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(57) ABSTRACT 

Provided is an optical sensor including a support and a 
detection layer, Wherein the detection layer includes: 

(a) a luminescent material Wherein the luminescence inten 
sity of the luminescent material varies as the amount of an 
analyte varies; 

(b) a re?ective material having a highly e?icient re?ectance 
of the Wavelengths of excitation and of emission of the 
luminescent material; and 

(c) a polymeric binder to support and hold together the 
luminescent material and the re?ective material. Such an 
optical sensor can be advantageously used in the detection of 
gaseous, ionic, and nonionic analytes in highly scattering 
samples. Also provided are methods for the manufacture of 
such optical sensors. 
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METHODS FOR PRODUCING OPTICAL SENSORS 
WITH REFLECTIVE MATERIALS 

TECHNICAL FIELD 

[0001] The present invention relates generally to optical 
sensors and to methods for producing optical sensors. More 
particularly, the present invention relates to optical sensors 
based on luminescent detectors Which comprise highly 
re?ecting materials in the same layer that contains lumines 
cent materials. This layer of luminescent material and 
re?ecting material typically forms an outer surface of the 
optical sensor and is in direct contact With the mixture 
containing the materials to be analyZed. 

BACKGROUND 

[0002] Optical sensors based on ?uorescent or phospho 
rescent materials are knoWn for use in detecting various 
gases and ionic materials in ?uid samples, such as blood and 
sea Water. Typically, oxygen sensors are based on quenching 
of the luminescence of luminescent materials Within the 
sensors by the analyte gases in a sample. As described in 
MacCraith et al., J Sol-Gel Sci. and Tech, 8, pages 1053 
1061 (1997) and references therein, the variation in the 
luminescence signal With analyte concentration is described 
by the Stern-Volmer equation: 

[0003] Where I0 is the luminescence signal in the absence 
of the analyte and KSV is the Stern-Volmer quenching 
constant Which determines sensitivity. For reliable analyses, 
it is preferable to achieve a linear relationship or response 
betWeen the luminescence signal and the amount, such as 
partial pressure of a gas either in a gaseous or dissolved 
form. 

[0004] Alternatively, such optical sensors may employ 
?uorescent dyes Which change their absorbance properties 
and hence, indirectly alter their emission yield upon proto 
nation or deprotonation according to the sample or internal 
sensor pH. TWo examples of such sensors include a CO2 
sensor With the dye hydroxypyrenetrisulfonic acid, as 
described in US. Pat. No. 5,506,148, and a pH sensor With 
the dye ?uorescein, as described in WO 95-30148 to Alder, 
et al., both of Which are incorporated by reference herein.. 

[0005] In these optical sensors, a substrate Which is trans 
parent to the excitation and emission Wavelengths of the 
luminescent material is typically used. This type of substrate 
makes it possible to bring a thin sensor coating or layer 
containing the luminescent material on the substrate into 
contact With the sample While permitting the excitation light 
to reach the sensor coating and the emission signal generated 
by the luminescent material to be detected through the 
transparent substrate. In general, With this approach to 
optical sensors, it is sometimes dif?cult to achieve reliable 
analytical measurements because speci?c samples, such as 
blood and milk, tend to absorb, or scatter, or re?ect the 
excitation light and the emission signal either back into the 
sensor detection layer or back into the detection optics 
through the transparent substrate. Other types of optical 
interference are stray light from the ambient conditions 
around the optical sensor and sample and stray light from a 
second optical sensor located in the vicinity of the ?rst 
sensor as Well as ?uorescence from the bulk sample (i.e., 
bilirubin ?uorescence in the case of blood). 
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[0006] One approach to solving this problem has been to 
place a second coating layer over the sensing or detection 
layer and thus interpose a separate layer betWeen the sensing 
layer and the sample. This second coating layer typically 
absorbs and blocks the excitation light and emission signal 
to prevent them from reaching the sample. Thus, any 
sample-induced changes due to hematocrit effects on 
absorption, scattering, or re?ection of the excitation light 
and emission signal are substantially reduced. 

[0007] The use of a second layer over the sensing layer has 
been described for ?uorescence based sensors utiliZing 
chemical processes to produce an opaque but permeable 
second layer Which is laminated or coated onto the sensing 
layer. For example, US. Pat. No. 5,091,800 to Offenbacher 
et al. discloses the use of ion permeable cover membranes 
made from crosslinked polyvinyl alcohol or cellophane 
Which is stretched on a form and then impregnated With 
silver, gold, or platinum colloidal particles through a series 
of chemical treatments to form an opaque membrane. This 
opaque membrane is then laid in a separate process step over 
the sensing layer. US. Pat. Nos. 4,919,891; 5,075,127; 
5,081,041; and 5,081,042 to Yafuiso et al. describe other 
examples of opaque second layers over the sensing layer 
Where the opaque second or cover layer is an ion permeable 
cover membrane impregnated With a non-re?ective opaque 
material such as carbon black or, alternatively, is a coating 
of a cellulosic resin With non-re?ective opaque materials 
such as copper phthalocyanine or carbon black. 

[0008] These sensors do, hoWever, have disadvantages 
related to requiring an additional layer in their production. 
The introduction of a second layer betWeen the sample and 
the detection layer disadvantageously tends to block or 
inhibit the requisite contact betWeen the analyte and the 
detection layer. To overcome this draWback, the second layer 
must be highly permeable to the analyte and adhere Well to 
the detection layer. In addition to the increased expense of 
a second process step and permeability issues, the variations 
in material compositions and properties can make this 
second opaque layer especially problematical When consid 
ering material compatibilities betWeen the sensing and 
opaque layers in production and betWeen the opaque layer 
and the sample in use. 

[0009] These extra complexities and disadvantages of a 
second or cover layer interposed betWeen the sensing layer 
and the sample are multiplied in the event that tWo or more 
different sensing layers are present in a single optical sensor 
for the detection of tWo or more different analyZable mate 
rials or analytes, such as described in a copending US. 
Patent Application Ser. No. entitled “Optical Sensor and 
Method of Operation,” Which is fully incorporated herein by 
reference and referred to hereinafter as the “Chiron Sensor 
Application,” ?led on even day hereWith by the common 
assignee. Each of these different sensing layers Would 
require a matched second or cover layer, probably different 
for each sensing layer. Also, the processing, chemistry, and 
permeability of the opaque second or cover layer adds 
complexity and Would be more dif?cult to control on a 
consistent production basis. 

