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Ion-selective electrodes for determination of phenylalanine
based on uranyl complexes of phosphoryl-containing podands
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The possibitity of phenylalanine determination using membrane ion-selective electrodes
bused on uranyl complexes with phosphoryi-containing podands was shown. The variation of
the procedure of membrane preparation (cither entrapping the preiiminarily svathesized
uranvl—podand complex in the membrane phase or conditioning of the podand-contamning
membrane in the wvranyl solution) was found to have practically no etfect on the electrode

properties.
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In the last few years a series of studies on the use of
macrocycles and their acyclic analogs. podands. for the
determination of various organic substrates has ap-
peared.}2 Thus, crown ethers and podands are known to
tix compounds with protonated amino groups by hvdro-
gen bonds as host—guest complexes and so can be used
as the active components of the membranes of won-
selective electrodes (ISE). 34 However, in the case of
highty hivdrophilic organic guests. ¢.g., amino acids, it is
difficult 1o achieve effective membrane transport and a
reliable analytical signal, as these compounds are too
hydrophilic.

In our opinion, metal complexes with long-chain
podands offer promise as reagenis for fixing and deter-
mination of amino actds and other bifunctional com-
pounds. If some O atoms of the podand polyether chain
are not coordinated with the metal, they can fix the
ammonium group of the substrate. If the metal 1on s
coordinationally unsaturated. it can fix the carboxyl
group of the substrate. In the ideal case both types of
interaction and effective blocking of the hydrophilic
groups of the target compounds are feasible and create
the prerequisite for etfective membrane transfer.

The metal complex itself should be stable, electrically
neutral, and highly soluble in organic solvents. The uranyl
complexes of long-chain podands meet these demands.”
The choice of uranyl as the centrai ion is dictated by its
oxophilicity and high coordination potentialities.

We herein report a study on uranyl complexes with
podands containing anionogenic or neutral phosphoryl-
containing terminal groups as electrode-active compo-
nents of phenvlatanine-sensitive 1ISE membranes.

Experimental

Reagents and solutions. Phosphoryl-containing podands dif-
fering in oxyethylene chain length, 1.11-bis{2-(hydroxy-

ethoxyphosphorylphenoxy)-3.6.9-trioxaundecane) (1), 1, 14-bis(2-
{hydroxyethoxyphosphorylphenoxy)-3.6.9. 1 2-tetraoxatetradecane)
(2), and [.14-bis{2-(diphenviphosphorylphenoxy)-3,6.9,12-
tetraoxatetradecane) (3), were synthesized in the Institute of
Physiologically Active Compounds, Russian Academy of Sci-
ences (Chernogolovka), Their purity was controlled by 'H and
3P NMR spectroscopy and elemental analysis.® o-Nitropheny!
octyl ether (NPOE} (reagent grade, Fluka) and dibutyl sebacate
(DBS) (reagent grade, Flukay were used as plasticizers. Sodium
tetraphenylborate (STPB) and dodecylammonium bromide
(DAB) ware used as lipophilic components. Polyvinyl chloride
(PVC) (Selectofor) was used as a polymeric binder for the
membrane. The membrane componenis were dissolved in freshly
distilled THF.7 The soiutions of phenvialanine hydrochloride
(Phey (reagent grade) were prepared by the weighing method
with subsequent dilution with bidistiled water. The pH value was
adjusted by addition of HC1 and LIOH. The solution of uranyl
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mitrate was prepased by dilution of an exactly weighed portion of
uranous-uranic oxide in HNO;.

Film PVC-plasticized membranes were prepared by the so-
lution of PVC, the piasticizer, and the carrier (podand) in THF
with stirring according 1o the reported method.8 The content of
the peutral carrier in the membrane was 5% of the total mass;
the PVC--plasticizer rano was 1 @ 1. A lipophilic companent
(2 mol.%) was introduced in seme membranes.

Fquipment and experimental technigue. Electromotive force
oi the galvanic etement composed of an ISE with a plasticized
membrane fixed in the Teflon case (with 0.1 M solution under
study as the inner filler and with an Ag/AgCl internal reference
electrode) and an EVL-1MZ-1 Ap/AgC! reference electrode
was measured by an 1-130 pH meter. This instrument with an
ESL-63-07 glass electrode was also used for pH contro! of the
solutions.

Results and Discussion

We herein repon the results of a study of the electro-
chemical characteristics of membranes based on uranyl
complexes with acidic {containing anionogenic terminal
groups) and neutral (containing phosphinoxide terminal
groups) podands.

There are two variations of preparation of the mem-
brane compositions based on the metal-—podand com-
plexes. The first method includes the preparative synthe-
sis of the complexes {e.g., under extraction conditions)
followed by their entrapping into the membrane. An
organic phase containing 5-107F mol- L™ of a podand
in chloroform was saturated with a uranyl nitrate solu-
tion with a concentration of 5-107% mol-L™1 The
saturation was achieved by repeatedly shaking the or-
ganic phase with a fresh portion of the aqueous phase up
to termination of uranium(vi) extraction {the content of
vraniumQv) in the aqueous phase was controiled spec-
trophotometrically). These experiments showed that
10-fold saturation is necessary for quantitative binding
of a podand. The organic phase was filtered off into a
drv weighing bottle and kept up to complete evaporation
of chloroform.

The second method includes introducing a free
podand into the membrane phase and subsequent condi-
tioning of the resulting membrane in the solution of a
metal salt.

Preliminary experiments showed a negligible differ-
ence in the characteristics of ISE obtained by these two
methods (see below). For the most part, we used the
stimpler second method.

