Available online at www.sciencedirect.com

SCIENCE DIRECT® JOURNAL OF
Colloid and
Interface Science

s

E;SEVIE Journal of Colloid and Interface Science 288 (2005) 517-520
www.elsevier.com/locate/jcis
Influence of decyl alcohol on the potentiometric behavior of three

p-alkylbenzenesulfonate ion-selective electrodes
Walton J. Cabrery Marcela D. Urz(4, Hernan E. Rio%*
@ Departamento de Quimica, Universidad Arturo Prat, Casilla 121, Iquique, Chile
b Departamento de Quimica, Facultad de Ciencias, Universidad de Chile, Casilla 653, Correo Central, Santiago, Chile
Received 11 January 2005; accepted 2 March 2005
Available online 16 April 2005
Abstract

The influence of decyl alcohol on the potentiometric response of theegalkylbenzenesulfonatep(RBS) electrodes is analyzed.
The results are clearly dependent on the membrane surface polarity due to the presence of the alcohol. The ionophore was the complex
trioctylmethylammoniump-RBS, (TOMAT)—p-RBS™, with R=H, CHz, and GHs. The nature of the complex plays a fundamental role
on the potentiometric behavior of the electrode showing that the more hydrophobic the complex, the better the potentiometric responses.
Moreover, the electrodes selectivities for several hydrophilic and hydrophobic interfering anions were determined. The potentiometric results
with interfering anions were coherent with the Pearson’s hard and soft acid—base character of these anions.
0 2005 Elsevier Inc. All rights reserved.

Keywords: lon-selective electrodes; Membrane polarity; Interfering agents; Pearson soft and hard acids and bases

1. Introduction of the cation—pi interaction between the phenol and the am-
monium polar group acting as counterion.

The use of ion-selective electrodes (ISEs) is a relatively ~Among the more important sulfonate-type ISE are those
rapid, widely employed technique useful to determine the related to sulfonate detergents, due to their enormous in-
analytical concentrations of a myriad of ions. An exhaustive dustrial relevance. In fact, an electrode for linear dodecyl-
review has been published by Buhimafii. In a previ- benzene sulfonate, DBS, doped with polypyrrole has been
ous papef2], we reported that membrane polarity seems to developed[4] by anodic polymerization of pyrrole in the
play a fundamental role in the potentiometric response of a presence of DBS. This PVC electrode showed a nearly Nern-
xanthate ISE. In fact, the addition of an amount of dodecy! stian response whanmtho-nitrophenyloctylether was used as
alcohol as low as 3 umol to a plastic liquid membrane yields plasticizer and hyamine as additive. The effect of alkylphe-
Nernstian responses no matters what plasticizer is used.  nols on the potentiometric behavior of organic sulfonate ions

In another work[3] we have reported that phenols af- has been studig8]. The main feature was that the electrode
fect the potentiometric response of a nitrate ISE in such selectivity increases with the presence of phenol which prob-
a way that phenols that contain electron-withdrawing sub- ap|y interacts by hydrogen bonding with sulfonate. Electron

stituents induce sub-Nernstian slopes. On the other handimpact mass spectrometry has been also used to distinguish
those phenols containing electron-releasing substituents proxggiym alkylbenzene sulfonate isomers as well as to deter-
duce Nernstian responses. The results were explained aspine the presence of homolof.

suming that nitrate dissociation is mediated by the strength 11,4 equilibrium concentration of free organic counter-

ions is a crucial aspect in binding studies related to their
" Corresponding author. ipteraction with micellgs, poneIectro!ytes, colloidal solu_—
E-mail address: hrios@uchile.c(H.E. Rios). tions, etc. These studies can be easily performed by using
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ISEs; consequently, in the present work three PVC sulfonate
electrodes are constructed using the complex trioctylmethyl-
ammonium-p-alkylbenzenesulfonate, TOMA-p-RCsHs-
SQ;, with R=H, CHg, and GHs. The effect of decyl al-
cohol on their potentiometric response is analyzed.

