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Accurate and rapid monitoring of the Li* activity in blood
for the patients in lithium therapy 1s critically important as
the gap between its therapeutic and toxic levels are very
close.! Lithium-selective electrode (Li*-ISE) has been deve-
loped for such purpose. and several commercial analyvzers
are now routinely used in many clinical laboratories.” Recently,
lithium-selective electrode has been also emploved to
measure the cardiac output of the patients in intensive care
using lithium dilution method.> Despite the increasing use of
Li*-selective electrodes (Li-ISE) in clinical field, however.
thev still suffer from insufficient selectivity over sodium and
relatively short lifetime.

To overcome the current limitations of hthium-selective
electrodes. several research groups have attempted to deve-
lop new neutral carriers that can provide improved lithium
selectivity or increased lipophilicity:*!” some of them, especi-
ally those introduced by the late Simon’s group (known as
ETH ionophores from Fluka) and Suzukis group (from
Dojindo). are now commercially available. In the analvtical
laboratories, lithium-selective membranes are normally pre-
pared by incorporating one of those commercial neutral
carmers (e.g.. ETH 1810) into the plasticized polv(vinyl
chloride) (PVC) matrix with a small amount of lipophilic
additives (e.g., potassium tetrakis(p-chloropheny1)borate:
KTpCIPB). However, it 15 known that the PVC-based ion-
selective membranes often exhibit poor biocompatibility in
clinical apphications and weak adhesion to the solid-state
sensor devices.'® The use of different polvmer matrix such
as polvurethane (PU) has been suggested; PU-based ion-
selective membranes provide enhanced biocompatibility and
adhesive property.'*~! However. they tend to result in higher
detection limits with reduced response slopes.- For this
reason. PU is often blended with PVC to take advantage of
both matrix svsten. -

Recently we have been mvolved in developing Li*-ISE
for biomedical use emploving new and known ionophore
systems.® During our search, it was confirmed that the Li*-
ISE based on ETH 1810 provides analvtically meaningful
results. if appropriate precautions and calibration procedures
are taken. However, the PVC-based membranes exhibit slow
response tinies in the serum measurements possibly due to
protein adsorption on the membrane surface and fairly short
lifetimes due to limited lipophilicity of the ionophore.™
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Although there are several new lithium-selective 1onophores
that seem to provide enhanced analytical performance over
ETH 1810 in the literature. they are not readily available for
usual application. In this note. we. therefore, made a pre-
Liminary mvestigation about the use of PVC/PU-mixed poly-
mer matrix for the ETH 1810-based Li -ISEs. and discuss
the effect of PU contents on their general potentiometrnc
performance.

Experimental Section

Reagents. All salts and the membrane components (analy-
tical-reagent grade). namely. poly(vinyl chlonde) (PVC),
ortho-nitrophenyloctylether (0-NPOE). potassium tetrakis-
(4-chloropheny)borate (KTpCIPB). N.N-dicyclohexyl-N'N*
diisobutyl-cis-cvclohexane-1.2-dicarboxanude (ETH 1810)
were purchased from Fluka (Buch. Switzerland). Aromatic
PU60 which contain 40 wt.% of hard segment (MDI: 4.4'-
methylenebis(phenyl 1socvanate)) and 60 wt.% soft segment
(PTMEG: poly(tetramethylene ether glycol), Mw = 2000),
and HPU (hydrophilic polvurethane) were synthesized as
described in our earlier work.”

Preparation of Polvymer Membranes. Lithium-selective
membranes were prepared by mcorporatng ETH 1810 into
the plasticized PVC-, PU-, HPU-, PVC/PU- or PVC/HPU-
based matrices; their compositions (33 wt% polymeric
matrices; e.g.. PVC, PU. HPU, PVC/PU and PVC/HPU
welght ratio referred to Table 1). 65.4 wt.% NPQE. | wt.%
ETH 1810. and 0.6 wt.% KTpCIPB) have been optimized as
described in the literature “ The membrane components were
dissolved in THF and then casting the cocktails m a glass
rmg (22-mm 1.d.) placed on a flat plate. This membrane
dried for 12h at room temperature.

