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Controlling the oxygen-sensitivity of optical sensor us-
ing layers of 1-pyrenedecanoic acid and myristic acid co-
chemisorbed onto anodic oxidized aluminium plate was at-
tempted. The oxygen-sensitivity was controlled by varying
the molar ratio of myristic acid to 1-pyrenedecanoic acid.

Oxygen sensing techniques are applied to various fields,
which include chemical, clinical analysis and environmental
monitoring.' Several methods for oxygen measurement, in-
cluding methods based on titration,* amperometry,5 chemilu-
minescence,’ and thermoluminescence,” have been reported.
Among these methods, the most popular method has been the
amperometric method using an oxygen electrode.” Recently, a
variety of devices and sensors based on luminescence
quenching of organic dyes, polycyclic aromatic hydrocarbons
immobilized in an oxygen permeable polymer (e.g., silicone
polymer and polystyrene) were developed to measure oxygen
concentration.®'® As organic dyes directly interact with
polymer molecules, the properties of sensing films depend
strongly on the properties of polymer matrices. Chemisorption
layers are formed using spontaneous binding between a mer-
capto group and a metal surface (e.g., Au, Ag, or Pt)!! or be-
tween a carboxyl group and a metal oxide surface (e.g., Al,Os,
Fe,05, or TiO,).'? As the sensing dyes are arranged on the sol-
id surface directly by using this technique, a highly sensitive
device for oxygen sensing will be obtained by using chemi-
sorption layers. On the other hand, among polycyclic aromatic
hydrocarbons, pyrene derivatives display strong fluorescence
with high quantum yield and long lifetime.”* Among pyrene
derivatives, pyrene with a carboxyl group is suitable for optical
oxygen sensing devices using chemisorption layer because of
the formation of a stable layer onto anodic oxidized aluminium
and carboxyl group of 1-pyrenedecanoic acid. We previously
reported an optical oxygen sensor using 1-pyrenedecanoic acid
chemisorption layer onto anodic oxidized aluminium plate."
However, the control of the oxygen-sensitivity of this sensor
has not been attained yet.

In this work we describe controlling the oxygen-sensitivity
of optical sensor using layers of 1-pyrenedecanoic acid and
myristic acid co-chemisorbed onto anodic oxidized aluminium
plates.
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Experimental

1-Pyrenedecanoic acid and myristic acid were obtained from
Wako Chemical Ltd (Osaka, Japan). All the other reagents were
the highest grade available. Anodic oxidized aluminium plate was
electrically prepared by anodic oxidation of the surface of alumin-
ium plates (1.2 X 4.0 cm) in dilute sulfuric acid. The co-chemi-
sorbed layer of 1-pyrenedecanoic acid and myristic acid onto an-
odic oxidized aluminium plate was prepared as follows. An anod-
ic oxidized aluminium plate was immersed in methanol solution
with different molar composition ratios of 1-pyrenedecanoic acid
to myristic acid at room temperature for 10 min.

1-Pyrenedecanoic acid and myristic acid layer co-chemisorbed
onto the anodic oxidized aluminium plate showed fluorescence at
376 and 396 nm, when excited at 340 nm. The fluorescence spec-
tra shape of 1-pyrenedecanoic acid and myristic acid layer co-
chemisorbed was almost the same as the 1-pyrenedecanoic acid
layer chemisorbed. The fluorescence intensities of the 1-pyrene-
decanoic acid and myristic acid co-chemisorbed layer depended
on the oxygen concentration. This result indicates that the fluores-
cence of 1-pyrenedecanoic acid onto anodic oxidized aluminium
plate was quenched by oxygen. The ratio /o/l1o9, Where Iy and /¢
represent the detected fluorescence intensities from a substrate ex-
posed to 100% argon and 100% oxygen, respectively, is used as an
indicator of the sensitivity of the sensing film. In general, a sensor
with o/l1p0 of more than 3.0 was a suitable oxygen-sensing de-
vice.!® The Io/l g value of 1-pyrenedecanoic acid chemisorbed
layer is estimated to be 34.2. The [y/l,y values of chemisorption
layers with different molar composition ratios of 1-pyrenede-
canoic acid to myristic acid are summarized in Table 1. At a com-
position ratio of one 1-pyrenedecanoic acid to ten myristic acids,
the 1o/, attained its maximum value and then the ratio decreased
with increase in the molar ratio of myristic acid to 1-pyrenede-
canoic acid. The reason why the Iy/l,oy value was maximum at
composition ratio of one 1-pyrenedecanoic acid to ten myristic
acid is as follows. For the optical oxygen sensor using pyrene, the
interaction between photoexcited pyrene molecules is strong and
the energy transfer between photoexcited pyrene molecules reduc-
es the oxygen quenching efficiency of pyrene. At the composition
ratio of one 1-pyrenedecanoic acid to ten myristic acids, the ener-
gy transfer between photoexcited 1-pyrenedecanoic acid mole-
cules may be suppressed by myristic acid molecules and so the
oxygen quenching efficiency of photoexcited 1-pyrenedecanoic
acid may be improved. These results indicate that the oxygen-sen-
sitivity of the 1-pyrenedecanoic acid layer is controlled by the co-
chemisorption of myristic acid.