[0010] An alternative type of optical sensor is based on 
differences in absorbance rather than differences in lumi 
nescence. These absorbance based sensors typically require 
the excitation light to be transmitted through the sensing 
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layer after exposure of the layer to the sample being ana 
lyZed. The analysis is performed using changes in the 
transmission or absorbance spectrum of the sensor or, in the 
case of opaque samples, by using changes in the re?ectance 
spectrum of the sensor. The detection process for absorbance 
based sensors is generally less complex than for lumines 
cence sensors, for example, because only the absorbance 
Wavelength enters into the analysis. There is no secondary 
emission Wavelength so that complications due to light 
scattering effects are con?ned to a single Wavelength. HoW 
ever, luminescence sensing is more speci?c and hence 
signi?cantly more sensitive due in part to its dependence 
upon tWo separate Wavelengths (i.e., the excitation and 
emission) rather than just one Wavelength. It therefore 
operates at much loWer analyte levels of detection and With 
smaller sample volumes than absorption analysis. 

[0011] One variation of the absorbance based sensors is a 
multilayer design With a reagent layer Where the analyte 
reacts With a reagent to form a detectable species Which 
diffuses to a detection layer Where its amount is measured, 
as described in US. Pat. No. 4,042,335 to Clement. It also 
contains additional layers, such as a spreading layer, for a 
total of 3 or more layers in the optical sensor. Typically, this 
type of optical sensor uses a re?ectance based measurement 
system With a transmitting substrate in a slide frame holder. 
For the particular measurement requirements of these sen 
sors, a separate light blocking layer containing a re?ective 
opaque material, such as titanium dioxide (TiOZ), as one of 
the multiple layers has been described in US. Pat. No. 
3,992,158 to PrZybyloWicZ et al. and in US. Pat. No. 
4,042,335 to Clement; both of Which are fully incorporated 
herein by reference; and in US. Pat. Nos. 4,781,890 and 
4,895,704 and Eur. Pat. 142,849 B1, all to Arai et al.. 
Alternatively, the opaque materials can be in the spreading 
layer, as described in US. Pat. No. 3,992,158 to PrZyby 
loWicZ et al. U.S. Pat. No. 4,895,704 to Arai et al. describes 
the incorporation of light-scattering particulates, such as 
titanium dioxide, in a hydrophilic layer containing a reagent 
or containing a registration layer, to make the light trans 
mittance in the range of 2.5 to 10% at the Wavelengths used 
for measuring the detectable species. 

[0012] It has been suggested by Klimant et al. in Anal. 
Chem. 67, pages 3160-3166 (1995) that one might incorpo 
rate TiO2 into a luminescent sensing layer although they 
Were unsuccessful in producing an oxygen sensor Which had 
the required response speed With the opacity to ef?ciently 
block optical interference. 

SUMMARY OF THE INVENTION 

[0013] One aspect of the present invention pertains to an 
optical sensor comprising a support and a detection layer, 
Wherein the detection layer comprises: 

[0014] (a) a luminescent material Wherein the lumi 
nescence intensity of the luminescent material varies 
as the amount of an analyte varies; 

[0015] (b) a re?ective material having a highly ef? 
cient re?ectance of the Wavelengths of excitation and 
of emission of the luminescent material; and 

[0016] (c) a polymeric binder to support and hold 
together the luminescent material and the re?ective 
material. 
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[0017] In one embodiment, the detection layer of the 
optical sensor of the present invention has a thickness of 
from 0.2 to 15 microns. In a preferred embodiment, the 
detection layer has a thickness of from 0.5 to 10 microns. In 
a more preferred embodiment, the detection layer has a 
thickness of from 1 to 8 microns. 

[0018] In one embodiment, the re?ective material of this 
invention is present in the amount of 5 to 65% of the Weight 
of the detection layer. In a preferred embodiment, the 
re?ective material is present in the amount of 10 to 50% of 
the Weight of the detection layer and, more preferably, in the 
amount of 30 to 50% of the Weight of the detection layer. 

[0019] In one embodiment of this invention, the re?ective 
material is a pigment. Suitable re?ective pigments for use in 
this invention include, but are not limited to, titanium 
dioxide, Zinc oxide, antimony trioxide, barium sulfate, and 
magnesium oxide. Titanium dioxide or its commercial 
equivalent is a particularly preferred re?ective pigment. 

[0020] In a preferred embodiment of this invention, the 
detection layer is an outer layer of the optical sensor adapted 
for contact With a sample or mixture containing an analyte. 
In a particularly preferred embodiment of this aspect, the 
optical sensor consists of a support and a detection layer as 
a single layer optical sensor. 

[0021] In one embodiment, the luminescent material is a 
?uorescent material or combination of materials that pro 
duce ?uorescence. In another embodiment, the luminescent 
material is a phosphorescent material. In a preferred embodi 
ment, the luminescent material is platinum octaethyl por 
phyrin. 

[0022] In one embodiment, the polymeric binder of the 
present invention comprises a hydrophobic binder. In a 
preferred embodiment, the polymeric binder comprises a 
methacrylate based polymer or copolymer. In a particularly 
preferred embodiment, the polymeric binder is a copolymer 
of ethylhexyl methacrylate and methyl methacrylate. 

[0023] In one embodiment, the support is substantially 
transparent to the Wavelengths of excitation and of emission 
of the luminescent material. In a preferred embodiment, the 
support is a transparent ?exible plastic ?lm. 

[0024] In one embodiment, the analyte is a gas. In one 
embodiment, the analyte gas is oxygen. In one embodiment, 
the analyte is an ionic material. In another embodiment, the 
analyte is a nonionic material. 

[0025] Another aspect of the present invention pertains to 
methods for preparing an optical sensor comprising the steps 
of: (a) providing a support; and (b) coating a liquid mixture 
onto the support and subsequently drying the liquid mixture 
to form a solid detection layer, as described herein, on one 
side of the support. 

[0026] In one embodiment of the methods, the optical 
sensor comprises tWo or more detection layers coated in a 
pattern on the support. In a preferred embodiment of the 
methods, the tWo or more detection layers coated in a pattern 
on the support are capable of sensing the concentration of 
tWo or more different analytes. In another embodiment of the 
methods, the tWo or more detection layers coated in a pattern 
on the support are outer layers of the optical sensor adapted 
for contact With the analyte. In a preferred embodiment of 
the methods, the tWo or more detection layers, coated in a 
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pattern on the support as outer layers of the optical sensor, 
are adapted for contact With tWo or more different analytes 
in a sample. 

