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Polymence membrane clectrodes for acetate anion based on meso-(o.onon.o)-5,10, 15, 20-(ctrakis[ 2-(penta-
Tuorophem lurca)phenylporphyrin I and similar urca-functionalized porphyrins H-IV as neutral 1onophores
were prepared. The membrane based on porphynin ©exhibits the best potentiometrie propertics in pH 6.0 rather
than pH 7.0 lincar stable response over a wide concentration range (6.0 x 10 1.0 x [0 %) with a slope ol -39.6

mV/decade and a detection limit of log[CH:COO ] =

-3.32. Seleetivity cocllicients oblained from the matched

potential method (MPM) in pH 6.0 indicate that interferences of hydrophobic anions are very small tor the
membranes ol porphyrins I and 11 having the strong withdrawing group. The clectronie efleet ol urca-
functionalized porphyrins and pH eltect of bulTer solutions are discussed on the potentiometric response.
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Introduction

Many cations can be sclectively and sensitively delermin-
cd by dircct mecasurement with ion-sclective clectrodes
(ISEs). but (he sclective determination of many anions has a
crucial drawback such as the classical Holincislcr scrics
which is corrclated with a preference for hydrophobic
anions., Therelore. the need for ionophores wilh improved
sclectivitics and scnsitivitics in the ficld of anion-sclective
clectrodes is increased. The delermination of acclale anion is
very important in [ood science. cspecially  [ermentation
processes. Enzymatic methods for the delermination of
acclate ion were developed. but they use biological enzymes
as well as time-consuming.'~ Analytical methods for (he
detcrmination of acelalc anion include spectrophotometry ™!
clectrochemistry.™ and chromatography. - Among (hem. it
was known (hat potentiometric analvsis by ISE is simple.
rapid. and less expensive. The first polentiometric response
for the analysis ol acclale was studicd using a gas-permeable
membranc thal was used in Severinghaus-type sensors™ and
fow injection analyvsis svsicms (o scparatc acclic acid vapor
from the samplc solution. These methods suffer from high
detection limits and interferences such as H-S. HNO-. SO-.
CO- in acidic solutions. Many ISEs and bulk optodes have
so lar been developed by using ionophores for carboxylates.
but arc scleclive flor carbonate or lipophilic carboxylates
rather than for acctate.”'! Although metalloporphyrins were
uscd as ionophores of anions in polymeric membrancs.'~
but porphyrin derivatives were usually cmploved as iono-
phores of cations."™® However. potentiometric sensor for
acclalc has been recently developed based on a meso-
(ceoroor)-(etrakis [2 - (4-fluoropheny lurca)pheny [ porphyrin
without mcial centers that form hyvdrogen bonds 1o the
acclalc ion.”” The TSEs respond more strongly to acctate in
pH 7.0 buffer solutions than to C1 which forms highlyv stable

L : 1 complexes in DMSO-ds.

In the present study. we will describe the preparation and
characiterization of acctate-ISEs bascd on urca-functionaliz-
¢d porphyrins as ncutral ionophores. The clectronic ¢ffect of
urca-functionalized porphyrins and pH cffect of buller
solutions arc described on the potentiometric response. The
ISE bascd on ineso-(o.o. . c)-1ctrakis[ 2-(pentafluoropheny 1-
urca)phenyl]porphyrin (I) having the strong withdrawing
group c¢xhibits improved sensitivity. sclectivity. and lifctime
for acclale anion in pH 6.0 buffer solutions.

Experimental Scction

Reagents. Urca-Tunctionalized porphyrins (I-1V) (esied as
acctate ionophores were preparcd according to the procedure
described previously.'” and they arc shown in Figure 1. High
molccular weight PVC. dioctyl scbacaic (DOS). dioclyl
adipatc (DOA). diocty| phthalate (DOP). 2-nitropheny | octyl
cther  (0-NPOE).  tridodecy lmethylammonium — chloride
(TDDMACI) and tetrahydrofuran (THF). which were
obtaincd rom Fluka. were used to prepare the PVC
mcmbranes. Analytical grade sodium and potassium salis of
tested anions were used. Doubly distilled watcr in a quartz
apparatus was uscd to prepare all aqucous clectrolyte
solutions.

Preparation of polymeric ion-selective electrodes. The
compositions of PV(-bascd acctate-sclective clectrodes
were summarized in Table 1. and the (ypical onc was 33 mg
PVC. 66 mg plasticizer. 1 mg ionophore and TDDMACI (50
mol% of ionophore). The ionophore. plasticizer and PVC
were dissolved in the appropriatc volume of THF and
mechanically stirred. All membrane cocktails were cast in
glass rings placed on glass plates for comventional ion-
sclective clectrodes. Solvent from PVC incmbrane was
allowed to cvaporatc for at lcast 24 hours at room



1410 Bull. Korean Chem. Soc. 2002, Vol. 23. No. 10

I. R, R.=F
IL R =L, Ra=11

N, Ry, Ra=11
1V. R;=CH;. Ry=H

Figure 1, Sructures ol urea-functionalized porphyrins [-1V used in
the acctate-[SEs.

temperature. The thickness of the resulting membrane was
about 0.3 mm.

