" (—3.09), SF*
(—2.82), Fé* (—3.20), Mrt* (—2.69), B&* (—3.00), Fé*
(—2.84), NP (—2.52), C@* (—2.71), Hg* (—2.52), Cd*
(—2.39), Zr#* (—1.70), PB* (—0.52)
lonophore (I1) 3.1x 10 %t0 1x 1072 25.9 2.1x 1076 Li* (—=5.51), N& (—4.30), K* (—4.41), C$ (—4.42), AB*  This work

(—3.97), Mg+ (—2.85), C&* (—3.00), A" (—2.60), SF*
(—2.70), Fé* (—3.06), Mrt* (—2.82), B&* (—3.10), Fé*
(—3.05), NP* (—2.52), C8* (—2.60), Hg* (—2.39), Cd*
(—2.15), Zr#* (—1.52), PB* (—0.39)

NR: not reported.
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Fig. 4. Potential response of copper PVC membrane sensor based on ionophore (l1) for various metal ions.

limit of detection, repeatability (Gy) and between-day vari-  Table 4
ability (va). The results obtained are presented'ah)le 1. Determination of copper in electroplating baths using potentiometry with
A statistical analysis of the results indicates that at the 95% copper PVC membrane sensor based on ionophore (I) and atomic absorption

. . . spectrometry (AAS)
confidence level, the method shows no statistical difference.
Sample Copper content (mgH)2
3.4. Determination of copper in ores Potentiometry AAS Difference
Bath (1) 88.4+ 0.9 90.14+ 0.7 1.7
The copper contents of some natural rocks (Cu-bearing Bath (2) 1125+ 0.6 110.2+ 0.5 23
Bath (3) 125.6+ 0.2 128.6:+ 0.4 3.0

shale and Cu-oxides in basement rocks) taken from differ-
ent geological areas were assessed. The rocks were grinded,” Mean of six measurements.
digested with nitric acid and their contents of copper were

measured by direct potentiometry using membrane sensor L : , .
based on ionophore (I). The resuits obtained show an aver-1€S: The samples were treated with nitric acid to dissociate

age Cu content ranging from 13 to110 mgief rocks. The the metal complexes, anc_i the €icontent was determined
mean standard deviation #50.6%. Similar results are ob- Y directpotentiometry using the proposed copper membrane

tained using atomic absorption spectrometry (Table 3). sensor. Data obtained using atomic absorption spectrpme—
try at wavelength 324.7 nm show a close agreement within

3mgl? (i.e. 97.7+ 0.7%) (Table 4).

3.5. Determination of Cif ions in wastewater

lonophores (I) membrane-based sensor was used for po-
tentiometric determination of Gti ions in some industrial 4. Conclusions

wastewater samples obtained from local electroplating facto-
Copper poly(vinyl chloride) matrix membrane sensors

Table 3 baseq on cyclic tetrapeptide ionophores are prepared, char-
Determination of copper in some rocks using potentiometry with copper af:t,erlzed and used fo,r ét"mefasuremems' Th,e sensor's. ?X'
PVC membrane sensor based on ionophore (1) and atomic absorption spechibit fast response, wide working pH range, high sensitivity,
trometry (AAS) long-term stability and good selectivity. Advantages and lim-
Sample Copper content (mgd)? itations of many of the previously suggested potentiometric
membrane copper sensors are givemable 2, for compari-

Potentiometr AAS Difference .

_ y son. It can be seen that the sensors suggested in the present
Cu-bearing shales (1) 30807 305408 04 work have several inherent advantages over many of those
Cu-bearing shales (2) 41F% 0.6 425+ 09 0.8 . v d ibed. Th d for det L
Cu (loea Gabbrofrom  109.84+ 0.6  110.4+ 0.7 06 previously described. The sensors are used for determining

oxidation zone) copper in ores and for monitoring copper ions in industrial
Cu-oxide basementrocks ~ 13480.7 143+ 08 05 wastewater. The results favorably compare with data obtained

a Mean of six measurements. using atomic absorption spectrometry.
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