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ethylhexyl) sebacate (C26Hso04; DOS), and 75
mg ofpoly(vinyl chloride) (high molecularweight
PVC), all Selectophore® from Fluka AG, Buchs,
Switzerland.

A 0.2 ml portion of this soln. was brought
onto a rotating, dust-free sapphire plate (single
parallel MIR crystal, 52 mm x 10 mm xl mm,30
internal reflections, angle of incidence 60°, re-
fractive index 1.768 at 20°; Victor Kyburz AG,
Safnern, Switzerland). This plate had been placed
in a closed vessel saturated with THF, which
formed part of a spin-on device [21] (rotating
frequency 800 rpm) allowing the preparation of
membran es with controlled and reproducible
thickness of 0.5-2 l-UJ1. After removing the sap-
phire plate with the optode membrane from the
spin-on device, it was left at r.t. for some h for
further drying. The refractive index of the mem-
brane was 1.474 as determined by anAhhe refrac-
tometer (Carl Zeiss, Oberkochen, Württ., Ger-
many) at 20°.

Abstract. The absorbance of a solvent polymerie bulk optode membrane in contact with
sapphire as a wave-guide is studied with the attenuated total reflection (ATR) tech-
nique. Utilizing thin (~ I !Jll1) and, therefore, fast-responding membranes, high values
of absorbance are obtained by multiple internal reflection (MIR). The approach has an
advantage over conventional transmission studies in that the light beam does not pass
through the sample solution. Samp1e-induced swelling of the membrane may, however,
create problems.

2.1. Membranes
Membranes were prepared as described in [7]

by dissolving in 2 ml of freshly dis-tilled THF,
15.4mg ofthe ionophore (-)-(R,R)-N,N'-[bis(ll-
ethox ycarbony I)undecy I]-N,N' ,4,5-tetrameth y1-
3,6-dioxaoctanediamide (C3sH72N20S; ETH
1001), 3.85 mg of the chromoionophore 11-[( 1-
butylpentyl)oxy ]-II-oxoundecy 14- {[9-(dimeth-
ylamino)- 5H -benzo [a] phenoxazi n-5-y lidene]-
amino} benzeneacetate (C46Hs9N30S;ETH 2439),
6.6 mg of anionic sites, sodium tetrakis[3,5-
bis(trifluorometh yl)phen yI]borate (C32H12BF24
Na; NaTm(CF3)2PB), 157 mgofplasticizer, bis(2-

1. Introduction

Recently, a quite generally applieable
concept for sensing ions as well as certain
neutral analytes by bulk optode mem-
branes has been described [1-3). It is fun-
damentally suitable für transmission and
reflectance as weil as luminescence meas-
urements [1-3]. With only few excep-
tions, absorbance measurements have been
carried out using conventional spectro-
photometers [4-7] or photodiodes coated
with such bulk optode membranes [8][9].
For practical applications, inaccuracies
arising from sample-induced scattering
and/or absorption changes in the transmis-
sion mode were compensated by referenc-
ing to a blank membrane [10--13]. Fluo-
rescence studies on the same systems [14]
and reflectance measurements on similar
but not reusable reagent 1ayers [15] have
been described. Here, we report on a pre-
liminary study of evanescent-wave spec-
troscopy (for further literature see [16-
20)) applied toCa2+-se1ectiveoptode mem-
branes which were previously character-
ised in the transmission mode [7][11).

2. Experimental

NUMBER OF

2.2. Optical System
Optical measurements were perfornled using

aF ourier-transform microscopic spectrophotom-
eter in the transmission mode (Hitachi model U-
6000 microscopic PT spectrophotometer, H itachi
Ltd., Tokyo). The light beam, emitted from a 50-
W halogen lamp, was focussed via a collimator
lens on the sapphire crystal at an angle of inci-
dence of 60° (see Fig. J). In the attenuated total
reflectance(ATR) mode(evanescent-wave),the
absorbance ofthe sapphire-supported membrane
in contact with different sampIe solns. was stud-
ied by measuring the output of the light intensity
with the above spectrophotometer. For that pur-
pose, the membrane (provided with a Teflon®
spacer of 0.2 mm thickness) formed one wall of
a thermostated (25°) flow-through cell of 36 !lI
volume, through which the sam pie soln. was
driven (see Fig. J) by a peristaltic pump (11 mll
h).

2.3. Reagents
Doubly quartz-distilled HPand chemicals

of p.a. grade were used throughout. CaCl, so Ins.
were prepared with a NaOAc buffer of pH 3.65.