Evaluating Potentiometric Response and Lifetime. The
potentiometric behaviors of lithium-selective membranes
were evaluated in the conventional ISE configuration. Small
disks (5.5 mm) were punched from the cast film and
mounted i Philips electrode bodies (I1S-361:. Glasblaserei
Maller. Ziinch. Switzerland) with 0.1 M LiCl as an internal
filling solution. The potential changes of hithium-selective
electrode were measured against a conventional liquid junc-
tion type reference electrode (Orion model 90-02: sleeve-
tvpe double junction Ag/AgCl electrode) using an IBM AT-
type computer equipped with a lugh-impedance mput 16-
channel analog-to-digital converter. The potentiometric beha-
viors of all electrodes were determined in a 0.05 M tris-HCI
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Table 1. Composition of lithium-selective membranes and comparison of their potentiometric properties
No Polymeric matrix Slope Det. Limit Selectivity coef. (-logKT; \+)
’ {(wt.% ratio) (mV/dec.) log [Li*] K* Na~ Catt Mg
1 PVC {10t 386 -3.20 -2.34 —2.33 =220 -3.39
2 PVC : PUGO (80 : 2th 387 —1.96 =2.30 —2.27 -2.04 -3.14
3 PVC : PUGO (75 25) 386 —1.90 =243 —2.26 =202 -3.14
4 PVC : PUGO (30 3th 376 —1.81 247 —2.26 =207 -3.12
3 PVC : PUGO (253 75) 36.8 —L.39 -2.38 221 =203 —2.89
6 PUBH (100) 318 —4.34 -2.28 —2.12 =2.03 —2.62
7 PVC : HPU (80 : 20y 36.9 —1.95 —1.43 —-1.83 =244 =344
8 PVC HPU(75:23) 36.9 —1.80 -1.12 -1.03 -2.19 —2.96
9 PVC : HPU (30 : 30y 339 .32 —0.86 -1.33 -1.84 —2.81
10 PVC HPU(25:73) 491 —L01 -1.17 -1.61 -2.10 —2.96
11 HPU (10 11.7 -3.33
buffer solution (pH 7.2) by titrating dropwise the sample
solutions containing alkali metal and alkaline earth metal 200
cations at room temperature. The selectivity coefficients were
deternuned from the response potentials in comresponding
cation solutions with respect to those of nterfering cations 100
(0.1 M) by the separate-matched potential method.™ The
lifetimes of lithium-selective electrodes were measured from E
the response potentials to the varving LiCl concentrations 5 o4
everv dav after keeping them in a 0.05 M tms-HCI buffer E
solution at room temperature. §
Results and Discussion -1007
Potentiometric properties such as response slopes, selec-
tivity. and lifetime are determined for each membrane listed 2005

in Table 1. In general the selectivity, sensitivity and detection
limit of ISEs are governed by the type of neutral cammer,
lipophilic additive, and the tvpe of plasticizer in the mem-
brane.”® On the other hand, the lifetime of the membrane
largely depends on the lipophilicity of its electroactive com-
ponents.~ In this study. however. we attempted to improve
the hfetine of ETH 1810-based membranes using PU
containing matrix svstems: it was expected that the urethane
groups i PU may provide stronger matrix-carrier inter-
action, resulting in slower leaching of the ionophore from
the membrane phase.

We examined the effect of PU/PVC blending on the
general potentiometric properties of ETH 1810-based LiISE
membranes. Figure | 1s the calibration plots for the ETH
1810-based membrane svstems composed of varving PVC/
PU ratios from 100/0 to /100 (see table | for the details of
therr compositions). As for the PVC/PU mixed matnx
svstems. the increasing ratios of PU have little effect on the
response slopes, but result in higher detection limits. The
lithium selectivity over K*. Na™, Ca-*. and Mg~* also gradu-
ally deteriorates with increasing PU contents. suggesting
that PU has some degree of interaction with those alkali and
alkaline earth metal cations. In our recent study for the PU
membranes doped with various lipophilic additives using
FT-IR. electric conductivity and differential scanning calon-

log[Li*], M

Figure 1. Calibration plots of emf vs. log[Li*] in a 0.05 M 1ris-
HCI butfer solution. Membranes are based on the PVC/PU mixed
matrix system and N N-dicvelohexyl-N, N “diisobutyl-cis-cyclo-
hexane-1,2-dicarboxamide (ETH 1810).

