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Abstract

A new PVC membrane potentiometric sensor that is highly selective to Fe(lll) ions was prepared by using 2-[(2-hydroxy-1-propenyl-buta-
1,3-dienylimino)-methyl]-4-p-tolylazo-phenol [HPDTP] as a suitable carrier. The electrode exhibits a linear response for iron(lll) ions over
a wide concentration range (3:51076 to 4.0 x 1072) with a super Nernstian slope of 28.5 (+0.5) per decade. The electrode can be used in
the pH range from 4.5 to 6.5. The proposed sensor shows fairly a good discriminating ability towHrésnHa comparison to some hard
and soft metals such as#e Cf*, Ci#+, AlI®+ and C&". It has a response time efl5s and can be used for at least 2 months without any
measurable divergence in response characteristics. The electrode was used in the direct determintiam adureous samples and as an
indicator electrode in potentiometric titration of Fe(lll) ions.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction exchanger electrodes for iron complexes, such as tetracholo-
roferrate(lll) or iron(I)-1,10-phenantroline, were described
Iron is widely distributed in nature and is one of the most and may find applications in special cases, but the selectiv-
important elements in biological systems. Biologically, iron ity arising from complexation in the aqueous solution is in
plays roles in the transport and storage of oxygen and alsoneither of these two cases fully satisfact¢tg,17].
in electron transport, and it is safe to say that, with only a  The Schiff bases derived from salicylaldehyde (salens)
few possible exceptions in the bacterial world, there would polydentate ligands are known to form very stable com-
be no life without iron1]. If iron concentration exceeds the  plexes with transition metal iorj$8—20]. The resulting salen
normal level it may become potential health hazard. Iron complexes have attracted increasing attention, mainly due to
deficiency leads to anaemia. Excess iron in the body causegheir peculiar propertiefl9] and their reactivity mainly in
liver and kidney damage (haemochromatosis). Some ironthe area of binding small molecul§k8,20]. As is known,
compounds are suspected carcinogens. Hence the need fdBchiff bases are reagents, which are becoming increasingly
iron ion determination in clinical, medicinal, environmental important in the pharmaceutical, dye and plastic industries
and different industrial samples has led to a number of meth- as well as for liquid-crystal technology and mechanistic in-
ods for the measurement of this analyg-8]. However, vestigations of the drugs used in pharmacology, biochem-
despite the urgent need for Fe-selective sensors for the po-istry and physiology23]. In addition, they are potential ap-
tentiometric monitoring of F&" ions, there have been only  plications as metallomesogens and their use in development
limited reports on F&" ion selective electrodes in the liter-  of photonic device$21]. However, despite extensive scien-
ature[9,10]. A few examples for the use of solid-state ISEs tific reports on the synthesis, characterization and crystalline
for Fe(lll) were reported11-15]. Also ionophore-free ion  structure of the transition metal-salen complexes, there have
been only limited reports on the use of salen molecules as
* Corresponding author. Tel#98 341 3222033; ionophore in ion-selective studi¢g2—27].
fax: 108 341 3221452, We have recently reported the successful use of
E-mail address: mashhadizadeh@yahoo.com (M.H. Mashhadizadeh). some mercapto compounds and Schiff bases in con-
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struction of poly vinyl chloride powder (PVC)-based trate. A silver/silver chloride electrode was used as an inter-

membrane selective sensors for 2Ni Cc?t, Hg*™ nal reference electrode.

and Cd* ions [28-34]. In the present work, we used

2-[(2-hydroxy-1-propenyl-buta-1,3-dienylimino)-methyll-4- 2.4, Preparation of sample solution

p-tolylazo-phenol [HPDTP] recently synthesized in our

laboratory[35] as an excellent neutral ion carrier in con- Raricap-haematinic tablet weighing 1.157 g containing

struction of a novel F&"-PVC membrane electrode. 25mg iron as ferrous calcium citrate was dissolved in 1 ml
concentrated nitric acid by heating for 5min. The solu-
tion was mixed with 10 ml water and boiled to remove

2. Experimental excess acid. The resulting solution was diluted to 500 ml
in a volumetric flask. Standard solutions were prepared by
2.1. Reagents appropriate dilution of the stock solution with water.