E(mvolts)

2. Materialsand methods

Trioctylmethylammonium chloride (TOMACI™), di-
octylphthalate (DOP), dichloromethane, 1-decanol, tetrahy- 5 5 ’ 3 5> 1
drofuran, and polyvinyl chloride (PVC), with an average
molecular weight of 233,000 were all from Aldrich, Mil-
waukee, WI, USA. Sodium benzene sulfonate, sodium Fig. 1. Calibration curves gf-RBS electrodes. Without 1-decandlIYBS;
4-methylbenzene sulfonate, and 4-ethylbenzene sulfonic(O) p-MeBS; (8) p-EtBS, with 3 pmol of 1-decanol per membrane:
acid were also from Aldrich and of the highest purity grade () BS: (©) p-MeBS; (<) p-EtBS.
available. The acid was previously neutralized with aqueous
NaOH and recrystallized several times from acetone before 3. Resultsand discussion

Log [p-RBS7)

using.
The complex TOMA—p-RBS™ with R = H, CHjs, or Fig. 1 shows the potentiometric responses of electrodes
C,Hs was prepared by dissolving TOMACI™ in dichloro- constructed as explained above. In all cases the behavior is

methane and an equimolar amount of $héRBS sodium nearly linear until 10°-10~* M p-RBS. The slopes of the
salts in water. These solutions were poured in a decanterlinear parts of these plots are summarized@able 1 As can
funnel and mixed vigorously, and then the organic phase wasbe seen in all cases, the slopes increase agpdiagroup
washed several times with water until chloride anion was not size increases. The complex TOMABS™ is the most hy-
detected in the aqueous phase. The phases were separateophilic complex, as compared wifitMeBS andp-EtBS.
and the organic phase containing the complex was driedIt shows the highest impediment to reaching the membrane
with anhydrous MgS@ The TOMA*—p-RBS~ complex surface, in contact with the aqueous phase. On the other
was obtained by solvent distillation under reduced pressure. hand, the presence of 1-decanol modifies the membrane sur-
All membranes were constructed by dissolving 10 mg of face polarity by extending its OH groups to the water phase
the TOMAT—p-RBS™ complexes, 1.14 g of DOP,and 0.35g While generating a hydrophobic barrier with its aliphatic
de PVC in 20 ml of THF. In some cases, 3 umol of 1-decanol tails, perpendicular to the membrane surface. Apparently,
were added from a stock 1-decanol solution in THF. These this apolar barrier can be more easily crossed by TOMA
mixtures were gently heated until the total volume had been p-EtBS™, the more hydrophobic complex. A similar effect
reduced to approximately 8 ml. Then these solutions were Of 1-dodecanol was reported in an isopropyl xanthate elec-
poured into a 10-cm-diameter Petri dish and were left to trode[2]. These results support the hypothesis that the mem-
slowly evaporate the solvent overnight. brane surface polarity seems to play an important role in
A disc of approximately 1 cm in diameter was fixed on the potentiometric behavior, perhaps as relevant as the mem-
the base of a PVC tube with a PVC/THF paste. The tube wasPrane fluidity.
partially filled with 5x 10-3 M of p-RBSNa and & 10-3 M Since thep-EtBS electrode with 1-decanol as additive
KCI as inner solution. The inner reference electrode was had the best potentiometric response, the interference study
Ag/AgCI and the outer reference electrode was a double- Was performed with this type of electrodgs. 2 and 3how

junction Ag/AgCl Orion electrode. The cell was the follow- the behavior of the potentiometric responses as a function
of the log[p-EtBS~] for several hydrophilic and hydropho-

ing: o ) ) ! el
bic interfering anions, respectively. From similar plots as
Ag/AgCI | inner filling solution|| p-RBSNaaq) | Ag/AgCI. those ofFigs. 2 and 3the selectivity constants;;, were
also determined with electrodes in absence of 1-decanol
All the measurements were performed at298.1°C with in their membranes. IMable 2 are summarized th&;;

a Corning Model 12 Research potentiometer and they werevalues, in the presence and absence of decyl alcohol, re-
highly reproducible. The potentiometric responses were very spectively. Values inTable 2show that thep-EtBS elec-
rapid, between 1 and 5 s, and also very stable, independent ofrode has higher selectivity tp-EtBS than all the other
whether the membrane contained the doping agent or not. Inhydrophilic and hydrophobic interfering anions. The only
all cases, to evaluate the selectivity coefficients, the methodexception isp-MeBS, whoseK;; approaches to one. On the