The podand-based electrodes were kept for 48 hin a
uranyl nitrate solution at pH 2.5, A lipophilic admixture
(STPB). which s known to increcase the membrane
conductivity, prevent the penetration of anions from the
solution under study, and enhance ion-exchange pro-
cesses at the boundary of the two phases.t was intro-
duced into the membrane to improve the 1SE charac-
teristics.

Flectrodes based on uranyi-modified membranes con-
taining acidic podands. The electrode based on acidic
podand 1 with NPOE plasticizer demonstrates a cationic
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Fig. 1. pH-Dependence of the electrode function steepness

response for Phe in the acidic pH area. The steepness of
the electrode function reaches the theoretical value
(S = 57) at pH 6.25. the range of Phe concentrations
being (1072—10"" mot- L. Of course, the Phe con-
centrations, which can be determined, are too high for
most practical apphcations. However, the fact of re-
sponse s of importance by itself. It is cven more inter-
esting that in the pH range of 3—7 Phe exists mainly as
an electrically neutral zwitterion, and the electric signal
is likely connected with the presence in the solution of a
markedly small part of the charged form. In this case,
the response should be changed to anionic {in the
solution the anionic form of the amino acid begins 1o
prevail), when going to the basic range. As can be seen
in Fig. 1, this actually is the case. At high pH values the
steepness of the anionic clectrode function approximates
the Nernst value, and the range of determinable amino
acid concentrations shifts to lower values. Further stud-
ies were performed at pH -8.5.

The electrode based on podand 2 with six O atoms In
the polyether chain is also Phe-sensitive. but the elec-
trode characteristics are somewhat changed. Thus, the
detection limit decreases, and linearity is observed in the

Table I. The main characteristics of Phe-reversible 1SE, pH = 8.3

EAC Plasti- Steepness Linearity Chain
cizer /mV dec™! interval /mol L)
i NPOE 55 1073107t s.1074
2 NPOE 32 1075-- 1072 3107
29 NPOE 38 W03 —1072 31073
24 DBS 48 1074—10"2 5-1973
3 DBS 33 19741072 541073
3 DBS 59 1074—1071 31077
37 DBS 43 1074--1073 41075

2 With DAB as a lipophilic component.
7 Membrane unmodified with uranyl.
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Fig. 2. pH-Dependence of the potential of ISE membranes
based on (/) podand 2. (2) podand 3, and (J5) podand 3
unmodified with uranyl in Phe solutions.

range of lower concentrations. However, the steepness
of the electrode function falls (see Table ).

The potential of the membrane based on compound
2 depends on pH in a sophisticated way (Fig. 2).
pH-Dependence has two regions where the acidity does
not affect the vatue of the membrane potential (in the
pH runge ot 4.75—3.5 and at pH > 8.5). Introducing the
cationogenic component (DAB) into the membrane
phase based on compound 2 results in an increase of the
steepness of the electrode function but at the same time
causes increase of the detection limit.

Substantially, electrodes unmodified with uranyl dis-
play no response under these conditions.

Optimization of the membrane composition. We stud-
ied the plasticizer influence on the electrode properties
of the membrane based on podand 2 with the lipophilic

admixiure. The experimental data attest that the use of

DBS somewhat enhances the electrochemical character-
istics of 1SE (see Table 1).

Electrodes based on urapyl-modified membranes con-
taining neutral podands. We also used mare traditional
guests, phosphoryl-containing podands with neutral
diphenyiphosphinoxide terminal groups, as electrode-
active components of ISE.

The steepness of the electrode function of the uranyl-
modified ISE with the membrane based on compound 3
plasticized with DBS was found to approach the Nernst
value (S = 33) at pH ~8.5. When a lipophilic admixture
(DAB) was iatroduced into the membrane phase, the
theoretical value of the steepness was reached. It should be
mentioned that the electrode with the membrane unmodi-
fied with uranyl also displays response in Phe solutions but
has worse electrode characteristics (see Table 1).

The pH-dependence for the electrode based on com-
pound 3 is similar to that of the clectrode based on
acidic podand. One can observe two plateau in the pH

range of 3.3—4.2 and at pH > 9.0 (see Fig. 2). It is
interesting to note that in the casc of the electrode based
on unmoditied podand, a plateau is not observed in the
region of high pH values, but there is an increase in the
ciectrode potentiuf. This is indirect evidence of the
generation of metal complex in the first case and of its
role in the tormation of the analvtical signal.

Electrodes based on preliminarily synthesized metal
complexes. Podund metal complexes were prepared un-
der the extraction conditions and were introduced in the
membrane composition. Dodecylammonium bromide
and sodium dodecyl sulfate (SDS) (1073 mot L™! solu-
tion) were used as the internal reference solutions. When
DAB was used as the internal reference solution. the
reproducibility of results was somewhat better than in
the case of the membranes prepared by conditioning in
uranyl solutions. The steepness of the electrode function
was somewhat higher (it reproducibly reached the theo-
retical value § = 56), but the linearity range was markedly
narrower [(2.5-1073—1072) mol L7'}.

Thus, we showed the possibility of using membranes
based on metal complex carriers (uranyl-modified acidic
or nonacidic podands) for Phe determination. We have
also found that the difference in the methods of mem-
brane preparation (entrapping the preliminarily prepared
complex or conditioning the membrane in the urunyl
nitrate solution) has practically no effect on the electro-
chemical characteristics. However, in the first case the
reproducibility of results is somewhat higher.
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