Analytical reagent grade chemicals and doubly dis- 2.5. Electrode system and emf measurement
tilled water were used for preparing all aqueous solutions.
High molecular weight poly vinyl chloride powder, dioctyl All emf measurements were carried out with the following
phthalate (DOP), dibutyl phthalate (DBP), dimethyl se- cell assembly:
bacate (DMS) and tetrahydrofuran (THF) were obtained ~Ag/AgCl| 10~ M Fe(NQ)3 | electrode membrane | sam-
from Aldrich. Sodium tetraphenyl borate (NaTPB) and ple solution | Ag/AgCI.
2-nitrophenyl octyl ether (NPOE) were obtained from Fluka. ~ All measurements were carried out in a 50 ml double-
Salts of metal nitrates or chlorides (all from Merck) were walled glass cell, with constant magnetic stirring of the test
of the highest purity available and used without any further solution. The performance of the electrodes was investigated
purification except for vacuum drying over®s. Ligand by measuring the emf of ferric nitrate solutions prepared
2-[(2-hydroxy-1-propenyl-buta-1,3-dienylimino)-methyl]-4- with a concentration range of & to 10~ M by serial di-
p-tolylazo-phenol was synthesized and purified as describedlution. Activities were calculated according to the modified
elsewherd35]. All the metal nitrate solutions were freshly ~Debye—Huckel equation:
prepared by accurate dilution from their stock solution of 12
0.1 M, with distilled de-ionized water. The concentration of |54, — _0.51172 [ ® _ 02“]
solutions was checked by an atomic absorption spectropho- (14 1.5u12)

tometer Model AA-760 (Shimadzu, Japan). where u is the ionic strength and the valency. All mea-

surements were carried out at 250.1°C.
2.2. Apparatus

All' potentiometric measurements were made with a 3 Resylts and discussion
pH/mV meter (Zag Chimi, Iran) using proposed sensor in
conjunction with a double junction Ag/AgCl reference elec-  The structure of compound examined as ferric ion se-
trode. Atomic absorption spectrophotometric measurements|gctive ionophore is presented Fig. 1. Theoretical stud-
were made on Shimadzu AA-760 spectrometer under thejes show that the ionophore is a three dentate ligand and
recommended conditions by user's manual of instrument.  form stable complexes with some transition metals including
iron(lll). The stochiometry of complex form between3te
2.3. Electrode preparation and this ionophore is My [36]. The key ingredient of such
plasticized PVC membranes is the incorporated carrier that
The membranes were constructed by combining various defines the selectivity of the electrodes via selective complex
components with ratios as detailed Table 1. The sensor  formation with the cation of interest. Due to its sufficient
materials were dissolved in 2 ml of THF. The resulting mix- insolubility in water and the presence of donating nitrogen
ture was transferred into a glass dish of 2 cm diameter. The
solvent was evaporated slowly at room temperature until an

oily concentrated mixture was obtained. A Pyrex or Teflon

tube (3-5mm i.d. on top) was dipped into the mixture for

about 10's so that a transparent membrane of about 0.3 mm —N  OH
thickness was formed. The tube was then pulled out from

the mixture and kept at room temperature for about 1h. H3C@NTC§OH

The tube was then filled with internal filling solution ¢

1073M Fe(NQs)3). The electrode was finally conditioned Fig. 1. Structure of ionophore 2-[(2-hydroxy-1-propenyl-buta-1,3-
for 24 h by soaking in a & 10~2M solution of ferric ni- dienylimino)-methyl]-4-p-tolylazo-phenol.
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Table 1
Optimization of membrane ingredients
Components in membranes (%) Slope (mV dec?) Dynamic range (M)
HPDTP PVvC NaTPB Plastisizer
1 - 34.0 - DBP, 66.0 3 1.2x 10°t0 1.8 x 104
2 3.3 335 - DBP, 63.2 28.5 35x 1010 4.0 x 1072
3 3.4 62.9 - DBP, 33.7 12.5 2.2x 10°t0 35x 1073
4 3.2 29.5 35 DBP, 63.8 34.3 15x 10%t0 5.4 x 1073
5 3.3 32.0 - DOP, 64.7 17 53x 10%t0 1.5x 1073
6 3.2 31.7 - NPOE, 65.1 12 45x 10%t02.5x 1073
7 3.3 32.1 - DMS, 64.6 31 6.5 x 10 to 5.5 x 1072

