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Abstract

This paper has carried out the construction anduatian of a selective electrode for
silver, using 5-(4-dimethylaminobenzylidene)rhodenias ionophore, and diocthyl
phthalate (DOP) with plasticizer in PVC. The elede shows fast potentiometric
responses in the concentration range fromt tbt0102 mol/dn?, with Nernstian slope
(58.2 £ 0.8 mV/decade), and a response time of. Zs®, we presented a theoretical
study of the molecule, optimized by DFT to a B3LBR/AG (d, p) level of theoryA
good agreement was obtained between calculated ejaoah parameters using DFT
methods and experimental datnalysis of the ionophore by the natural bonditatb
(NBO) allowed explaining the possible centers obrdination with Ag. Other
characteristics of the electrodes were also studied

Keywords: silver-selective membranes, all-solid state [ISBs(4-dimethylamino-
benzylidene)rhodanine and chemical sensor.

Introduction

There were described numerous analytical metho@®$ {dr the determination of
Ag® in different samples, which included volumetripestrophotometric, (ICP),
voltamperometric, polarographic and potentiometiethods. These methods are
quite laborious, because of the samples treatrientever, by the application of
potentiometric methods using selective electrodas idbns (ESI) [4-9], this
problem was eliminated.

On one hand, ESI are so useful on different fieklech as pollution
determinations in potable water, biological sammes electronic industry. In
the other hand, silver has many applications intgdraphy, dentistry, among
others, and has an inevitable relationship with degelopment of a relatively
large number of silver ion sensors based on difftamophores [10-21].

In this work, the ionophore was theoretically cliteazed and analyzed by the
natural bond orbital (NBO), explaining the possibknters of coordination of
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Ag* binding to 5-(4-dimethylaminobenzylidene)rhodanitieough its exocyclic

sulphur atom, when the molecule is not protonafddo, some parameters of
ESI for the silver study were characterized using4-8Bimethylamino-

benzylidene)rhodanine, with diocthyl phthalate dasticizer, in a polyvinyl

chloride membrane.

Experimental

Materials and methods

All the reagents used in this study had analytgade. Poly(vinylchloride)
(PVC) from Fluka was used as a polymeric matrixe Used plasticizer was
diocthyl phthalate (DOP), from Merck. Tetrahydr@ne (THF) was of
analytical grade, from Merck, and 5-(4-dimethylacbenzylidene)rhodanine
was employed as ionophore, from Pancreac. The waied in this work was
bidistilled, with a conductivity of less than 2 jg8r>.

The epoxy conducting resin was prepared by mixinggoamercial two-
component epoxy adhesive, from Ciba-Geigy, withpgi® powder, from
Merck, as already described by Arada Pérez et2d] for nitrate sensors,
obtaining a resistance sf2 kQ.

A Hanna pH meter model 213 digital microprocessoth a precision of = 0.1
mV, was used for measuring the potential differebe¢tween reference and
indicator electrodes. The reference electrode uséhis study was an Ag/AgCl
HI 5311 double junction electrode. A solution ofl Gnol/dn? of K.SQ; was
employed in the external electrode compartment,addnway model 1000 LT
hot plate-stirrer was used.

Preparation of the membranes

The prepared membranes contained Wt. 5% of 5-(4dhpamino-
benzylidene)rhodanine as ionophore, Wt. 60 % ofcttiyl phthalate as
plasticizer, and Wt. 35 %f PVC as the polymeric matriX.he preparations of
the electrode were carried out in a similar maraseethe method employed for
the construction of the all-solid-state ion selextelectrodes reported in the
literature [22].

Scheme of the design of the ESI for Ag

The used elements for the construction of the seeelectrodes carried in a
disposable small syringe were a coaxial cablesen rgupport epoxy conductive
and a membrane.

Preparation of the body of the electrode
The electrode body was prepared from a hypoderyminge of the type used for
insulin (Fig. 1a - e), placing a distance of onat®extremes of approximately 5
mm from a copper plate (Fig. 1c), and cleaningrévpusly with a solution of
HClac)1:1. The electrode was fixed once the copper rimghe syringe and the
composite graphite-epoxy were placed. The sensarbrane was deposited over
it (Fig. 1).
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Figure 1. Scheme of the design of the ESI.

Preparation of the support

A conductive resin was deposited on the coppeeflig. 1d) and over it, and

the membrane sensor support was located. The epomgiuctive resin was

obtained weighing 0.1483 g of araldite, 0.006 gH&f hardener and 0.25 g of
powdered graphite. At a later time, the reagengmdlin with the help of an

agitating rod in a suitable container, so thatrésulting material would be the

most homogeneous possible. Next, the material wpesited at the cavity of the
body of the electrode with the help of the rodmfy pressing the mixture onto

the copperplate, to assure an optimal electricaatnThe resin epoxy deposited
leaves were dried to 4€ during a minimum of 12 hours, to get its total
hardening too. Once dried, the surface lost apprately 0.3 mm of thickness

underneath the level of the support tube, to entidedepositing of the liquid

membrane.

