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Abstract

Liquid polymer membrane electrodes based on lutetium(lll) porphyrins are examined as anion-selective electrodes. The lanthanide metal
ion, incorporated into tetraphenylporphyrin or octaethylporphyrin, is added to a plasticized poly(vinyl chloride) membrane. The selectivity
coefficients of the resulting membrane electrodes differ from the traditional Hofmeister series, with a preference towards the salicylate anion,
while discriminating thiocyanate and iodide. Through separate incorporation of lipophilic ionic additives, the lutetium(lll) porphyrin-based
electrodes were determined to function via a neutral carrier mechanism. As a result, the addition of cationic (quaternary ammonium) salts to
the membrane enhances the response characteristics of the electrodes. An initial study to determine the feasibility of utilizing these electrodes
in clinical determinations of salicylate is also demonstrated. Membrane composition and sample pH are varied to optimize salicylate response
in the clinical range of salicylate concentrations.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the target ion of choice. While many practical cation-
selective ISEs have been available for decades, the field
Due to several new advances, the field of ion-selective of anion-selective electrodes has lagged beljihd]. The
electrode (ISE) sensing has expanded in recent years. Theonventional anion-exchanger membrane, which depends
detection limits of ISEs, traditionally derided as poor as solely on anion lipophilicity as the method of discriminating
compared to other analytical techniques, have improved anions, results in the classical Hofmeister selectivity series
by several orders of magnitude to reach the sub-nanomolar(CIO,~ > SCN™ >salicylate >1~ >NOs~ >Br~ >ClI~ >F")
concentration rangg1,2]. While the majority of the [7,9]. However, within the last 20 years, researchers have
ISE community utilizes polyvinylchloride (PVC) as the discovered that many metal-based complexes, when
membrane matrix in ISEs, many non-traditional electrode properly incorporated into ISE membranes, demonstrate
materials such as plasticizer-free polymers, sol-gels, andsignificant anion-selective ionophore capabilities that
liquid crystals have been us¢8l4]. Recent review articles  result in non-Hofmeister selectivity patterngl0,11]
document these advandést). lonophores containing a wide variety of metal ions have
Indeed, even with the emphasis on improving detection been examined: aluminum(ll1J12], titanium(lV) [13],
limits and examining new membrane materials, one of vanadium(lV) [14], chromium(lll) [15], manganese(lll)
the crucial components of the ISE is still the ionophore, [16], zirconium(lV) [13,17] molybdenum(V) [14,18],
or membrane active component. ISEs require ionophorestin(lV) [12,19] hafnium(IV)[13], and mercury(l1J20]. The
that provide high selectivity and reversibility towards vast majority of metal complex-based ISEs involve metal
ions from the transitional area (3d and 4d) of the periodic
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In contrast, metals from the lanthanide series have not, toaxial position (for example, Co(lll)[TPP]CI) does not pre-
date, received much attention. The most documented examplevent anion coordination at the sixth axial position, resulting in
in which a lanthanide metal has been utilized as an ionophorelSEs with neutral carrier characteristics and non-Hofmeister
is the classical fluoride selective electrode that was developedanion selectivity patterng7,31]
in 1966 by Frant and Ross that utilizes a single crystal of lan-  In this work, lutetium(lll) complexes of tetraphenyl-
thanum fluoride (Lak) [21]. A few recently published ex-  porphyrin and octaethylporphyrin are examined as anion-
periments have focused on ISEs containing metals in the lan-selective ionophores. ISEs based on these compounds exhibit
thanide series (terbium, dysprosium, and lutetifi®),23] a slight preference for the anion salicylate over other highly
Zhang et al. noted that ISEs based on terbium(l1l) and dyspro- lipophilic species such as iodide and thiocyanate. Through
sium(lIl) porphyrins were responsive towards ethacrynic acid the separate incorporation of cationic and anionic additives to
and thiocyanatg2?]. Leyzerovich et al. demonstrated that these polymer membranes, a neutral carrier response mecha-
dysprosium(lll) and lutetium(l1l) phthalocyanine-based ISEs nism for these ISEs was determined. Preliminary experiments
exhibited sub-Nernstian—{41 mV/decade) slopes towards with a view to adapting these ISEs towards clinical determi-
the anion salicylate with Hofmeister selectivity pattei2i3. nations of salicylate are also demonstrated. Membrane com-
Several different types of lanthanide complexes have al- position was varied in order to enhance the selectivity and
ready been synthesized and studied for other applications,dynamic range of salicylate measurements.
including nuclear magnetic resonance (NMR) and magnetic
resonance imaging (MRI) probes, luminescent sensors, and .
as catalyst$24,25] In general, these lanthanide complexes 2. Experimental
have demonstrated preferences towards molecules containin%
nitrogen and oxygen atoms. There are also documented sta-
bility constants between lanthanide metals and many anions  The jonophores hydroxo(5,10,15,20-tetraphenylporph-
[26). . _ o o yrinato)lutetium(lll) (Lu(ll)[TPP]OH) and hydroxo(2,3,7,
The direct incorporation of lipophilic ionic additives into g 12 13,17, 18-octaethylporphyrinato)lutetium(lll) ~ (Lu(l1l)
polymer membranes has become a fairly standard practice fo{oEpjOH) were purchased from Frontier Scientific
anion-selective ISH27-31} These additives are utilized pri- (| ggan, UT). Membrane components tridodecylmethy-
marily to enhance the selectivity of the given ISEs towards the |3mmonium  chloride (TDMAC), sodium tetrakis[3,5-
target anion and to improve response slopes. The charge ofistrifluoromethyl)phenyl]oorate  (NaTFPB), poly(vinyl
the proper additive is tied directly to the response mechanismcporide) (PVC), ando-nitrophenyl octyl ether ¢-NPOE)
of the chosen ionophore. In cases in which a charged car-yere used as received from Fluka (Ronkonkoma, NY).
rier mechanism (the ionophore is initially positively charged 2-(N-morpholino)ethanesulfonic acid (MES) and 18-(
and becomes neutral upon subsequent ligation of an anion)morphoIino)propanesulfonic acid (MOPS) buffers were
is prevalent, anionic (typically tetraphenylborate derivates) npyrchased from Sigma (St. Louis, MO). The sample solu-
sites are added to the polymer membrane. However, wherigns for potentiometric measurements consisted of sodium
aneutral carrier mechanism (when the ionophore is initially sats of the given anions in buffer solutions. The buffers used

