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Abstract An optode system based on a plasticized polymer
membrane containing cesium ion-selective fluoroionophore
and lipophilic anions for the determination of cesium ions
has been developed. In this work, 15-crown-5 derivative
including anthracene was used as a fluoroionophore.
Emission intensity of the optode membrane incorporating
15-crown-5-anthracene was measured at 500 nm with
excitation at 360 nm in the presence of Tris-HCl buffer
solution. Under optimum experimental condition, the
relative fluorescence intensity was linear with the concen-
tration of cesium ion in the range of 1.0×10-4 M to 1.0 ×
10-1 M and the detection limit was obtained 4.2×10-5 M, as
defined by LOD=3×Sb/m (where Sb=standard deviation of
blank signal and, m=slope of the calibration curve). The
effect of pH of sample solution on the fluorescent response,
the selectivity, response time and reproducibility of the
optode membrane were also discussed. The fluorescent
optode system shows a high selectivity and sensitivity for
cesium ion with respect to other cations such as K+, Na+

and Li+.
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Introduction

There is a growing need to construct chemical sensors for
rapid and selective determination of cesium ion in nuclear
waste because cesium ion can cause toxicity by replacing

potassium in muscles and red cells. Many methods such as
atomic absorption spectroscopy [1–3], radioanalysis [4–6]
and ion selective electrodes (ISEs) [7–11] were developed
for determination of cesium ion in the past. ISEs were
considered as good chemical sensors because they provide
high sensitivity and selectivity. However, they are easily
affected by electromagnetic interferences, both for the ion-
selective electrode and the reference electrode and they also
require expensive instrumentation and controlled experi-
mental conditions [12].

One of the methods to remove this limitation is ion-
selective optode systems which are advanced techniques in
analytical chemistry. They can be miniaturized and manu-
factured at low cost. Many optode systems for selective
recognition of cations were reported in the past decade [12–
16]. In these systems, the sensing membrane usually
contains a pH sensitive chromophore, a neutral ionophore
and a lipophilic anionic site when they are immobilized in
polymer matrix. The operation of such an optode usually
involves binding of the ion to the ionophore followed by
release of a proton from the chromophore, and in the
process alters the signal. Despite exhibiting high selectivity,
these multi component systems are complex and difficult to
optimize. However, once the ionophore and chromophore
are linked covalently, the fabrication and optimization of
optode systems could be simple. Many studies have been
reported. [17–23].

Furthermore, studies on extending the absorption optode
systems to fluorescent optode system reveal the possibility
to develop highly selective and sensitive optode systems.

In this connection, photo-induced electron transfer (PET)
is one of the photophysics mechanisms and used in
fluorescent sensors. There are some known fluorescent
PET sensors for selective recognition of various ions [24–
35]. In these systems signal transduction is derived from the
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ability of fluorophore functionalized with a receptor
(ionophore) through a spacer to bind an ion, with the
fluorescence properties being altered upon binding.

In previous work, the present authors reported a novel
fluoroionophore for sensing cesium ion in CH3CN-H2O
media based on the 15-crown-5-anthracene (Fig. 1) that has
crown ether recognition site and the anthracene moiety as
fluorescent signal transducer which are connected through
an imine linkage; the fluoroionophore exhibited good
sensitivity (up to 3.0×10-6 M) and selectivity for Cs+ [36].

In this work, we describe the development of a simple
component cesium ion selective optode membrane using
15-crown-5-anthrancene. The optode system shows excel-
lent sensitivity and selectivity for Cs+ with respect to other
cations with linear range and detection limit of 1.0×10-4 M
to 1.0×10-1 M and 4.2×10-5 M respectively.

Experimental

Apparatus

All the spectrofluorimetric measurements were conducted
with a SPEX Fluorolog-2 spectrofluorometer. The spec-
trometer used a 450-W xenon lamp as the excitation light
source and an R 928 photomultiplier tube powered at 950 V
as the detector. Fluorescence measurements were carried
out in quartz cell of 1-cm path length. Excitation and
emission monochromator slit, increment, and integration
time were set at 1 mm, 1 nm and 1 s, respectively. A pH
meter (Orion, model 95-02) was also used to adjust the pH
of solutions and a Kyowariken K-3SPSD-1 Spinner was
used to prepare the optode membrane. The thickness of the
membrane was measured by a scanning electron micro-
scope (JSM-7401 F, JEOL).