Determination of the electromotive force (EMF)

The electromotive force (EMF) determinations weagied out by using an open
cell (Fig. 2) at ambient temperature. The compasidf the electrochemical cell
was:

Ag/AgCIKClI 0.1 mol/dfjKoSQ, 0.1 mol/dri|test solution||PVCmemb.|cond.

supp.|Cu

The calibration curves were used to calculate sp@tameters as slope (S),
practical detection limit (PDL) and lower limit dihear response (LLLR). This

was done following the Nernst law, through datausiient by the linear

regression method. The calibration parameters wbtained by applying the

method of additions [23], determining the activitfythe principal ion by using

the Debye-Huckel equation.

logf = 0.512%1"%/1+ | V2 (1)
The effect of the pH response on the PVC membriewrede was tested using
1.0 x 10? mol/dm? AgNOs solutions. The pH was adjusted by using small drops
of nitric acid or sodium hydroxide solutions.
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The selectivity coefficients KAB) were determined by using the method of
mixed solutions [23], through equation 2.

an

Pot_
KACI)Bt_ Z,Zg (2)
A

Reference electrode

Indicator electrode

(T

Figure 2. Schematic diagram of the potentiometric cell vathion-selective electrode
(ISE) as the indicator electrode, and the refereteetrode used in this study (Ag/AgCl
double junction).
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Figure 3. Optimized structure of the 5-(4-dimethylaminobgmene)rhodanine.

Results and discussion

Theoretical study of the ionophore

The ionophore theoretic study by DFT (Density Fioral Theory) was carried
out to a level of theory B3LYP/6-31G (d, p). In Fig§, it is showed a
representation of the optimized geometry of 5-(@eathylamino-
benzylidene)rhodanine, numbering the atoms of tiw@atide ring, which is the
region of interest to form a complex with silveryedto the presence of
heteroatoms of soft character, such as nitrogersalfialr.

As it can be observed, the rings are almost coplaeayou should expect a high
probability of conjugation between them. In theufig, it is showed that the keto-
thionic tautomeris stable, a feature which is consistent with thé&ared
spectrum of the molecule.

To analyze the electronic delocalization, it wasdughe electronic occupation

which presents the atoms of interest. The N5 hasgancy of 1.60, which is
37€
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lower than any of the values found in sulphur (1298l 1.86). In Fig. 4 we can
observe the HOMO of the ionophore molecule whicomghthe highest density
of negative charge on the benzene ring, due teadhaination that exists in the
latter.

Figure 4. Graphical representation of HOMO orbital of theiimized molecule.

On the exocyclic sulphur atom, it is also possitdeobserve some negative
charge density, because of its couplets and undtedeetron pairs, but not on the
imino nitrogen. Taking into account the value ofcygation, the Mulliken
charges and this figure, we could think of the dalaed electronic pair of N5
with adjacent groups.

The analysis of second-order interactions made Wh¢éhNatural Bond Orbital
(NBO) is an efficient method for the study of in@ad intermolecular bonds
between donor and acceptor species of electroragdition to the interactions
between bonds. In Table 1 it can be observed seoatet interactions among
the most significant existing Lone Pairs (LP) of&w N5, with adjacent links of
ring.

Table 1 Second order interactions.

Nature of the interaction E(2) (kcal.molt)
LP N5 — C3-+4 71.02
LP N5 —» C6-O7 51.68
LP14 — C3 5.10
LP14 —» S2-C3 4.32
LP1S4 — C3-N5 3.88
LP24 —» S2-C3 14.04
LP2S4 —» C3-N5 11.03

As it can be seen, the N5 LP has the greatestartien, because the electron
pair is delocalized in the ring, due to the stréngft interactions with carbonyl

and thiocarbonyl groups, making it less labilefaion a coordinate bond with the
silver ion. However, the S4 LPs have second-ord&sractions of much less
energy. Although there is also a dislocation ofrteéectron pairs (1.86), there is
a pair of electrons with an occupancy of 1.98 thatose to 2. This may indicate
an increased availability of S4 to the formationtloé complex, preferably the
heteroatom with respect to the imino nitrogen.

In Fig. 5 we can see the representation of the HGIVié the molecule, which

corresponds to one electron pair of sulphur. Aisds possible to see that
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between the imino nitrogen and exocyclic sulfug thtter is more available to
coordinate with Ag, because N5 has a greater delocalization of #wtreh pair,
and it is bound to a hydrogen atom.
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Figure 5. Graphical representation of HOMO-1 orbital of t@imized molecule.

The electrostatic potential generated by the mddelsas, for each point in space,
the interaction energy between the molecule, apdsitive point charge, which

is located at that point. This parameter is propairie of the most useful for

predicting the reactivity of a molecule. Fig. 6 glsoa map of the potential

energy surface charge density of the optimized oubde which displays the

regions of space to which they would be attractepdsitively charged particles
(regions of negative electrostatic potential, redog, or negatively charged

particles (positive electrostatic potential regidoisie color).