Figure 1 shows Stern—Volmer plots of 1-pyrenedecanoic acid
and myristic acid co-chemisorbed layer. Demas et al. reported a

Table 1. The Iy/l1¢0, Ksv and f Values Chemisorption Layers
with Different Molar Composition Ratios of Myristic Acid
to 1-Pyrenedecanoic Acid

Ratio of myristic acid to

-1
1-pyrenedecanoic acid fo/hoo Ksvi% !

0 342 0.97 0.98

10 47.4 1.20 0.99

50 20.8 0.59 0.97

100 20.0 0.53 0.97

200 5.32 0.34 0.79
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Fig. 1. Stern—Volmer plots for the co-chemisorbed layer of
1-pyrenedecanoic acid and myristic acid onto anodic oxi-
dized aluminium plate. The ratios of myristic acid to 1-
pyrenedecanoic acid: 0 (@), 10 (H), 50 (A), 100 (), and
200 (O).

two-site model in which the oxygen sensing film has different ox-
ygen-accessible sites.!® There are two oxygen accessible sites in
the sensing film; one is an oxygen easily accessible site and the
other is an oxygen difficult accessible site. According to this mod-
el, each site has its own individual characteristic quenching con-
stant. Since the observed fluorescence intensity is the sum of
emission from different oxygen-accessible sites with their own
characteristic quenching constants, the Stern—Volmer relationship
is given by

L/l = [Z(/(1 + Ksv[02))] ™ ey

where 7 is an integer. f, is the fractional contribution to each oxy-
gen accessible site, and Kgy, is the quenching constant for each
site. Assuming that there are k accessible (and n-k non-accessible)
molecules with the same Kgy, one can then express Eq. 1 as

I/l — I) = 1/(f Ksy [O2]) + 1/ff 2

where f = Xf;. This is the maximum mole fraction of dye mole-
cules that are accessible to oxygen.'” If only a single class of dye
molecules with the same accessibility to oxygen is present, 1/f in
Eq. 2 should be 1. Figure 2 shows the modified Stern—Volmer plot
for 1-pyrenedecanoic acid and myristic acid co-chemisorbed layer
plotted using Eq. 2. The plot of I/(Iy — I) against 1/[O,] showed
good linearity, which enhanced compared with the plot of Iy//
against [O,], exclusive of the composition ratio of one 1-pyrene-
decanoic acid to two hundred myristic acids. In order to obtain
the f value, the regression line is extrapolated to 1/[O,] = 0. The
value of f indicates the oxygen quenching mole fraction of the
1-pyrenedecanoic acid molecule and f = 1 means that all excited
1-pyrenedecanoic acid molecules are quenched equally by oxy-
gen. For 1-pyrenedecanoic acid chemisorbed layer, the f and Ksy
values were 0.98 and 0.97 %', respectively. The Ky and f values
of chemisorption layers with different molar composition ratios of
1-pyrenedecanoic acid and myristic acid are summarized in Table
1. At composition ratio of one 1-pyrenedecanoic acid to ten
myristic acids, the Kgy attained a maximum value and this then
decreased with increase the molar ratio of myristic acid to
1-pyrenedecanoic acid. As the myristic acid chemisorbed layer
controlled the oxygen-diffusion onto anodic oxidized aluminium
surface, the Kgy value of the 1-pyrenedecanoic acid layer is con-
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Fig. 2. Modified Stern—Volmer plots for the co-chemisorbed
layer of 1-pyrenedecanoic acid and myristic acid onto an-
odic oxidized aluminium plate using Eq. 2. The ratios of
myristic acid to 1-pyrenedecanoic acid: 0 (@), 10 (H), 50
(A), 100 (0), and 200 (O).

trolled by the co-chemisorption of myristic acid.
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