and oxygen atoms in its structure, ligand HPDTP was ex- It is well known that the sensitivity and selectivity ob-
pected to act as a suitable ion carrier in the PVC membranestained for a given ion-selective electrode depends not only
with respect to special transition and heavy metal ions of on the nature of ionophore used, but also significantly on
proper size and charge. Thus, in preliminary experiments, it the membrane composition and the properties of the plasti-
was used as a neutral carrier to prepare PVC-based memeizer employed28-32]. Thus, the influences of the mem-
brane electrodes for a variety of metal ions. The potential brane composition and the nature of plasticizer on the re-
responses of the most sensitive electrodes, prepared undesponse characteristics of Feion-selective electrode based
the same experimental conditions (except for 24 h condi- on HPDTP were investigated and the results summarized
tioning in a 0.01 M of the corresponding cations) are shown in Table 1. The nature and amount of plasticizer on the di-
in Fig. 2. As it can be seen, among different tested cations, electric constant of the membrane phase, the mobility of the
Fe’* with the most sensitive response seems to be suit-ionophore molecules and the state of ligand largely affect the
ably determined with the PVC membrane based on HPDTP response characteristics of ion-selective electr¢8és39].
and the emf responses obtained for all other cation-selectiveAs can be seen iffable 1among the four different plasti-
electrodes are much lower than that predicted by the Nernstcizers often used with PVC-membrane electrodes including
equation. This is probably due to both the selective behavior NPOE, DOP, DBP and DMS, the best calibration parame-
of the ionophore against Be in comparison to some other ters and mechanical characteristics of the membranes were
metal ions and the rapid exchange kinetics of the resulting observed in the case of DBP; hence, this plasticizer was
HPDTP-Fé+ complexeg37]. used in further studies. This indicates the solvent medium
of DBP is probably recognized in providing the best com-
plexation environment between ferric ions and carrier.The

140 results thus obtained indicate that the best sensitivity and
linear range are obtained for membrane number two with a
120 + PVC:DBP:HPDTP percent ratio of 33.5:63.2:3.3 resulting
in the best behavior of the membrane electrode.
100 —&— Fe(Ill) The pH dependence of the membrane sensors, tested over
—=— Mn(Il) the pH range 3-8 at a 1.0 10~* moldm~2 Fe** ion con-
~ 80 - —— Cr(IID) centration, and a typical plot for electrode (2) are shown in
% —— Fe(II) Fig. 3. The potentials are fairly constant in the pH range
@ 60 —— Cu(Il) 4.5-6.5. Beyond this range, a gradual drift was observed.
—— Pb(II) The observed drift could be explained by th_e fe}ct that at
40 - low pH values the donor atoms in the chelating ionophore
are probably protonated, and unable to complex readily with
iron(lll). Furthermore, the sensor may also be exhibiting
20 1 an interference effect due to hydrogen idas]. At ele-
vated pH, the iron(lll) in solution is dramatically reduced
0 through the formation of iron(lll) hydroxo complexes, and
0 2 4 6 8 the magnitude of the voltage change should be reconciled

oM with iron(lll) speciation calculations in solution.
The proposed membrane electrode was also examined
Fig. 2. Potential response of various ion-selective electrodes based onjth different concentrations of the inner reference solution
ligand HPDTP. Conditions: membrane ingredients 3.3% ionophore; 33.5% from 1.0 x10"2 t0 1.0 x10"5 M Functioning of the mem-