Figure 6. Representation of the ionophore showing the piaiegnergy surface.

Fig. 5 shows that the regions of higher densitpreSent negative charges are S4
and O7. These regions are likely to form a coonéifiend with a metal ion. The
carbonyl group of the center ring is harder thdptaur, to coordinate with a soft
metal such as silver (16, 99.100). To better unidedsthis part, Fig. 7 shows the
orbital Homo mapped with potential energy surfd€eg).

Figure 7. Graphical representation of HOMO orbital mappwith EPS.
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We can observe that the region of highest negatingege density is S4. This
area is available for the formation of a bond vatimetal ion, a feature that is
consistent with what was previously discussed.

According to Pearson theory of hard and soft aeild bases, the Agon is a
soft acid. Therefore, preferably, the coordinationthe formation of complexes
with ligands that have a mixture of donor atomsigthe case in question) is
possible for nitrogen, due to the greater negativaerge density, and because
both nitrogen and sulfur are simultaneously prodigdéhen available. So, it can
be said that the Agon will coordinate with the exocyclic sulphur atof 5-(4-
dimethylaminobenzylidene)rhodanine, when the md&ads not deprotonated.
However, when you release the hydrogen atom botal#te nitrogen atom, this
may be possible by either coordination, or simdtarsly both.

Parameter of sensor

The potential response of the sensors at varyimgertrations of the silver ion
(Fig. 8, calibration graph) shows a wide concerdmatinear range, in the order
of 10° to 10! mol/dn¥, with a slope of 58.2 + 0.8 mV/decade of activity.
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Figure 8. Calibration curves obtained by the additions roétfor the sensors prepared,
by using DOP, with plasticizer.

As it can be seen from Table 2, the values forstbpe (S) correspond to those
expected by Nernst for a monovalent ion.

The detection limit was determined from the intet®® of the two extrapolated
segments of the calibration plots.

The pH response profile for the sensor was testdgul.0 x 1¢ mol/dn?
AgNOs solutions. The potential remains constant in rariges 2.0 to 4 and 4.5
to 6.0 (Fig. 9).
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Table 2 Calibration parameters of the electrode obtaieetploying the addition
method, with DOP plasticizers used as solvent median this study.

In this study (DOP)
VAVAVAVAN
Ao
(O\/\/\/\/
S (mV/dec) 58.2+0.8
PDL (mol/dm?3) 9.77 x 10/
LLLR (mol/dm 3) 2.02 x 16
Life time (months) >1
S.D.(S) 1.03
pH 2.0-4.0 and 4.5-6.0
Interfering ion K Pot
AB
Zn (1) 7.2 x10°
Cu (Il) 3.1x10°
Pb (1) 1.9 x10°
cd (1) 1.5 x10°

S.D.: standard deviation

225+
E (mV)
220+
215+
210+

205+

2004 W H H H EH N

pH
Figure 9. Study of the pH influence on the potential of &hectrode response.

There can be observed three definite regions igtaphic:

Region I PH (2.0 — 4.0) - the potential is held constanthis range, showing a
Nernstian slope;

Region 2 pH (4.5 — 6.0) - between the first region and thme, there is a slight
increase in the potential, after which it keepsstant;

Region 3pH: (6.0 — 11.0) - to pH values higher than thienior limit of this
region potential there is an increase in* Adgcause of the hydrolysis
of the ion and of silver hydroxide formation in teelution. As from
pH 8, one observes AQ formation, with a precipitated brown-colour.

What happens at the regions 1 and 2 may be thenioly: as the formation of a

complex between a metallic ion is known and itirsding, one can depend on

the pH values; also, it is demonstrated in theidgjphphic revision that, in the
38(



M.A.A. Pérez et al. / Port. Electrochim. Acta 301Q) 373-382

formation of complexes with Agin the presence of ligands with a mixture of
atoms donors, such as nitrogen and sulphur, aberdination for both is
simultaneously possible (nitrogen and sulphudnid when they are available.
There is a fast stability in the response of thmasdd electrode (20 s).

The effect of the interfering ion on the responshdviour of the sensors
determinated a 1.0 x £amol/dn? concentration. It employed the mixed solution
method [24] based on the Nicolsky-Eisenman equationthe coefficients of
selectivity potentiometric), and worked with threesponses and three
determinations in the studied time.

Conclusions

The new electrode described in the present workhingts sensitivity, stability
and response time; it showed a linear responskeirconcentration range from
10° to 10% mol/dn?, a slope of 58.2 mV/decade, a PDL of 9.77 X bbl/dn?
and a LLLRof 2.02 x 16 mol/dn?¥. The selectivity coefficients ranged at about
1023 by the studied anions (Zn (ll), Cu (ll), Pb (I)cad (I1)), indicating they
would not significantly disturb the functioning tdie Ag" selective membrane.
The proposed electrode can be used for silver éb@rchination.
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