Reagents

All chemicals used were of analytical grade. Potassium
tetrakis (4-chlorophenyl) borate (KTpClPB) and metal
nitrate salts (LiNO3, NaNO3, KNO3, CsNO3) were obtained

from Aldrich. 15-crown-5-anthracene was kindly gifted by
Prof. Jang (Dae-Gu University, Korea).

PVC-PVAc-PVA copolymer, dioctyl phthalate (DOP),
tetrahydrofuran (THF) were purchased from Fluka and used
for membrane preparation.

A 0.05 M Tris-HCl buffer solution (pH 7.0–9.0) was
prepared by dissolving the 25 mmol tris (hydroxyl methyl)
aminomethane and 0.1 M HCl in distilled water. The pH
was checked by pH meter. Stock solutions of alkali metal
ions were prepared by dissolving 99.9% pure metal nitrate
salts in Tris-HCl buffer solution. Doubly distilled water was
used throughout.
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Fig. 1 Schematic representation of interaction between N-(4-benzo-
15-crown-5)-anthracene-9-imine and metal ion (M+)
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Fig. 2 Excitation spectrum of the optode membrane in Tris-HCl
buffer solution (pH=9.0); λem=500 nm
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Fig. 3 Fluorescence spectra of the optode membrane in the presence
of increasing concentration of Cs+; λex=360 nm, CsNO3 concentration
of a 0 M, b 1.0×10-5 M, c 1.0×10-4 M, d 3.0×10-4 M, e 1.0×10-3 M,
f 3.0×10-3 Mg 1.0×10-2 M, h 5.0×10-2 M, i 1.0×10-1 M, j 1.0 M in
Tris-HCl buffer solution (pH=9.0)
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Membrane preparation

A mixture of 66 mg PVC-PVAc-PVA copolymer, 132 mg
DOP, 2 mg potassium tetrakis borate and 3 mg fluoroiono-
phore (15-crown-5-anthracene) was dissolved in 1.0 ml of
THF to make a clear and homogeneous solution. An aliquot
of 0.25 ml of this solution was applied to the surface of
35 mm×8 mm thin glass plate which was fixed in a spin-on
device (rotating frequency 2500 (5 s): 3500 (25 s): 2500
(5 s) rpm) under a THF-saturated atmosphere. The prepared
membrane was coated onto the plate and was dried under
ambient conditions for 2 h and stored in the dark. The
membrane thickness (4 μm) was experimentally checked
using a scanning electron microscope.

Results and discussion

The excitation spectrum of the optode membrane in Tris-
HCl buffer solution (pH=9.0) is shown in Fig. 2. Maximum
excitation wavelength was observed at 360 nm and
maximum fluorescence intensity was observed at 500 nm
with excitation at 360 nm. The fluorescence spectra of the
optode membrane in the presence of increasing concentra-
tion of Cs+ ions in Tris-HCl buffer solution (pH=9.0),
excited with radiation at a wavelength of 360 nm, are
shown in Fig. 3. It showed characteristic emission of
anthracene at around 500 nm. As expected, as the
concentration of Cs+ ions increases, the fluorescence
intensity of the optode membrane dramatically increases,
gaining its maximum value at the concentration of Cs+ of
1.0 M. As mentioned, 15-crown-5-anthracene (fluoroiono-
phore) has crown ether recognition site (receptor) and the
anthracene moiety (fluorophore). In cesium ion free
condition, photo-excitation of the fluorophore (15-crown-
5-anthracene) produces an electron transfer from the
receptor to the fluorophore, resulting in a low fluorescence
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Fig. 4 Effect of pH on the fluorescence enhancement of the optode
membrane in a Tris-HCl buffer solution containing 1.0×10-3 M
CsNO3; λex=360 nm, λem=500 nm
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Fig. 5 Response time of the optode membrane, immersed in a Tris-
HCl buffer solution containing a 1.0×10-4 M, b 1.0×10-1 M CsNO3
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Fig. 6 Response curve of the optode membrane for Cs+; Inset:
Linearity of the calibration curve, λex=360 nm, λem=500 nm

Table 1 Ion selectivity coefficientsa of the membrane (at 0.01 M each
interfering ion)

System Interfering ion

K+ Na+ Li+

optode 1 −2.1 −2.8 −3.4
optode 2 −2.3 −2.1 −3.2
electrode 1 −2.2 −3.3 −5.1
electrode 2 −2.9 −3.4 −4.4

a Log Kij: i=Cs
+ , j=interfering ion
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quantum yield. However, upon cesium bindings, excitation
of the fluorophore results in the enhanced fluorescence
intensity because cesium ion electrostatically attracts the
electron which increases the oxidation potential of the Cs+-
bound receptor and thermodynamically photo-induced
electron transfer (PET) is not favorable, causing the
enhanced emission intensity.