REFLECTIONS : 30/2

MEMBRANE THICKNESS 0.5 . 2 pm

Fig. I. Schematic diagram 01sapphire wave- guide (ATR) in contact with an ion-selective PVC optode
membrane
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Fig. 2. Norma/ized evanescent-wave spectra taken in the ATR approach on a Ca2+ -selective optode membrane in contact with different sampie solutions
(see Experimental)

3. Results and Discussion

For the present study, a membrane was
used containing a selective ionophore for
Ca2+ and another one for H+ (chromo-
ionophore) in a relatively thick organic
phase [7]. Upon extraction of one Ca2+
from the sampie solution, two H+ are re-
leased from the membrane phase. Conse-
quently, the chromoionophore changes its
optical spectrum according to the degree
of protonation [1-3].

flectance [18-20]. A crystal of 52 mm
length therefore provides an effective path
Iength of 15 times 831 nm == 12 /lIl1 (one
side of sapphire plate; number of reflec-
tions: 30/2). With membranes of ca. ] /lIl1

thickness, membrane-inherent response
times of ca. I s have been obtained [7].
The response time of a 12 j..IJ11 thick mem-
brane in the transmission mode would be
at least 100 times higher, although the
absorbance observed in the ATR approach
described here remains comparable. There-
fore, thin membranes can be used in the
MIR mode to produce sensors of fast re-
sponse, simultaneously exhibiting high
absorbances. Furthermore, in the evanes-
cent-wave spectroscopy, the light beam
does not pass through the sampie solution
if the membrane is sufficiently thick (in
the present case: ~ 253 nm, penetration
depth of the electromagnetic field vector
in a bulk membrane phase [20]).

From measurements in the transmis-
sion mode on a DOS/PYC membrane con-
taining the chromoionophore ETH 2439,
molar decimal absorption coefficients of
7 .1·1041mol-1 cm-1 (at656nm) and 3.2'104

1 mol-1 cm-I (at 512 nm) were ca1culated
for the absorption maxima of protonated
and deprotonated form, respectivel y. Based
on these values, such a membrane of only
I J.lID thickness should give an absorbance
of ca. 0.15.

Evanescent -wave spectra obtained with
a Ca2+ -selective optode membrane of sim-
ilar thickness (see Experimental) in con-
tact with different sampie solutions are

6 8 10
log (aci·/ aH~)
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NaTm(CF3)2PB
DOS
PVC
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Such a bulk-response optode mem-
brane, extracting analytes from the sampie
solution, was put in contact with a sap-
phire crystal acting as an optical wave-
guide (see Fig. 1). For a light beam (A =
663 nm) at an angle of incidence of 60°
and refractive indices of 1.768 and 1.474
for sapphire and PVC membrane, respec-
tively (see Experimental), an effective path
length of 831 nm (hypothetical thickness
averaged for perpendicular and parallel
polarized light) is calculated for each re-
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Fig. 3. Experimental eva-
nescent-wave response in
comparison with computed
curve (solid Une). 1-a: De-
gree of protonation.
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given in Fig. 2. They are normalized far
10-4 M CaC12 solutions and the isosbestic
point at 570 nm. The absorbance differ-
ence between protonated (in 10-2 M HCI)
and deprotonated (in 10-3 M KOR) form of
the chromoionophore is 0.859 forthe ATR
system described here (Fig .1),correspond-
ing to 0.072 for a membrane of ca. 1 l-lI11

thickness in the conventional transmis-
sion mode.

When plotting the degree of protona-
tion, l-a, ofthe chromoionophore against
the ratio of activities, aCa2+/aH+(for de-
tails, see [7][21]), the sigmoidal shape of
the theoretically predicted response curve
[1-3] is corroborated (Fig. 3), although
the, deviations of the experimental data
points from the computed curve are larger
than those observed in conventional ab-
sorption studies [4][7].

In contrast to transmission measure-
ments, where a swelling of the membrane
due to contact with different sampie solu-
tions does not cause problems, in the eva-
nescent-wave approach a decrease in ab-
sorbance is expected with increasing mem-
brane volume. Indeed, baseline shifts of
up to 6% in absorbance can be observed
when changing from 10-1 to 10-4 M CaC12
sampie solutions. In the conventional trans-
mission mode, however, the correspond-
ing shifts are weil below 1%.

At a samp1e f10w rate of 11 ml/h (10-4
M CaCI2, buffered at pH -3.6), the signal
stability (at 663 nm) for the system de-
scribed here amounts to ± 0.002 and
± 0.005 in absorbance with and without
optode membrane, respectively. The re-

producibility of the signal is 1.6% (SD,
n = 7) when changing from 1Q-4 to 10-3 M

CaCl2 solutions, and the signal stability
within 1 h is 0.8%.
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