of fixed interferencq7] was used. They were determined other hand, hydrophilic anions such as nitrate, chloride and
with 0.001 M of added interfering salts. sulfate behave like interfering agents following the order:
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Table 1
Effect of 1-decanol on d{)/d(log[p-RBS])
Electrode TOMA -BS™ TOMAt—p-MeBS~ TOMAT—p-EtBS™
Without 1-decanol —51.40 —-52.85 —55.35
With 1-decanol —53.65 —54.95 —-5840
2004 Table 2
Selectivity constants of interfering anions fefEtBS electrode
Interfering anion Without With
150 1-decanol 1-decanol
™ Nitrate Q170 Q176
S 1004 Chloride 0120 Q028
g Sulfate 0054 Q015
w Oxalate 0017 Q060
50+ Benzoate ®18 Q141
Acetate 0222 Q264
0. Benzene sulfonate .B61 Q474
Methylbenzene sulfonate .9B6 Q922
T T T T L T
-6 -5 -4 -3 -2 -1
Log[p-EtBST] the other hand, without 1-decanol, the situation seems to be

the inverse at least in the case of chloride and sulfate. These
Fg-éégz'ssr:ae“i?ﬂ ;:r"risséfr’]{’:e'f;‘?? ggicﬂo(i‘?nﬂtr?eﬁn“maﬂig; )Slr;gre;zno' anions having a hydrophilic character, the transport of their
?A) sulfate, {7) chloridche, and [(J) without interfering anio?m ’ complexes with TOMA t,hi,’OUQh the hydrophobic bamer,

formed only by the plasticizer molecules at the surface, is
easier than if only 1-decanol molecules were present. In fact,
these molecules should be packed at the interface in a similar
way to alcohol molecules; with their polar groups pointing
to the water phase and their apolar groups entering into the
membrane. However, structurally 1-decanol can produce a
more ordered interface structure than DOP molecules.

On the other hand, the behavior of the hydrophobic an-
ions is clarifying. In fact, oxalate, acetate, and benzoate are
hard bases. Their respective interactions with TOMare
less favorable than that @f-EtBS™ with TOMA™ and their
interfering capacity follows the order oxalatebenzoate<
. : . . . T acetate, if no alcohol is present. However, in presence of
_ 1-decanol the interfering order is the inverse. Thus, the
Log[p-EtBS] TOMA™ complex with these hydrophobic anions can cross
the above mentioned hydrophobic barrier more easily than

200+

150 ~

1004

E (mvolts)

50

Fig. 3. Calibration curves fop-EtBS electrode with 3 umol of 1-decanol

per membrane in the presence of 0.001 M of interfering aniob¥:ac- hydrophilic TOMA* complexes.
etate, (\) benzoate, ¥) oxalate, ) BS, (<) p-MeBS, and [J) without The interfering abilities of BS and p-MeBS~ are ob-
interfering anion. viously due to their soft base character consistent with the

soft acid character of TOMA and for this reason their
nitrate> chloride> sulfate, if the membrane does not con- higher values of;; as compared with those of hydrophilic
tain decyl alcohol. These anions are Pearson’s hard basesanions. However, there is an additional effect due to the
whose strength is precisely the inverse of their interfering greater hydrophobic character pfMeBS™ as compared
capacity. The ammonium group is a hard acid, but TOMA  with that of BS". In fact, the former interacts to a larger
can be considered borderline or almost a soft acid due toextent than BS with cationic quaternary ammonium type
the large size of its aliphatic substituents. Sulfonate groups head group$8]. For this reasop-MeBS™ is a better inter-
can be considered as soft bases when they are linked to dering agent than BS.
para-alkylbenzene group, then their ability to bind TOMA From the above results it can be concluded that the po-
is greater than that which occurs with the above hydrophilic larity of membrane surface plays a fundamental role on the
cations. Therefore, the interfering order can be explained in potentiometric responses of this type of electrodes.
terms of the base strength of the anions. Nitrate is softerthan The 1-decanol molecules near the membrane surface
sulfate, and then it competes with sulfate for TOM#ore probably adopt an orientation such that their polar OH
successfully. Obviously, chloride is an intermediate case. Ongroups point to the water phase and the aliphatic tails form
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an inner apolar layer perpendicular to the surface. Appar- are recognized. The technical assistance of Olga Césped
ently, this shell can be traversed more easily by the more hy- Gonzalez is gratefully acknowledged.

drophobic complexes. In the case of hydrophilic anions, the

membrane selectivity improves by the addition of 1-decanol

whereas in the case hydrophobic anions, the selectivity de-
creases. This behavior can be explained in terms of the
acid-base strength of the interaction between TOMd [1] P. Buhlmann, E. Pretsch, E. Bakker, Chem. Rev. 98 (1998) 1593.

p-RBS” and also on the hydroPhiIiC_hydrOphObiC character [2] W.J. Cabrera, E.S. Maldonado, H.E. Rios, J. Colloid Interface Sci. 237
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