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Optical sensor system for determining pH values and ionic strengths 

The invention relates to an optical method for detennining ~e pH value and the ionic 

strength of an electrolyte solution, to optical sensors for carrying out the method, to 
polymers and to a polymerisable composition, and to fluorescent dyes. 

It is known that the pKa value of an indicator changes with the ionic strength of a solution 

and that that change is dependent upon the level of charge on the indicator. It has therefore 

already been proposed in DE-A-3 430 935 to use in the detennination of the pH value the 

difference between the measured values of two sensors M1 and M2 having different ionic 
strength dependencies, which is a complex function of the ionic strength J, after 

calibration with known standard solutions by computation using a process control 
computer. 

The optical detennination of the ionic strength at a given pH value in accordance with the 

fluorescence method using two optical sensors is described in DE-A-3 430 935. In that 

instance the fluorescent dye of the sensors, which is the same for each sensor, is immobil­
ised via bridge groups directly on the surface of glass carriers, one sensor containing 
additional charges for achieving a high polarity and ionic strength dependency, and the 
other sensor being so modified that it is substantially non-polar, hydrophobic and 

independent of the ionic strength. A very considerable disadvantage of those sensors is 
that the fluorescent dye is directly exposed to external effects of the measuring solutions, 

and influences both of a physical nature (for example dissolution of the dye, deposits on 

the surface) and of a chemical nature (decomposition of the dye) rapidly render the sensors 
unusable. In addition, in the case of excitation in an evanescent field, interference between 

the evanescent measurement field and the fluorescence of the test sample cannot be 

completely avoided, which reduces the accuracy of measurement The response time of 

those sensors is shon, however, since the fluorescent dye bonded to the surface immed­
iately comes into contact with the electrolyte solution. The sensitivity is regarded as 

adequate. 

It is also known from WO 93/07483 to use as pH indicators carriers coated with hydro­

philic polymers containing a polymer-bonded dye, optical measurements being based on 

the absorption method. Fluorescence detection is not mentioned. 

It- has now been found that tj:le service life and usable life of sensors for determining ionic 
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strength and pH value can be considerably µicreased, that the sensitivity is· not reduced but 

is actually increased and that the response times are not reduced but are even slightly 

increased when measurements are cmied o,ut with sensors in which the fluorescent dye is 

embedded in a polymer membrane and the ~embrane layers of the two sensors used for 

. measurement have different polymer comp<>sitions. Those different compositions bring 

about, for example, differences in the hydrQphilicity, polarity and/or dielectric constant 

and therewith a different dependency on ionic strength, without it being necessary to make 

provision for high charges in at leas.t one sensor. It has been shown, surprisingly, that it is 

not necessary to u~ charged sensors but that even measurement in a virtually uncharged 

environment is possible. The embedding of. the indicator dye in the sensor membrane 

brings about ef{ective protection against damage and interference from the measuring 

medium, so that the usable life is extended also. In addition, in sensors that measure in an 

evanescent field of the substrate, the memb~e keeps the sample solution geometrically 

remote from the detection zone on the surface of the waveguide, which in contrast to the 

sensors described in D~-A-3 340 935 prev~nts interference .with the fluorescence of the 

sample solution. The photostability is surptj.singly high, which ensures a lon~er usable 

life •. The response times and the conditioniqg times correspond, despite the embedding of 

the fluorophore, to the short time periods requUed for optical measuring systems, those 

parameters being substantially dependent upon the thickness of the membrane. The 

sensitivity and the resolution in the measuring range are even somewhat improved as a 

result of the pH displacement between the qalibration curves. It has also surprisingly been 

found that the pKa values can be displaced ~to other pH ranges by the choice of polymer, 

so that a considerably larger pH measlJring range is covered in using the same fluoro­

phore. 

T.he change in the environment of the fluorophore, for example the local dielectric 

consWi~ c~be used for the purpose of adjµsting the ionic strength dependency which 

may be influenced substantially by the selection and the nature of the polymer and the 

concentration of the. fluorophore. Using the measuring method found, both the ionic 

strength and the pH value of a solution can be determined. The sensors can be used 

repeatedly, optionally after cleaning, for example in continuous detenninations. 

The invention relates to a method for the independent, reversible, optical detennination of 

the pH value and the ionic strength of an aqueous sample with the aid of two different 

sensors in accordanee with the fluorescence method, in which method two optical sensors, 

which are each composed o(polymers of different structure but each contain the same 
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fluorescent dye and which each consist of a coated material composed of 

a) a carrier material, to which there is applied 

b) at least one water-insoluble layer of a polymer comprising at least one hydrophilic 

monomer (A) from the group of substituted olefins, and 

c) a proton-sensitive fluorescent dye which is bonded directly or via a bridge group to the 

spine of polymer b) or which is incorporated in polymer b ), 

are brought into contact with an aqueous test sample, irradiated with exciting light, the 

fluorescence is measured and the pH values and the ionic strengths are calculated from the 

measUred fluorescence intensities with reference to calibration curves. 

