
A new optical oxygen sensor based on the luminescence
intensities of thenoyltrifluoroacetonato 1,10-phenanthroline
europium (III) complex (Eu(TTA)3phen) immobilized  in
poly(styrene-co-trifluoroethylmethacrylate) film was devel-
oped.  The luminescence intensity of the Eu(TTA)3phen film
decreased with increasing the oxygen concentration. A
Stern–Volmer plot of the Eu(TTA)3phen film exhibited consid-
erable linearity (r2 = 0.996) and the Stern–Volmer quenching
constant, KSV is estimated to be 0.015 %–1.

Recent years have seen a growing interest in optical oxy-
gen sensors based on oxygen-induced changes in the lumines-
cence intensity of organic dyes.1–3 Many optical oxygen sensors
are composed of organic dyes, such as polycyclic aromatic hydro-
carbons (pyrene derivatives, quinoline and phenanthrene) 4–6,
transition metal complexes (ruthenium, 7–10 osmium11 or rheni-
um–polypyridine complexes12), and metalloporphyrins,13–15

immobilized in an oxygen permeable polymer.  The essential
demands for the organic dyes are strong luminescence with high
quantum yield and have long lifetime, are desirable probes for
optical oxygen sensing materials.  Recently, much attention has
been given to the photochemical and photophysical properties of
lanthanide complexes.16 Europium (III) complexes display
remarkably strong luminescence with high quantum yield and
have long lifetime (τ < 300 µs).17 Thus, europium (III) complexes
are attractive candidates as novel optical oxygen sensing materi-
als. In addition of quantum yield and lifetime, oxygen perme-
ability of the polymer matrix is a critical property.  Polymers
possessing high oxygen permeability are advantageous to the
matrix of optical oxygen sensing systems. We have previously
reported the development of highly oxygen sensitive optical sen-
sor based on the phosphorescence intensity change of platinum
octaethylporphyrin immobilized in styrene–trifluoroethyl
methacrylate copolymer (poly-(styrene-co-TFEM)) film with
high oxygen permeability.18

In this letter we describe a new optical oxygen sensing
material, thenoyltrifluoroacetonato 1,10-phenanthroline europi-
um (III) complex (Eu(TTA)3phen; structure is shown in Figure
1) immobilized in a fluoropolymer (poly-(styrene-co-TFEM))
film, and its oxygen sensing properties.

Poly-(styrene-co-TFEM) was synthesized according to pre-
vious literature.18 The Eu(TTA)3phen immobilized in poly-
(styrene-co-TFEM) film was formed by casting a mixture of 10
wt% poly-(styrene-co-TFEM) and Eu(TTA)3phen in tetrahydro-
furan (THF) onto 1.4 × 5.0 cm non-luminescent glass slides.
The Eu(TTA)3phen concentration in the film was approximate-
ly 2.9 × 10–5 mol dm–3.  The films were dried at room tempera-
ture and stored in the dark prior to use.  The thickness of the

films was determined by the use of a micron-sensitive calliper.
The thickness of the prepared films was between 50 and 80 µm. 

Oxygen sensing was carried out by using a spectrofluoro-
photometer with a 150 W Xenon lamp as the excitation light
source. The sample film was mounted at a 45º angle in the
quartz cell to minimize light scattering from the sample and
substrate.  Different oxygen standards (in the range 0–100 %) in
a gas stream were produced by controlling the flow rates of
oxygen and argon gases entering a mixing chamber.  The total
pressure was maintained at 760 Torr (1 Torr =133.322 Pa).18

All the experiments were carried out at room temperature. The
oxygen sensing properties of Eu(TTA)3phen films were charac-
terized by the Stern–Volmer quenching constant, KSV, obtained
from the following equation: 

where I0 , I and [O2] are the luminescence intensities in the
absence and presence of oxygen and oxygen concentration,
respectively.  The KSV value was obtained from a linear plot of
(I0/I) – 1 versus [O2].

The absorption spectrum of Eu(TTA)3phen film was
almost identical to that in the THF solution.  This result indi-
cates that no electrical interaction occurred between
Eu(TTA)3phen and poly-(styrene-co-TFEM) in the ground
state.

Eu(TTA)3phen film showed strong luminescence at 612
nm.  The excitation wavelength was 350 nm.  The lumines-
cence intensity of the film depended on the oxygen concentra-
tion.  The intensity decreased with increasing the oxygen con-
centration as shown in Figure 2.  The ratio I0 / I100 is used as a
measure of the film sensitivity, where I0 and I100 represent the
detected luminescence intensities from the film exposed to 100
% argon and 100 % oxygen, respectively.  The I0 / I100 value of
Eu(TTA)3phen film is estimated to be 1.91.  This result indi-
cates that the luminescence of Eu(TTA)3phen in poly-(styrene-
co-TFEM) film is quenched by oxygen, and that this film can
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thus be used as an optical oxygen sensing device by employing
its oxygen-induced luminescence quenching ability as an indi-
cator of oxygen concentration.  

Figure 3 shows a Stern–Volmer plot for the Eu(TTA)3phen
film.  The plot exhibits considerable linearity supported by the
correlation factor, r2, estimated to be 0.996 by the least squares
method.  The KSV value of the Eu(TTA)3phen film is estimated
to be 0.015 %–1.  

An operational stability test was conducted by reading the
luminescence intensity signal while oxygenated and deoxy-
genated gases were switched for 300 s.  The response times of
the Eu(TTA)3phen film were 6.7 s for switching from argon to
oxygen, and 7.0 s for switching from oxygen to argon.  The sig-

nal changes were fully reversible and hysterisis was not
observed during the measurements.  In general, oxygen sensing
systems using dye immobilized in polymer film are strongly
affected by the thickness of the film.  A thinner film requires
less time for endogenous oxygen migration to reach equilibrium
with the external environment.  For the Eu(TTA)3phen film,
however, KSV was little affected by differences of 50 and 80 µm
in the film thickness.  An important factor for application of the
Eu(TTA)3phen film as an optical oxygen sensing material, is its
photostability.  To characterize the photostability of the
Eu(TTA)3phen film, the absorption spectrum of the film was
measured after continuous irradiation using a 150 W tungsten
lamp on the film for 12 h.  No spectrum change was observed,
indicating that the Eu(TTA)3phen film is stable against irradia-
tion.
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