[0027] In one embodiment of the methods, the detection 
layer is heated above the glass transition temperature of the 
polymeric binder and then cooled back to ambient condi 
tions in a curing process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a representation of the components to an 
optical sensor in the present invention. 

[0029] FIG. 2 is a schematic representation of the test 
apparatus capable of measuring the output signal of a 
luminescent optical sensor of the present invention. 

[0030] FIG. 3 is a Stern-Volmer plot of the luminescence 
intensity ratio (FO/F) versus amount of oxygen (mm pO2) for 
an oxygen sensor, as described in Comparative Example 1, 
With a clear aqueous buffer calibration sample and With tWo 
opaque blood samples having tWo different concentrations 
of total hemoglobin (THb). 

[0031] FIG. 4 is a Stern-Volmer plot of the luminescence 
intensity ratio versus amount of oxygen for an oxygen 
sensor containing titanium dioxide, as described in Example 
1, for both blood and tonometered buffer samples. 

[0032] FIG. 5 shoWs the response speed for achievement 
of 90% of the ?nal luminescent emission for the control 
oxygen sensor containing no titanium dioxide, as described 
in Comparative Example 2. 

[0033] FIG. 6 shoWs the response speed for achievement 
of 90% of the ?nal luminescent emission for an oxygen 
sensor of the present invention containing 50% titanium 
dioxide, as described in Example 2. 

[0034] FIG. 7 is a Stern-Volmer plot of the luminescence 
intensity ratio versus amount of oxygen for an-oxygen 
sensor containing a blush polymer, as described in Example 
3, for both blood and tonometered buffer samples. 

[0035] FIG. 8 is a Stern-Volmer plot of the luminescence 
intensity ratio versus amount of oxygen for an oxygen 
sensor containing a combination of a blush polymer and 
titanium dioxide, as described in Example 4, for both blood 
and tonometered buffer samples. 

[0036] FIG. 9 shoWs the response to aqueous calibration 
buffers and blood samples of a pH sensor made Without 
re?ecting material, as described in Comparative Example 3. 

[0037] FIG. 10 shoWs the response to buffers and blood 
samples of a pH sensor made With a combination of blush 
polymer and titanium dioxide, as described in Example 5. 

[0038] FIG. 11 shoWs the percentage difference betWeen 
the luminescent signals observed With blood and aqueous 
tonometered samples for carbon dioxide sensors, as pre 
pared Without re?ecting material in Comparative Example 4 
and With re?ecting material as in Example 6. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] As illustrated in FIG. 1, the present invention 
pertains to an optical sensor 10 comprising a support 12 and 
a detection layer 14, Wherein the detection layer comprises: 
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[0040] (a) a luminescent material 2 Wherein the lumines 
cence intensity of the luminescent material varies as the 
amount of an analyte varies; 

[0041] (b) a re?ective material 6 having a highly ef?cient 
re?ectance of the Wavelengths of excitation and of emission 
of said luminescent material; and, 

[0042] (c) a polymeric binder 4 to support and hold 
together the luminescent material 2 and the re?ective mate 
rial 6 in a sensing environment accessible to sample analytes 

[0043] In a luminescence based optical sensor 10 for use 
in measuring the amount of various analyZable materials or 
analytes in a sample, an excitation Wavelength is selected to 
induce the luminescence. This excitation Wavelength is 
typically chosen based on the absorption spectrum of the 
luminescent material 2 and considerations for the ef?ciency 
and reliability of the excitation light source. 

[0044] Similarly, an emission Wavelength is selected to 
measure the intensity of the luminescence. This emission 
Wavelength is typically chosen based on the luminescence 
emission spectrum of the luminescent material 2 and con 
siderations for the ef?ciency and reliability of the emission 
detection device. 

[0045] The Word “light”, as used herein, means radiation 
over the Wavelength range of the ultraviolet, visible, and 
infrared regions. For luminescence based optical sensors 10, 
discrete portions of the visible region betWeen 400 and 750 
nm are typically utiliZed for both the excitation and the 
emission detection Wavelengths. By the Word “lumines 
cence”, as used herein, is meant light emitted by radiative 
dissipation from an electronically excited state of a mol 
ecule. By the Word “?uorescence”, as used herein, is meant 
luminescence betWeen states of identical multiplicity, typi 
cally betWeen the loWest excited singlet state and the singlet 
ground state of the molecule. By the Word “phosphores 
cence”, as used herein, is meant luminescence betWeen 
states of differing multiplicity, typically betWeen the loWest 
excited triplet state and the singlet ground state. 

[0046] A suitable device for measuring the response of 
optical sensors 10 in the present invention is described in 
FIG. 2. The measurement apparatus 140 is comprised of a 
?oW cell assembly 60 and a source and detector sub-system 
100. For the optical source and detector sub-system 100, an 
LED source 152 and a lens 154 are used to launch excitation 
light through ?lter 162 into one leg 182 of the ?ber optic 
splitter 180 (available from American Laubscher Corp., 
Farmingdale, NY, and having a numerical aperture of 
0.485). The luminescent light signal returning from the 
sensor 10 doWn ?ber cable 80 and leg 184 is passed through 
?lter 168 and aperture 158 before detection by a photodiode 
172 (available from Hamamatsu Corporation, BridgeWater, 
N] The output current of emission detector 172 is ampli 
?ed With a preampli?er 174, such as a Stanford Research 
SR570 current preampli?er (available from Stanford 
Research Systems, Inc., Sunnyvale, Calif.), converted to a 
voltage and recorded for use in analysis. For the case With 
a pH sensing dye ?uorescein used in the detection layer 14 
of the optical sensor 10, as described in Example 5, a 
Panasonic® Blue LED (P389ND available from Digi-Key, 
Thief River Falls, Minn.) Was used for source 152. A485 nm 
center Wavelength 22 nm half bandWidth ?lter (available 
from Omega Optical, Brattleboro, Vt.) Was used for ?lter 
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162 and a 535 nm center Wavelength 35 nm half bandwidth 
?lter (also available from Omega Optical, Brattleboro, Vt.) 
Was used for ?lter 168. It should be evident that each 
individual sensor detection layer 14, employing a different 
dye as the luminescent material 2, Will require its oWn 
preferred LED source 152, excitation interference ?lter 162, 
and emission interference ?lter 168. 