Potentiometric measurements. The clectrochemical pro-
pertics of acetate-selective clectrodes were investigated in
the conventional configuration. Small disks were punched
from the cast membrancs and mounted in Philips electrode
bodics (IS-561). For all clectrodes, 0.1 M KCI was used as
an internal (illing solution. The external reference electrode
was an Orion sleeve-type double-junction AgiAgCl cefer-
ence electrode (Model 90-02). The electrochemical potential
was measured using 16-channel potentiometer coupled to a
computer. The dynamic response curves were produced by
adding standard solutions of anions to magnetically stirred
buflfer solution (0.05 M HEPES-LiOI). The sclectivity
coc(ficients (log K", ,) were determined by the matched
potential method (MPM). At least three times measurcment
were performed. and the data were determined [rom the plot.

Hyo Kyvoung Lee et al.
Results and Discussion

lost compounds as an anion ionophore should satisfy
certain conditions. They should bind sclectively specific
anion. and have kinetically fast exchange and sulliciently
lipophilicity. The pl1 dependence ol potentiometric response
was investigated in different pll (5 to 8) bulfer solutions. The
clleet of pll on the potentiometric response ol the novel
clectrode prepared with urea-lunctionalized porphyrin 1 as
an ionophore (66 mg o-NPOE, 33 mg PVC, 50 mol%
TDDMACIL. and | mg urca-lunctionalized porphyrin 1) is
studied in 0.05 M HHEPES-LIOI [ bufter solutions at different
pll valucs. and shown in Figure 2. The results indicate that
the potentiometric responsc Lo acetate depends on the buffer-
ing pll values. According o experimental results, when the
solution pll was increased from 5 to 8. the slope and
detection limit of the membrane was slightly changed. The
better slope and detection limit was obtained at pll 6: the
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Figure 2, The potentiometric responses of the novel elecirodes
prepared ionophore 1in 0,05 M HEPES-LIOI T buller solutions at
different pH values.

Table 1. Selectivity cocflicients of PVC-based acctate sclective membranes in pH 6 HEPES-LiOH buffer solutions.

log K7

lonaphore Slope Detection |.imit P
{mVidecade) (log|CHCOO™|) i=HSO< j=HCO: j=1I i=Br |=ClOs [=NOr j=SCN- j=NO:-

1 -59.6 -5.32 219 -2.13 -1.96 -1.89 -1.71 -1.69 -0.88 -0.02

1 -57.5 -5.20 2.5 -2.33 -2.27 2.2 -1.97 -1.99 -1.13 -0.08

111 -33.6 -5.03 -2.46 -3.16 272 -1.81 -3.63 -1.93 -0.45 +0.47

v -50.8 -4.93 -1.42 -1.86 -0.96 -0.91 -0.37 -0.50 +0.45 -0.49

¢ -54.8 -4.51 -0.56 -1.34 -0.20 -0.13 +0.12 +0.21 +0.60 +0.68

“In pH 7 HEPES-NaOQH bulter solution {rel. 19)
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slope of -59.6 mVidecade and the detection limit of

log|CH1COO™| — -5.32. This Nernstian is for a monovalent

anion response. When considering the different values of

imitial potential at different ptls in Figure 2, the hydroxide
anion aclivily aflects the potentiometric response of the
membrane. It can be concluded that the membrane exhibits
excellent response Lo acctale about pl 6.0. The eflect of the
bufler strength was also evaluated. When the molarity of the
HEPES-LiOH (pH 6.0) was more than 0.05 M, the buflering
capacity for some strongly acidic and basic anions was
satisficd within the anion concentrations tested. All remain-
ing experiments were performed using a 0.05 M EHEPES-
LiO11.