PVC; and 63.2% DBP; internal solution, 10 103M of each cation b ith ref Ut f . = o
used. The electrodes have been conditioned in 4.A0°2M of the rane sensor with reterence solutions of various QON

corresponding cation for 24 h. concentration was found only a slight effect on the potential
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120 The slopes of the calibration plots were 281 mV per
decade of ferric ion activity change at 25. The limit of
100 detection was 2.5 (£0.1} 10-°M, as determined from the
intersection of the two extrapolated segments of the calibra-
80 tion graph. The standard deviation of 10 replicate measure-
S ments wast0.5 mV.
E 60 The selectivity behavior is obviously one of the most im-
H portant characteristic of an ion selective electrode, determin-
40 ing whether a reliable measurement in the target sample is
possible. To investigate the selectivity of the membrane elec-
20 trode proposed, their potential response were investigated
in the presence of various interfering foreign iof$g. 2
0 . . . ; ; clearly shows the selective behavior of the PVC membrane
3 4 5 6 7 3 9 electrode based on HPDTP for¥eion over other cationic

species. The selectivity coefficients of the proposed mem-
brane selective electrode were determined against a num-
Fig. 3. Effect of pH of test solutions on the response of‘Feelective ber of different cations by using separate solution method
electrode based on HPDTP. (SSM)[40].
According to the SSM, the potentiometric selectivity co-

response of the electrode. A 1x010~2 M concentration of efficients were determined usingxd 10~4 M test solution
the reference solution is quite appropriate for smooth func- of different ions at pH~ 5 and utilizing the equation:
tioning of the membrane electrode system. Optimum condi- 7.7,
tioning time for the membrane electrode in a 0.01 M ferric 109 KFe(m) m = (Ej — Ei)/S —loga;""" + loga;
nitrate solution is 24 h. It then generates stable potentials
when placed in contact with B¢ solutions.

We measured the average time required for thétFe
ion-selective electrode to reach a potential withih mV
of the final equilibrium value after successive immersion in
a series of ferric ion solutions, each having a 10-fold dif-
ference in concentration. The static response time of the
membrane electrode thus obtained wes$ s and potentials
stayed constant fer10 min, after which only a very slow di-

vergence within the months without any measurable change tive sensor even at high concentration levels. Moreover, to

in response time, slope, or detection limit. The performance investigate the effect of anions on the electrode’s potential
characten;ncs of the membrane remained u_nchanged Wher}esponses, the cell potentials were obtained using ferric ni-
the poten_tlals recordet_j either from low to high concentra- rate, ferric sulfate and ferric chloride. No significant change
tions or vice versa. This means that the response was raplqtn the emf versus pFe plots were observed, indicating that
and reversible. The membrane electrode prepared could be[hese anions (ND, CI- and SCi‘) do not cau’se any inter-

used for about 2 mounts without observing any change in re- ference.The proposed Feion selective electrode based on
sponse characteristics (week-to-week tested). The standard brop

deviation of ten replicate measurements with one membrane'©noPhore HPDTP was found to work under laboratory con-
within 6 weeks was 5.0%. The membranes were stored in

0.01 M Fé* solution or dry when not in use. If the mem- Table 2

brane was stored dry it must be conditioned in a 0.01 M Selectivity coefficients of various interfering ions for Fe(lll) ion-selective
ferric nitrate solution for 24 h. electrode based on HPDTP

pH

WhereE; andE; are the measured emf for the solutions of
interfering and F&" ions, respectivelyZ; and Z; are the
charges of Fe(lll) and interfering iors is the calibration
slope of the sensor aral anda; are the activity of Fe(lll)
and interfering ion, respectively.

The resulting selectivity coefficients are summarized in
Table 2. They are in the order of 1®or lower for almost
all diverse ions tested. Hence, these cations are not expected
to interfere with the functioning of the proposed®feselec-

To evaluate the reproducibility of this electrode, a series Interfere ion —log Kﬁce’:uu,m
of membranes (five) with similar composition (No 2) pre- pn2+ 45
pared and the response of these electrodes?b i@ con- Ct No-response
centration were tested. The results show that the average of&* No-response
slopes, detection limits and linear dynamic ranges were 28K” - 81
+ 1mV/decade, 2.5 (+0.2kx10°M and (4.0 (£0.2)x o 2
102 to 3.5 (+0.3)x 10-8M), respectively. The standard ¢+ 53
deviation of measurements of 1:010°M of Fe3* solu- Co?+ 3.2
tion with these five electrodes wasl.5 mV. PP;* 3.3