metry (DSC), it was observed that the polyether-type soft
segment chain strongly mteract with the sodium and pota-
ssium ions.”” Such an interaction betwveen the matrix and
alkali metal cations would contribute to lowering the litluum
selectivity of PU containing membranes. Nevertheless, mem-
brane 2 which has PVC/PU ratio of 80/20 exhubits highly
comparable potentiometric properties to those of PVC-based
membrane, providing Nemstian slope (387 mV/dec.) and
shghtly reduced lithium selectivity over other cations.

Since the lithium 1on 1s thermodynamuically stable in high
dielectric medium, we presumed that the membranes with
mereased hydroplulicity would provide mmproved lithium
distribution and lead to ncreased lithuum selectivity. Contrary
to our presumption, however, as Figure 2 and Table | show,
the increasing HPU ratios in the PVC/HPU matrix systems
result m very poor potentiometric properties: they exlubit
reduced response slopes. signmificantly deteriorated lithium
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Figure 2. Calibration plots of emf vs. log[Li"] in a 0.05 M #ris-HCI
buffer. Membranes are based on the PYC/HPU mixed matnx
svstem and N N-dicvclohexyl-N, N -diisobutyl-cis-cyclohexane-
| ,2-dicarboxamide.
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Figure 3. Litetime of the ion-selective membranes based on PVC
(C-2)PUPVC( -0 and HPU/PVC( - 7 ymatrix svstem
with the lithium-selective neutral carrier, N, N-dicvelohexyl-V AN
diisobutyl-cis-cyclohexane-1,2-dicarboxamide.

selectivity. and increased detection lunits. Furthermore, the
membrane composed of pure HPU exlubited null response
to the cations. It suggests that the lithium ion permeated to
the membrane phase tends to be hvdrated rather than form
complex with the lipophilic ETH I810 compound m a
hydrophilic medium.

We then exammed the effect of mixed PU or HPU on the
lifetime of LiISE based on the membranes 1, 2 and 7. which
exhibited the potentiometric properties similar to that of the
PVC-based. As the results in Figure 3 demonstrate, the life-
time of the membrane 2 was elongated over 90 days, while
that based on PVC (membrane 1) could be used only a week.
It is interesting to note that the PYC/HPU mixed membrane
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system (membrane 7) also provides longer lifetime than that
based on PVC. It indicates that the lithium-selective iono-
phore. ETH 1810. has increased mteraction with the PU
chans, and resulting in reduced leaching rate. This result
may implicate that the hifetime of the ISE membranes with
less lipophilic neutral carmers based on inear podand would
be greatly mmproved using PU mixed matnx. Other cation-
selective neutral carriers of the same tvpe are being nvesti-
gated in the PVC/PU muxed matrix system.

Conclusions

In tlus article. we have shown that the hfetime of polymer
membrane-based lithium-selective electrode could be mm-
proved dramatically by using PU/PVC mixed matnx. but at
the cost of shightly reduced detection limits and selectivity.
The PU/PVC membrane with 8 : 2 nuxing ratio and ETH
1810 hthium-selective neutral carmer exhibited comparable
potentiometric properties to those of the PVC-based one,
and provided over 90-days of Lifetime. The use of HPU
mixed PVC, on the other hand. significantly deteriorated the
lithium selectivity of the membrane. The result observed n
this work may be applied to increase the hifetime of other
cation-selective electrodes with less lipophilic neutral carmers
based on linear podand structure. Furthermore. since PU has
stronger adhesion to the solid-state substrate and improved
biocompatibility. the PVC/PU-mixed matrx system could
be used to prepare the mimaturized ISEs with increased
lifetime.
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