[0047] When the luminescence detection layer 14 of opti 
cal sensor 10 is brought in contact With the sample by means 
of ?oW cell assembly 60 in order to measure the analyte, the 
optical emission signal that is generated and subsequently 
conveyed by ?ber optic 80 to the excitation and detection 
sub-system 100 needs to be correlatable to the amount of the 
analyte Which is present. During this measurement, a num 
ber of optical interferences may occur betWeen the sample 
and the excitation and emission light. These interferences 
may include: absorption of either excitation or emitted light 
Which reaches the sample layer; a scattering, or re?ection of 
the excitation light, Which has passed through the sensor 10 
or detection layer 14 into the sample, back into the detection 
layer 14; and a scattering, or re?ection of the emission light, 
Which has been emitted from the detection layer 14 into the 
sample, back through the detection layer 14 and support 12 
and subsequently into the emission detection optics. These 
interferences may combine to signi?cantly alter the emission 
signal depending on the nature of the sample. Typically, 
these interferences are not as large as a factor of four, but 
they still introduce a signi?cant uncertainty in the measure 
ment of the analytes. Another type of optical interference is 
stray light from the ambient conditions around the optical 
sensor 10 and sample as they reside in the ?oW cell assembly 
60 during the measurement period or from a second detec 
tion layer 14 located near to the ?rst detection layer 14 on 
a sensor. 

[0048] To overcome these optical interferences Without 
affecting signi?cantly the interaction betWeen the analyte 
and the luminescent material, the present invention includes 
a re?ective material 6 added to the luminescent material 2 in 
the detection layer 14. This re?ective material 6 provides a 
highly ef?cient re?ectance of the Wavelengths of excitation 
and of emission of the luminescent material. Suitable re?ec 
tive materials are pigments and blushed or voided polymers; 
and combinations thereof. Blushed or voided polymers as 
re?ective materials are described, for example, in the afore 
mentioned U.S. Pat. Nos. 3,992,158 to PrZybyloWicZ et al. 
and 4,042,335 to Clement. Suitable re?ective pigments 
include, but are not limited to, inorganic pigments such as, 
for example, titanium dioxide, Zinc oxide, antimony oxide, 
magnesium oxide, barium sulfate, and aluminum oxide. 
Particularly preferred re?ective pigments are titanium diox 
ides, either in their rutile, anatase, or brookite forms, and 
blushed or voided polymer pigments. Blushed or voided 
polymers in a pigment form are typically White in appear 
ance, obtain their highly ef?cient re?ectance from light 
scattering by microscopic voids in the solid polymer, and 
have little or no solubility in organic solvents or Water, These 
properties also make them compatible With coating mixtures 
used to apply the detection layer to a support. An example 
of such a commercially available product is “PERGOPAK® 
M2” obtainable from MARTINSWERK GmbH, Berkheim, 
SWitZerland. The term “highly ef?cient re?ectance”, as used 
herein, refers to a material having greater than 75% re?ec 
tion of the Wavelength of light, relative to 100% re?ectance 
for magnesium oxide, as measured according to Roffey in 
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PhotopolymeriZation of Surface Coatings, Wiley-Inter 
science, 1985, pages 110 to 117 and references therein, all of 
Which are fully incorporated herein by reference. 

[0049] This highly ef?cient re?ectance of the re?ective 
material 6 serves the function of acting as an internal light 
barrier in the detection layer 14 to reduce optical interaction 
With the sample in contact With the sensor 10 or detection 
layer 14. The addition of the re?ective material 6 also 
enhances the emission signal by re?ecting excitation light, 
Which may otherWise escape by transmittance into the 
sample, back into the luminescent material 2 as Well as 
re?ecting the luminescent emission back through the support 
12 and toWards the detector optics in 100. This enhancement 
of the emission signal by the re?ective material 6 is an 
especially important feature of this invention and is consis 
tent With the bene?t of adding a re?ective material 6, rather 
than a non-re?ective absorptive material, to a thin detection 
layer 14. A re?ective material 6 blocks light from reaching 
the sample, as an absorptive material may also do; but the 
re?ective material 6 has the important additional feature of 
re?ecting light to enhance the emission signal Which is not 
available from a non-re?ective absorptive material. 

[0050] It is preferable that the percent re?ection of the 
Wavelengths of the excitation and emission of the lumines 
cence based optical sensor 10 by the highly efficient re?ec 
tive material 6 be relatively high. Preferred are re?ective 
materials With greater than 90% re?ection, as measured 
according to the references cited herein, of the Wavelengths 
of light of interest for the optical sensor. Particularly pre 
ferred are re?ective materials With greater than 98% re?ec 
tion. 

[0051] The particle siZe of the re?ective pigments of the 
present invention can affect the uniformity of the lumines 
cence response, particularly large particles With average 
diameters greater than 5 microns When used in thin detection 
layers With thicknesses of 5 microns or less. Suitable particle 
siZes for the re?ective pigments have an average diameter in 
the range of 0.05 to 5 microns. Preferred are particle siZes 
With average diameters in the range of 0.1 to 0.5 microns. A 
useful form of TiO2 is Ti-Pure® and is available from E I du 
Pont de Nemours, Wilmington, Del. in several dry grades as 
Well as slurries. TiO2 pigment is also available from Kronos 
Inc., Houston, Tex., in various grades. 

[0052] The amount of the re?ective material 6 used should 
be suf?cient to reduce the optical interferences from the 
sample and from stray light to acceptable levels Where a 
suf?cient correlation betWeen luminescence intensity and 
the amount of the analyte is achieved in the sensor mea 
surement system, independent of Whether clear aqueous 
samples or highly turbid blood samples are being used. The 
speci?c amount of the re?ective material 6 varies depend 
ing, for example, on the luminescence properties of the 
speci?c luminescent material 2 and polymer binder 4 being 
used, the ?nal thickness of the sensing layer and the degree 
of optical interference Which must be removed. For 
example, to reduce by 50% an optical interference originat 
ing With the sample, the coating should have a measured 
absorbance or optical density (O.D.) value of about 2 at the 
Wavelength of interest When the sensor excitation and emis 
sion collection optics have a numerical aperture of 0.485. 
Also, for example, to reduce by 90% an optical interference 
originating With the sample, the coating should have a 
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measured absorbance or optical density value of about 4 at 
the Wavelength of interest When the excitation and emission 
optics have a numerical aperture of 0.485. For a thin 
detection layer 14 this Will require a materially higher 
percentage of the re?ective pigment 6 than for a thicker 
detection layer 14. Suitable Weight percentages of the re?ec 
tive material 6 in the detection layer 14 are in the range of 
5 to 65% of the Weight of the detection layer as these do not 
unduly alter the coating solutions enough to prevent their 
application by standard coating technologies or alter the 
desired combination of luminescence sensitivity and quan 
titative response and very rapid response times to the analyte 
in the sample. Preferably, the Weight percentages of the 
re?ective material 6 of the Weight of the detection layer 14 
are 10 to 50% and, more preferably, are 30% to 50%. 
Although larger percentages are possible, care must be 
excercised not to greatly compromise or lose the polymeric 
binder 4 properties Which support and hold together the 
luminescent material 2 in a speci?c or desired sensing 
environment or to interfere With the coating rheology. 