The electrode shows a linear response to the activity of ’c\lzlr; gi

Fe*t ion in the range 3.5 1076 to 4.0 x 1072 M (Fig. 2).
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Table 3 [11] Y. Umezava, CRC Handbook of lon-Selective Electrodes: Selectivity

Determination of the concentration (mgmh) of iron(lll) in different Coefficients, CRC Press, Boca Raton, 1990.

samples by use of the proposed electrode and comparison with the atomic[12] V.L. Volkov, M.V. Kruchinina, J. Anal. Chem. 48 (1993) 1108.

absorption spectrometry (AAS) [13] R. De Marco, B. Pejcic, X. Dong Wang, Lab. Rob. Autom. 11 (1999)
284.

Sample Fe(lll)  Found by AAS Found by the proposed

[14] R. De Marco, D.J. Mackey, Mar. Chem. 68 (2000) 283.

added method [15] C.E. Koening, E.W. Granber, Electroanalysis 7 (1995) 1090.
Tap water 0.0 0.35 0.34 (0.05) [16] S.S.M. Hassan, S.A.M. Marzouk, Talanta 41 (1994) 891.
0.5 0.84 0.86 (0.05) [17] R.W. Cattrall, P. Chin-Poh, Anal. Chem. 47 (1975) 93.
Waste water 0.0 2.2 22(0.1) [18] F. Arena, C. Floriana, A. Chiesi-Villa, C. Guastini, Inorg. Chem. 25
15 3.7 3.65 (0.08) (1986) 4589.
River water 0.0 1.2 1.3 (0.4) [19] M. Calligaris, R. Randaccio, in: G. Wilkinson, R.D. Gillard, McClev-
1.0 2.2 2.4 (0.4) erty (Eds.), Comprehensive Coordination Chemistry, vol. 2, London,
Iron tablet 0.0 23mg per tablet 24 (1.0) mg per tablet 1987 (Chapter 20).

[20] D.A. Atwood, Coord. Chem. Rev. 176 (1998) 407.
[21] L. Ledoux, Y. Zyss, Novel Optical Materials and Applications, Wiley,
New York, 1997.

ditions. It was successfully applied as indicator electrode in [22] N- Alizadeh, S. Ershad, H. Naeimi, H. Sharghi, M. Shamsipur,
Fresenius J. Anal. Chem. 365 (1999) 511.

the potentiometric titration of Fe ion with NaOH. This (23] R. Yuan, Y.Q. Chai, D. Liu, D. Gao, J.Z. Li, R.Q. Yu, Anal. Chem.
electrode was also successfully applied to the direct deter- g5 (1993) 2572.

mination of iron in different water samples and the results [24] R.K. Mahajan, M. Kumar, V. Sharma, I. Kaur, Analyst 126 (2001)
are given inTable 3. As can be seen, the accuracy of iron 505.

determination in different water samples is almost quantita- [25] Z: Brzozka, Analyst 113 (1988) 1803.

. . . . [26] M. Shamsipur, A. Soleymanpour, M. Akhond, H. Sharghi, M.A.
tive. Moreover, the iron content of Raricap-haematinic tablet Naseri, Anal. Chim. Acta 450 (2001) 37.

(25 mg) determined by the proposed electrode was in good[27] m.R. Ganjali, T. Poursaberi, L. Haji-Agha Babaei, S. Rouhani, M.

agreement with data obtained by AAS method (Table 3). Yousefi, M. Kargar-Razi, A. Moghimi, H. Aghabozorg, M. Sham-
sipur, Anal. Chim. Acta 440 (2001) 81.

[28] M.H. Mashhadizadeh, A. Momeni, R. Razavi, Anal. Chim. Acta 462
(2002) 245.

[29] M.H. Mashhadizadeh, I. Sheikhshoaie, S. Saeid-Nia, Sens. Actuators
B 94 (2003) 241.

[1] N.N. Greenwood, A. Earnshaw, in: Chemistry of the Elements, Perg- [30] M.H. Mashhadizadeh, I. Sheikhshoaie, Talanta 60 (2003) 73.

@ Values in parentheses are RSDs based on five replicate analyses.
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