Effect of pH of the sample solution on the fluorescent
response of the optode membrane has been investigated in
Tris-HCl buffer solution containing 1.0×10-3 M CsNO3.
The experiments were carried out in the pH range of 7.0–
9.0. As shown in Fig. 4, maximum fluorescence enhance-
ment at 500 nm was obtained in pH 9.0. Fluorescence
enhancement of the optode membrane slightly increases
along with the increase of pH value. It is assumed that at
low pH values, fluorescence enhancement by Cs+ be
decreased due to the increasing protonation of fluoroiono-
phore in the membrane phase. To minimize interference of
protonation, the subsequent experiments were performed in
pH 9.0 buffer solution.

The response times of optical systems are usually slow
compared to the electrochemical systems because a mass
transfer of the analyte has to occur before a constant signal
is obtained. Thus, reported response times are usually on
the order of minutes [13–21]. The response time depends
on the membrane thickness (d) and on the diffusion
coefficient (Dm) of the species in the membrane phase.
t95% (time needed for 95% of the total signal change to
occur) is given approximately by t95%=1.13d

2/Dm [12]. If
short response times are required, the membranes should be
thin. On the other hand, thin membranes lead to a faster
leaching of the membrane components and therefore to a
reduction of the lifetime. The diffusion coefficient of the
membrane depends on the concentration of the membrane
components, the PVC contents and the viscosity of the
plasticizer. The response time of the prepared membrane
(t95%) for 1.0×10-4 M and 1.0×10-1 M cesium ion was
found to be 420 s and 300 s, respectively (Fig. 5). We have
used 420 s as a response time of the optode membrane for
Cs determination.

The reproducibility of the optical signals was evaluated
by changing the concentration of two samples, of cesium
ion between 1.0×10-3 M and 1.0×10-2 M in Tris-HCl
buffer solution at pH 9.0. The mean fluorescence values at
500 nm and their standard deviations were obtained from
six repeated measurements and were found to be reproduc-
ible to 139±1.90% (1.0×10-3 M cesium ion) and 159±
1.63% (1.0×10-2 M cesium ion). In defining the short-term
stability of the system, the membrane was immersed in a
solution of 1.0×10-4 M cesium ion at pH 9.0 for 6 h and the
fluorescence at 500 nm was determined at hourly intervals.
The short-term stability was found to be 117±2.1% in
average of seven measurements.

A linear response of the fluorescence intensity as a
function of cesium concentration was observed from 1.0×
10-4 to 1.0×10-1 M as it can be seen Fig. 6. The detection
limit calculated as three times the standard deviation of the
blank signal was found to be 4.2×10-5 M with correlation
coefficient of 0.9969.

The optical selectivity of the optode system (optode 1)
was investigated for other cations such as Na+, K+, and Li+

based on the recommended procedure of Bakker et al [37].
Ion selectivity coefficients, Kij

opt (i=Cs+), corresponds to
the value in the case where the signal of each interfering ion
at 0.1 M is converted to the concentration of Cs+ on the
basis of the response curve for Cs+ shown in Fig. 5. We
compared it to previous results of other cesium ion selective
membrane systems (optode 2 [16] and electrode 1 [10],
electrode 2 [11]) and the results summarized in Table 1. It
can be noted that the present optode 1 has good selectivity
for Cs+ with respect to Na+, K+ and Li+ ions and its
selectivity is comparable with those of other previously
reported systems while these systems operate by different
mechanisms.

In this work, we have reported on the development of a
new and simplified cesium optode membrane based on 15-
crown-5-anthracene. The fluorescent optode membrane
offers good linear response and reproducibility and it shows
excellent sensitivity and comparable selectivity for Cs+ in
comparison with other optode systems. Studies related to
the determination of metal ions using the optode membrane
containing other potential fluorophores are in progress.
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