[0053] The presence of the re?ective material 6 in the 
detection layer 14 of the luminescence based optical sensor 
10 eliminates the need for any additional coating layers over 
the detection layer 14. In a preferred embodiment, the 
detection layer 14 is an outer layer of the optical sensor 10 
adapted for contact With a sample or mixture containing an 
analyte and is thus applied on the sample side of the optical 
sensor. In a particularly preferred embodiment, the detection 
layer 14 is the only layer present on the support 12 of the 
optical sensor 10. 

[0054] Many luminescent materials 2 Which are useful to 
provide a concentration variable emission signal in response 
to gaseous, ionic, and nonionic analytes are conventional 
and Well knoWn in the art and can be used in the present 
invention. In one embodiment, the luminescent material of 
this invention is a ?uorescent material. Suitable ?uorescent 
materials include, but are not limited to, dyes from the 
?uorescein, rhodamine and pyrene families. In one embodi 
ment of this invention, the ?uorescent dye used for sensing 
pH is ?uorescein. In another embodiment, the ?uorescent 
dye used for sensing pH changes caused by the presence of 
carbon dioxide gas is hydroxypyrenetrisulfonic acid. 

[0055] In another separate embodiment, the luminescent 
material of this invention is a phosphorescent material. For 
example, in a preferred embodiment, a phosphorescent 
material is utiliZed to measure oxygen gas. Suitable phos 
phorescent materials include dyes from the porphryin series. 
In a preferred embodiment, the phosphorescent material is 
platinum octaethyl porphyrin. 
[0056] The amount of luminescent material 2 should be 
sufficient to provide an analyte concentration dependent 
emission signal Which is of suf?cient intensity for use in the 
particular sensor measurement system being used. The spe 
ci?c amount of the luminescent material 2 in the detection 
layer 14 varies depending, for example, on the quantum 
yield properties of the speci?c luminescent material 2 being 
used, the analyte being measured, and on the other compo 
nents of the sensor measurement system being used. In 
general, luminescent dye materials comprise a small fraction 
of the overall detection layer 14 composition. Typically this 
ranges from betWeen 0.01 to 3% by Weight. 

[0057] The thickness of the luminescent detection layer 14 
can vary for a variety of reasons such as, for example, due 
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to the speci?c rheology of the polymer component in the 
solvent matrix and the deposition method used. Suitable 
detection layer 14 thicknesses are in the range of 0.2 to 15 
microns. Preferably, the detection layer 14 thickness is in the 
range of 0.5 to 10 microns as this serves to promote more 
rapid response rates. More preferably, the detection layer 14 
has a thickness in the range of 1 to 8 microns. Unlike 
potentiometric electrochemical sensors Which rely on poten 
tials established across thick or thin membranes, the optical 
sensor 10 relies on a bulk equilibration phenomena to 
expose all the luminescent material (both exposed and 
buried) to the sample environment. 

[0058] Suitable distributions of the luminescent material 2 
and the re?ective material 6 in the detection layer 14 include 
substantially uniform distributions, such as may be obtained 
in conventional milling processes, as Well as substantially 
non-uniform distributions as, for example, from adsorption 
of the luminescent material on the surface of the re?ective 
material or from chemical bonding of the luminescent 
material to the surface of the re?ective material. The lumi 
nescent material 2 and the re?ective material 6 are prefer 
ably both substantially uniformly distributed in the detection 
layer 14. This may be con?rmed by a combination of both 
conventional visible light microscopy and ?uorescent 
microscopy to identify regions of non-uniform brightness. 

[0059] In the interaction betWeen the optical sensor 10 and 
the sample, the permeability of the detection layer 14 to the 
analyte in the sample and the environment afforded to the 
luminescent material 2 are essential parameters to control 
for rapid and reproducible measurements. It is sometimes 
useful to add additional materials to the detection layer 14 to 
improve the permeability properties as Well as to provide 
increased mechanical integrity and stability to the detection 
layer and increased adhesion of the detection layer to the 
support, especially during contact With the sample contain 
ing the analyte and during the measurement period. HoW 
ever, this can somtimes be avoided by careful selection 
initially of the polymeric binder 4 to have the speci?c 
properties desired. Homopolymers, copolymers, terpoly 
mers and more complex polymers may be formulated from 
the groups consisting of poly(amides), poly(acrylamides), 
poly(styrenes), poly(acrylates), poly(alkylacrylates), 
poly(nitriles), poly(vinyl chlorides), poly(vinyl alcohols), 
poly(dienes), poly(esters), poly(carbonates), poly(silox 
anes), poly(urethanes), is poly(ole?ns), poly(imides), and 
hetero polymeric combinations thereof; cellulosics and 
derivatives thereof, to have the speci?c properties desired. 
Examples of such polymers and the methods for making 
them may be found in US. Pat. No. 5,387,329, Which is 
incorporated herein by reference. The detection layer 14 is 
preferably insoluble in the ?uid sample being measured. 