The anion-ISE membranes were prepared with urea-func-
tionalized porphyrins ([-IV) as an ionophore and studied lor
potentiometric response Lo several anions. They have dilter-
ent electronic effect in urea-phenyl moicty of porphyrins. As
it was mentioned. the polentiometric responses of PVC
polymeric membranes containing urca-functionalized por-
phyrins (1-1V) for acetate anion-sclective clectrode were
extensively studied in pI 6.0 solutions. The typical com-
position was 50 mol% TDDMACI vs. ionophore, 33 mg
PVC, 66 mg plasticizer, and | mg ionophore [-IV. Figure 3
illustrated the clectronic effect of urea-functionalized por-
phyrins on potentiometric response, and the polentiomelric
results (or acetate were shown in Table |. The 1SE based on
urca-[unctionalized porphyrin 1 cxhibits a lincar stable
response over a wide coneentration range (6.0 x 107-1.0 x
107%) with a slope of -59.6 mV/decade and a detection limit
of log|CH;COO™] — -5.32. Among the membrancs prepared
from urca-functionalized porphyrins {1-1¥), the urca-
functionalized porphyrin 1 gives the good sensitivity and
Nernstian slope. These results imply that the urea-lunction-
alized porphyrin [ having the strongly withdrawing group
may cllectively bind with acetate anion in the polymeric
membrane. The responses of the membrane to cight inter-
fering anions were tested under the determined optimal
conditions. Using an clectrode based on a quaternary ammo-
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Figure 3. The potentiometric responses of the clectrodes prepared
ionophore I-IV in pH 6 bufter solutions.
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nium salt (TDDMACI), the potentiometric responsce [ollows
the Tofmeister series, ClOy™ = SCN™ > Salicylate = [ =
NO;™ = NO-™ = Br™ = CI7, HSO;™ = C1;CO07, HCO;™ =
1180, The selectivity pattern can also be seen in Table 1,
and reflects the average response of the cleetrode to three to
morc tests with cach anion in pH 6 bufler solutions. The
scleetivity serics of the membrane containing ionophore 1 or
Il gives the follow as C1CO0™, NO;™ = SCN™ > ClO,",
NO»™ = Br™ = [T = 118057, 1HCO5™. These ionophore-based
[SEs cxhibited cxeellent selectivity for acctate over every
anion tested. The previous result is also shown in Table |
which was obtained in pll 7 HEPES-NaOII buffer solu-
tions."” Based on the membrane containing ionophore I,
sclectivity cocflicients for acctate over several anions are
improved in pll 6 compared with those obtained in pll 7.
The result indicates that porphyrins 1 and 11 having the
strongly withdrawing group may sclectively bind with acetate
anion in the polymeric membrane under the condition of ptl 6.

The clfeet of plasticizers used was investigated in PVC
polymeric membrances containing 1 mg ionophore 1. 50
mol% TDDMACI vs. ionophore. 33 mg PVC, and 66 mg
plasticizer. Figure 4 illustrates the acctale calibration curves
for their clectrodes in 0.05 M TTEPES-LIOII plT 6.0 buffer
solutions. Because membranes prepared from  o-NPOE
showed the best detection limit. the best lincar range, and
Nernstian slope for acctate. o-NPOE was chosen as a proper
plasticizet for use in the acetate-[SE membrancs.

The response time of the ionophote-based membranc
cleetrode ranged from less than 10 sce at all concentrations
of acetate, and these novel prepared clectrodes do not
display any hysteresis clfects.
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Figure 4. The accrate calibration curves for membranes prepared
from diflerent plasticizer with ionophore 1in pl 6 bufier solutions.
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Figure 3. The acetate calibration curves as a function of additive
percentages for the membrane containing ionophore T in pH 6
buller solutions.

The percentage of ion-exchanger (TDDMAC]I) nsed in the
membranes is optimized by preparing membranes with 66
mg ¢-NPOE. 33 mg PVC. 1 mg ionophore 1. and differing
percentages of the additive. ranging from 0 to 100 mol% of
the ionophore. Figure 3 shows the acetate calibration curves
as a function of additive percentages in 0.05 M HEPES-
LiOH pH 6.0 buffer solutions. The different slopes were
obtained by calibrating the 1SE in different additive percent-
ages. The worsening of the detection limit and slope below
and above 30 mol% may be explained by the strong
influence of ion-exchanger as an additive compound. The
optimal formulation is when 30 mol% additive is used.

The stability of these membranes was measured as a
function of time. The membranes are stored in 0.05 M
HEPES-LiOH pH 6.0 buffer solutions when not in use. It
was well known that the membrane components in PVC-
based ISEs bleed into solution over time. resulting in a
degradation of the performance of the membranes. The
decrease of the sensitivity in the polymeric membrane mayv
be dependent upon the lipophilicity of an ionophore. which
can result in the ionophore bleeding from the membrane.
Since urea-functionalized porphyrins (I-TV) as ionophores
are neutral compounds having high lipophilicity. the mem-
branes based on them should produce slow bleeding of
ionophore. The stability of these membranes was evidenced
in both the slopes of the calibration curve and the detection
limits. After 15 days. the electrodes were responding at 97%
of the initial response. By the end of one month. the
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response observed were still responding at 90% of the initial
value. The long lifetime of the membrane as the acetate-[SE
is due to the relatively high lipophilicity of the neutral
ionophores tested in the membrane.

Conclusions

The potentiometric propeties are dependent upon the elec-
tronic effect of urea-functionalized porphyrin derivatives and
buffering pH. Among the various membranes. the acetate-
[SE prepared from porphyrin I having the strong withdraw-
ing group may effectively and selectively bind with acetate
anion in the polymeric membrane under the condition of pH
6. The membrane based on urea-functionalized porphyrin I
exhibits a linear stable response over a wide concentration
range (6.0 x 107°-1.0 x 107) with a slope of -39.6 mV/
decade and a detection limit of log|CH,COO™| = -5.32. and
the selectivity series of the membrane gives the follow as
CHiCOQO™. NO;™ > SCN™ > C1047 . NO:™ > Br > I" > HSO5™,
HCO;". The membrane was found to be chemically and
physically stable. and made steady potential in 10 seconds
with high reproducibility. The long lifetime of the membrane
as the acetate-ISE is due to the relatively high lipophilicity of
urea-functionalized porphyrins as neutral ionophores in the
membrane.
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