neutral and becomes negatively charged when bound to &p, this work were 0.05 M MES (at pH 5.5 or 6.5) and 0.05 M
sample anion) is dominant, cationic (typically quaternary am- \jops (at pH 7.5).

monium salts) sites are introduced. The theory describing the
neutral carrier mechanism for anion-selective electr@#s 2.2, |SE membrane formulation and EMF measurements
expresses that the incorporation of cationic additives is cru-
cial as the positive sites serve as counterions to the product The membranes that were employed in the ISEs consisted
of the fully ligated and negatively charged ionophore. of 1 wt.% ionophore, varying amounts of lipophilic ionic ad-
When examining the possible response mechanisms ofditives (TDMA" and TFPB’), 66 wt.%0-NPOE and 33 wt.%
metalloporphyrin-based ISEs, it is important to consider the PVC. When the weight percent of the ionophore increased to
nature of the metalloporphyrin. Six-coordinate metal ions 2.5 and 5.0 wt.%, the ionic additive concentration increased
have four positions occupied with the pyrrolic nitrogens in accordingly, while maintaininga2:1 ratioefNPOE to PVC.
the porphyrin ring, leaving two axial ligand positions (fifth  To construct the membranes, the components were dissolved
and sixth) free to bind ligands. A metal ion with a triva- in tetrahydrofuran (THF), which was then allowed to evap-
lent cationic oxidation state (%) and a divalent negatively ~ orate overnight, producing a flexible polymeric membrane.
charged porphyrin ring (TPP) combine for a metallopor-  Disks (7 mm 0.d.) were then cut from the parent membrane
phyrin with a single positive charge (i.e., M(II)[TPB] In and mounted into electrode bodies (ISE-561, Ghsbilei
several published cases, such as ISEs containing indium(lll)M®ller, Zurich, Switzerland). A 0.01 M NacCl solution was
and gallium(lIl) porphyrins, the positively charged metallo- used as both the filling solution and the outer condition-
porphyrin is the active ionophore and operates via a chargeding solution. A double—junction reference electrode (Mettler
carrier mechanisrj27,28]. However, there are published ex- Toledo, Columbus, OH) was filled with 0.1 M KNbridge
amples when the presence of an anionic ligand in the fifth electrolyte.
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