[0060] For example, in an embodiment for an oxygen 
sensor, the detection layer 14 comprises a hydrophobic 
binder. Although many analytes such as pH or hydrogen ions 
are in Water-based samples or mixtures and Would bene?t 
With the addition of a hydrophilic polymeric binder to the 
detection layer for rapid Wetting of the sample into the 
optical sensor, the requirements for the oxygen sensor favor 
a different type of polymeric binder 4. In this particular 
embodiment, the polymeric binder comprises a hydrophobic 
binder. Suitable hydrophobic binders include, but are not 
limited to, polymeric materials such as poly(styrenes), poly 
(esters), poly(ole?ns), poly(acrylates), poly(alkylacrylates), 
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poly(nitriles), poly(vinyl chlorides), poly(dienes), poly(car 
bonates), poly(siloxanes), poly(urethanes); and hetero poly 
meric combinations thereof. In a preferred embodiment, the 
hydrophobic polymeric binder comprises a methacrylate 
polymer or copolymer. In a particularly preferred embodi 
ment, the hydrophobic polymer binder is a copolymer of 
ethylhexylmethacrylate and methylmethacrylate. 
[0061] In order for the excitation Wavelength to effectively 
enter the detection layer 14 and for the emission signal to 
travel from the detection layer 14 and travel through the 
support 12 in order to reach the detection optics, it is 
important that there is minimal interference from the support 
12 itself. Typically, the support 12 is substantially transpar 
ent to the Wavelengths of excitation and of emission of the 
luminescent material 2. In a typical use, for example When 
the luminescent material 2 is platinum octaethyl porphyrin, 
a typical excitation Wavelength is 535 nm and a typical 
emission Wavelength for signal detection is 650 nm. The 
speci?c Wavelengths of excitation and emission for each 
optical sensor 10 in the measurement system 140 are the 
actual Wavelengths to Which the support 12 needs to be 
substantially transparent. Suitable supports 12 include, but 
are not limited to, ?exible plastic ?lms, glass plates, and 
glass and plastics in the form of optical ?bers and Wave 
guides. In a preferred embodiment, the support 12 is a 
?exible plastic ?lm Which is substantially transparent to the 
Wavelengths of excitation and of emission of the lumines 
cent material 2. Suitable plastic ?lms include, but are not 
limited to, polyester such as polyethylene terephthalate, for 
example as sold under the trademark of MYLAR® by E. I. 
DuPont de Nemours (Dupont) and as described in the 
Chiron Sensor Application. Also useable for support 12 are 
glass microscope slides, ACLAR®(a trademark for poly 
[trichloro?uoroethylene] plastic ?lms available from Allied 
Signal, Inc., MorristoWn, N.J.), and SARAN® (a trademark 
for poly[vinylidene chloride] plastic ?lms available from 
DoW Brands L.P., Midland, Mich.) materials. 

[0062] The present invention is adapted to the measure 
ment of various analytes. In one embodiment, the analyte is 
a gas, such as oxygen. In another embodiment, the analyte 
is the gas, carbon dioxide. While in yet a third embodiment, 
the analyte is an ionic material and in particular hydrogen 
ions. Other suitable ionic materials for measurement 
include, but are not limited to, hydroxyl ions, sodium ions, 
potassium ions, calcium ions, lithium ions, and either the 
acidic or basic charged forms of small metabolite molecules 
such as lactate, creatinine and urea found in aqueous sample 
environments. 

[0063] Another aspect of the present invention pertains to 
the method for preparing an optical sensor comprising: (a) 
providing a support; and (b) coating a detection layer, as 
described herein, on one side of the support. 

[0064] It is often desirable to measure different analytes 
using a single support 12 for multiple detection layers 14 of 
the optical sensor 10. In one embodiment of the methods for 
preparing an optical sensor, the optical sensor 10 comprises 
tWo or more detection layers 14 coated in a pattern on the 
support 12. Typically, this pattern is parallel stripes or 
parallel coatings With narroW Widths on a single support 12. 
In a preferred embodiment of the methods, the tWo or more 
detection layers 14 coated in a pattern on the support are 
capable of sensing the concentration of tWo or more different 
anatytes. 
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[0065] It is desirable to have only a single coating process 
to control in fabricating the optical sensor 10, especially if 
different detection layers 14 are to be coated on a single 
support 12. In one embodiment of the methods for preparing 
an optical sensor, the tWo or more detection layers 14 coated 
in a pattern on the support are outer layers of the optical 
sensor 10 adapted for contact With the analyte. In a preferred 
embodiment of the methods, the tWo or more detection 
layers 14 coated in a pattern on the support 12 as outer layers 
of the optical sensor 10 are adapted for contact With tWo or 
more different analytes. 

[0066] In order to provide a more consistent binder prop 
erty such as permeability to the detection layer 14, it may be 
desirable to remove residual stresses from the layer that may 
have developed during the fabrication processes. In one 
embodiment of the methods for preparing an optical sensor, 
the detection layer, comprising a polymeric binder, is heated 
above the glass transition temperature of the polymeric 
binder and then cooled back to ambient conditions. By the 
term “ambient conditions”, as used herein, is meant the 
temperature and humidity range typical of the of?ce or Work 
environment. This process is commonly refered to a polymer 
curing and may include other alternative steps. 

[0067] The folloWing examples illustrate the invention. It 
is understood, hoWever, that these examples are not to be 
interpreted as limiting the scope of the invention. 

EXAMPLES 

Comparative Example 1 

[0068] Approximately 1 g of a methacrylate copolymer 
(made from the monomers: ethylhexylmethacrylate and 
methylmethacrylate in the mole ratio of 1:9) and 20 mg of 
platinum octaethyl porphyrin (OEP) Were dissolved in 2 g of 
chloroform and spin coated onto glass coverslips. The 
coated sensors Were then placed in a vacuum oven, heated 
to 105° C. for 1 hour, and then gradually alloWed to cool to 
room temperature overnight. The spin coated detection layer 
thickness Was in the range of 0.5 to 1.0 microns. The 
magnitude of the sensor luminescent response to tonom 
etered liquid samples Was measured as a light signal ampli 
tude change, as described in copending US. patent appli 
cation Ser. No. 08/617,714, to common assignee and 
incorporated herein by reference. 

[0069] FIG. 3 shoWs a Stern-Volmer plot of the luminous 
intensity ratio (FO/F) versus varying levels of oxygen. When 
a clear liquid standard calibration solution is measured, the 
Stern-Volmer plot gives a linear response of the luminescent 
intensity ratio to varying levels of oxygen. HoWever, When 
opaque blood samples are measured, and the FO value 
determined With a clear liquid standard solution containing 
no oxygen is used, the response curves are increasingly 
displaced depending upon the total hemoglobin (THb) in the 
sample. 

EXAMPLE 1 

[0070] Approximately 1 g of ethylhexylmethacrylate and 
methylmethacrylate copolymer (as described in Compara 
tive Example 1), 1 g of titanium dioxide (TiO2, available 
from DuPont as Ti-Pure® dry grade R-700), 10 ml of 
tetrahydrofuran (THF), and 10 tungsten carbide beads Were 
added to a glass jar, capped and milled overnight. 6 mg of 
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OEP Was added to 3 ml of the milled mixture and stirred 
vigorously by vortex mixing. Detection layers from the 
resulting dye mixture With titanium dioxide Were applied to 
a MYLAR® polyester ?lm support using the deposition 
procedures described in the Chiron Sensor Application 
entitled “Optical Sensor and Method of Operation,” Which 
Was incorporated herein by reference earlier, to provide a dry 
thickness of about 8 microns. The sensors Were then placed 
in a vacuum oven, heated to 105° C. for 1 hour, and then 
gradually alloWed to cool to room temperature overnight. 
The results of FIG. 4 shoW that, in contrast to FIG. 3, 
tonometered blood samples give a luminescence response 
(EO/E) matching the Stern-Volmer relation derived for the 
clear liquid calibration solutions When optical sensors con 
taining TiO2 in the detection layer are used. The points 
represent the averages of three separate sample measure 
ments of either blood or the liquid standard solutions at each 
individual point. 

Comparative Example 2 

[0071] Acomparative control solution Without added TiO2 
Was made by adding 6 mg of OEP, 300 mg of the meth 
acrylate copolymer (as described in Comparative Example 
1), and 3 ml of THE to a glass scintillation vial and alloWing 
the resulting mixture to dissolve overnight. Detection layers 
Were fabricated on a MYLAR® polyester ?lm substrate as 
in Example 1 to provide a dry thickness of about 4 microns 
and Were subsequently heated to 105° C. for 1 hour and then 
cooled, as described earlier. In contrast to FIG. 4, these 
control sensors exhibited a substantial error induced by 
blood samples after calibration With simple aqueous solu 
tions. Other physical properties are described for the control 
material in FIG. 5 and Table 1. In FIG. 5, the response to 
a step change in oxygen level by the control sensors Was 
found to be 90% complete by about 0.7 seconds. 

EXAMPLE 2 

[0072] To construct detection layers With varying amounts 
of TiO2, tWo initial mixtures A and B Were made With the 
same identical dye, polymer and solvent ratios except that 
mixture B also contained 50% by Weight TiO2 of the 
combined polymer and TiO2 Weight. Mixture A (identical to 
the control in Comparative Example 2) Was made by adding 
6 mg of OEP, 300 mg of the methacrylate copolymer (as 
described in Comparative Example 1), and 3 ml of THE to 
a glass scintillation vial and alloWing the resulting mixture 
to dissolve overnight. Asecond mixture Was made by adding 
1 g of the methacrylate copolymer (as described in Com 
parative Example 1), 1 g of Ti-Pure® R-700 TiO2, 10 ml of 
THE and 10 tungsten mixing beads to a glass jar, capping it 
and milling on a roller apparatus overnight. In a second step, 
6 mg of the dye (OEP) Was added to and dissolved by 
vortexing in 3 ml of the second mixture to become mixture 
B. By mixing solutionsA and B in the ratios of 1:0, 3:1, 1:1, 
1:3 and 0:1 folloWed by deposition of the detection layers on 
a MYLAR® polyester ?lm support, sensors corresponding 
to 0%, 12.5%, 25%, 37.5% and 50% by Weight of TiO2 Were 
fabricated having thicknesses in the range of 4 to 8 microns. 
The sensors Were then placed in a vacuum oven, heated to 
105° C. for 1 hour, and then gradually alloWed to cool to 
room temperature overnight. The response to a step change 
in oxygen level by the 50% TiO2 sensor Was found to be 
90% complete by about 0.7 seconds as illustrated in FIG. 6. 
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This Was found to compare favorably With the control sensor 
having no TiO2 as shoWn earlier in FIG. 5. Thus the 
response speed of the optical sensors Was not signi?cantly 
affected by the addition of TiO2 to the detection layer. 

[0073] Several additional properties of the sensors are 
compared in Table 1. Optical density (O.D.) Was determined 
by the transmittance of light through a detection layer at the 
Wavelength indicated on a Perkin Elmer Model 559 UV/VIS 
Spectrometer (NorWalk, Conn.) . The relative signal ampli 
tude for all sensors Was determined after normaliZation for 
a constant preampli?er gain and for the standard condition 
of 21% oxygen at 25° C. The Stern-Volmer constants Were 
determined by exposure of the individual sensors to a series 
of tonometered aqueous buffer samples. 

TABLE 1 

Relative 
Stripe % TiO2 O.D.500 Hm Signal Igv x 103 

A 0 0.1 1.0 11.3 
B 12.5 1.8 2.6 11.3 
C 25 2.9 2.7 10.8 
D 37.5 ~3.0 3.1 10.4 
E 50 ~4.0 3.1 9.6 

[0074] As seen in Table 1, the oxygen sensors coated With 
TiO2 Were found to have slightly loWer KSV values than the 
control sensors Without TiO2. This effect Was only observ 
able at the higher levels of TiO2. Advantageously, this 
indicates that the TiO2 at the levels used here has only a 
small effect on the overall permeability of the sensor or 
detection layer. It Was also observed from the normaliZed 
signal amplitudes that re?ection by the TiO2 particles has a 
net positive effect in increasing the sensed signal as Well as 
maintaining the linear response and the luminescence 
quenching sensitivity, as shoWn by the KSV values. These 
advantageous results are surprising in vieW of the expecta 
tion that incorporating re?ective materials, such as titanium 
dioxide particles, internally into a luminescence detection 
layer Would both loWer the luminescence output signi? 
cantly and interfere With the uniformity and consistency of 
the luminescence quenching results, due to light blocking 
and light scattering. 

EXAMPLE 3 

[0075] A ?rst solution Was prepared by adding 300 mg of 
the methacrylate copolymer (as described in Comparative 
Example 1), 300 mg of the White or blush polymer pigment 
sold under the trademark of “PERGOPAKO M2” (available 
from MARTINSWERK GmbH, Berkheim, SWitZerland) 
and 3 ml of THE to a glass scintillation vial and milling the 
resulting mixture With the aid of tungsten carbide beads 
overnight. 2 mg of the luminescent oxygen sensing dye 
(OEP) Was added to 1 ml of the milled mixture and vortexed 
to dissolve the dye. Striped sensor layers Were formed on a 
MYLAR® polyester ?lm support as described in Example 1 
and cured by heat treatment to 105° C. for one hour. 
Measurements of the optical response Were performed as in 
Comparative Example 1. Similar to the case With TiO2 in 
Example 1, the blood values as shoWn in FIG. 7, are not 
signi?cantly distorted but rather appear to folloW the Stern 
Volmer behavior derived from liquid calibrants. Thus, a 
blush polymer, in the form of the polymer pigment “PER 
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GOPAK® M2”, Was used as an alternative re?ective mate 
rial to the TiO2 in reducing the blood scattering effects. 

EXAMPLE 4 

[0076] A ?rst solution Was prepared by adding 300 mg of 
the methacrylate copolymer (as described in Comparative 
Example 1), 150 mg of the White polymer pigment “PER 
GOPAK® M2” (available from MARTINSWERK GmbH, 
Berkheim, SWitZerland), 150 mg of Ti-Pure® R-700 TiO2 
and 3 ml of THF to a glass scintillation vial and milling the 
resulting mixture With the aid of tungsten carbide beads 
overnight. 2 mg of the luminescent oxygen sensing dye 
(OEP) Was added to 1 ml of the milled mixture and vortexed 
to dissolve the dye. Striped sensor layers Were formed on a 
MYLAR® polyester ?lm support as described in Example 1 
and cured by heat treatment to 105° C. for one hour. 
Measurements of the optical response Were performed as in 
Comparative Example 1. The Stern-Volmer response to 
tonometered liquid calibrants is plotted in FIG. 8 along With 
the response to tonometered blood samples. Similar to the 
case With titanium dioxide in Example 1, and With the 
“PERGOPAK® M2” alone in Example 3, the blood values 
in FIG. 8 are not signi?cantly distorted but rather folloW the 
Stern-Volmer behavior even When the FO value derived from 
liquid calibrants is used. A combination of the polymer 
pigment “PERGOPAK® M2” and TiO2 pigment Was thus 
used to reduce the blood scattering effects. 

Comparative Example 3 

[0077] A comparative control coating solution for a pH 
sensing layer Without added TiO2 Was made by dissolving 50 
mg of a pH sensitive copolymer composed of N,N-dimethy 
lacrylamide and N-tert-butylacrylamide monomers With a 
covalently linked 4-acrylamido?uorescein into 1 ml of THF 
in a manner described by Alder et al. in the World Patent 
Application WO 95-30148, as previously incorporated by 
reference. The sensing layer Was deposited as a stripe on a 
MYLAR® polyester ?lm support according to the methods 
outlined in the Chiron Sensor Application, entitled “Optical 
Sensor and Method of Operation”. After solvent evapora 
tion, the stripes Were virtually colorless until Wetted by basic 
aqueous buffer samples Whereupon they became faint green. 
For the data recorded in FIG. 9, both the calibration and 
blood samples Were measured on a Chiron Diagnostics 
Model 860 blood gas analyZer (available from Chiron Diag 
nostics Corporation, NorWood, Mass.) prior to the ?uores 
cence measurements With the optical sensor layer. As illus 
trated by the blood and aqueous calibration curves, there is 
a signi?cant offset in the optical signals observed. 

EXAMPLE 5 

[0078] To construct a pH detection layer With re?ective 
pigmentation, the solution in Comparative Example 3 Was 
supplemented With 25 mg of TiO2 in the form of Ti-Pure® 
R-706 dry grade (also available from Du Pont) and 25 mg of 
the White polymer pigment “PERGOPAK® M2”, placed in 
a capped glass vial With several tungsten carbide beads and 
milled overnight on a roller apparatus. Deposition steps and 
measurement methods Were the same as described in Com 
parative Example 3. The curves in FIG. 10 shoW that there 
is little difference betWeen the blood samples and the aque 
ous calibrants When a combination of re?ective pigments is 
used in the sensing layer to diminish the blood scattering 
effects. 
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Comparative Example 4 

[0079] A comparative control coating solution for a C02 
sensing layer Without added re?ecting material Was con 
structed substantially as set forth in US. Pat. No. 5,506,148. 
A 7% solution (by Weight) of ethyl cellulose Was prepared 
by dissolving 7 g in 100 ml of a 7:3 toluene:ethanol mixture. 
To this solution Was added 2 ml of tetrabutylammonium 
hydroxide and 5 mg of hydroxypyrenetrisulfonic acid 
(HPTS). The solution Was deposited as a sensing layer, as 
described in Comparative Example 3. After air drying over 
night, this produced very faintly green stripes for CO2 
sensing. The sensing layer Was sensitive to partial pressures 
of dissolved carbon dioxide and gave increased signals When 
exposed to blood samples tonometered With equivalent 
partial pressures of CO2. 

EXAMPLE 6 

[0080] A coating solution for a C02 sensing layer With 
added re?ecting material Was constructed from the basic 
solution described in Comparative Example 4. A 7% solu 
tion (by Weight) of ethyl cellulose Was prepared by dissolv 
ing 7 g in 100 ml of a 7:3 toluenezethanol mixture. To this 
?rst solution Was added 2 ml of tetrabutylammonium 
hydroxide and 5 mg of hydroxypyrenetrisulponic acid 
(HPTS). Coating solutions With re?ecting material Were 
prepared by further adding either 80 mg or 160 mg of TiO2 
as Ti-Pure® R-706 to 16 ml aliqouts of the second mixture 
and milling overnight in a capped glass vial containing 
several tungsten balls. The solution Was deposited as a 
sensing layer as described in Comparative Example 3 and, 
after air drying overnight, produced sensor layers respec 
tively With 6.6% and 12.5% by Weight TiO2. The same 
tonometered buffer samples and blood samples used in 
Comparative Example 4 Were used for obtaining ?uorescent 
signal values. The percent difference in the signal offsets 
betWeen blood and aqueous samples is plotted in FIG. 11 for 
sensors containing 0%, 6.6%, and 12.5% of the re?ecting 
material. The differences betWeen blood and aqueous liquid 
calibration samples Were signi?cantly diminished by the 
presence and increased levels of the re?ective material. 

[0081] While the invention has been described in detail 
and With reference to speci?c and general embodiments 
thereof, it Will be apparent to one skilled in the art that 
various changes and modi?cations can be made therein 
Without departing from the spirit and scope thereof. 

What is claimed is: 
1. An optical sensor comprising a support and a detection 

layer, Wherein said detection layer comprises: 

(a) a luminescent material Wherein the luminescence 
intensity of said luminescent material varies as the 
amount of an analyte varies; 

(b) a re?ective material having a highly ef?cient re?ec 
tance of the Wavelengths of excitation and of emission 
of said luminescent material; and 

(c) a polymeric binder. 
2. The optical sensor of claim 1, Wherein said detection 

layer has a thickness of from 0.2 to 15 microns. 
3. The optical sensor of claim 1, Wherein said detection 

layer has a thickness of from 0.5 to 10 microns. 
4. The optical sensor of claim 1, Wherein said detection 

layer has a thickness of from 1 to 8 microns. 