Hydrophilic may mean a solubility in water of at least l percent by weight, preferably at 

least 10 percent by weight, more preferably at least 20 percent by weight, most preferably 

at least 40 percent by weight, and particular prefened at leasi 50 percent by weight, 

whereby the percents by weight are related to the solution. 

In detail, a procedure may be carried out in which, after calibration with samples of known 

ionic strength and known pH, the fluorescence intensity in contact with an electrolyte 

solution of unknown composition is measured and the contributions of the ionic strength 

and the pH to the measured fluorescence intensity are separated from one another by 

calculation. The measurement data obtained from the calibrations are evaluated by 

calculation, for example using a pattern reeognition algorithm. Using the calculation 

method the pH and the ionic strength can then b~ determined from the measurement data 

obtained. Both pre-calibration and direct' calibration can be carried out. 

The sensors are brought into contact with the calibration solutions or with the test samples. 

This can be done by hand (for example using pipettes) or with a suitable automatic 

throughflow system, the sensors being rigidly mounted in a flow cell Such throughflow 

cells are known to the person skilled in the art and they can be simply adapted to the 

particular intended use. 

As light sources for exciting the fluorescence it is possible to use UV lamps (for example 

mercury vapour lamps, halogen lamps}, lasers, dio4e lasers and light-emitting diodes. It 

may be advantageous to use filters to filter out light of the wavelength at which the 

fluorescent dye has an absorption maximum. The fluorescent light emitted by the sensors 

can be collected, for example using a lens system, and then guided to a detector, for 

example a secondary electron multiplier or a photodiode. The lens system can be so 
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arranged that the fluorescence radiation through the transparent carrier, over the edges of 
. . . . . ' . . . 

the carrier or through the analysis sample ~s.m~ured. Advantageously the radiation is 

guided in a manner known per se via a dic~ic miiror. The fluorescence of the sensors is 
preferably measured while in contact with .the calibration or sample solutions. . . . 

Sensors in which the fluorophore is incorpQrated in ·the polymer are generally suitable for .. , •, . .. . . -
once-only use. If the polymer membrane is provided with a permeable and hydrophilic 
protective layer it is possible both for tho~ sensors and f9I' sensors having polymer­
bonded fluorophores generally (which may likewise h~ve a pro~ctive layer on the 
membrane) to be used repeatedly or in continuous measurements. 

. . : 

The geometric shape of the carrier material. ~ay vary to a very great extent; for example, 
it may be in the fonn of fibres, cylinders, spheres, cuboids or cubes. Also possible are 
throughflow systems in which continuous measurements or successive measurements can 
be made. Planar sensors are preferred. The.carrier material is preferably transparent. It 

may be, for example, inorganic glass or trallsparent plastics, such as polycarbonate, poly­
esters, polyamides or polyacrylates or pol:Yµlethacrylates. In another preferred fonn the 
carrier material of the optical sensors is traP,sparent and preferably consists of glass or a 
transparent polymer. 

The planar sensor may have any desired e~temal shape, for example it may be square, 

rectangular or round. It may have a surfa~ area.offrom 0.01to-approximately50 cm2, 

advantageously from 0.02 to 10 cm2• The measuring region of the sensor may have an area 
of, for example~ less than 5 mm2, preferably less than or equal to 2 mm2• The measuring 
region can be identical to a fully coated surface of the sensor. Advantageously a coating 
provided on both sides but locally separated can be used. . 

· The polymers in layer b) preferably comptj.se at least 50 mol % monomer (A), based on 

the polymer. 

The hydrophilic monomer (A) is preferabl~ an .olefinic monomer which may correspond to 

formula XX 

(XX) 

wherein each R independently of the othe~ is hydrogen or a hydrophobic substituent, and 
r : 

.. 
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Zx is· a hydrophilic radical. 

The hydrophobic substituents may be, for example, C1-C12~l. C1-C12alkoxy, C1-C12-
haloalkyl, phenyl, halophenyl, C1-C4alkylphenyl, C1-C4alkoxyphenyl, carboxylic acid 
ester groups having a total of from 2 to 20 carbon atoms, -CN, For Cl. 

The hydrophilic radicals may be, for example, -OH, -0-(C2-C12alkylene)-OH, -C(0)-NH2, 
-C(O)-NH-(Ci-C12alkylene)-OH, -C(0)-N-(Ci-C12alkylene}i-OH, -C(O)-NH-C1-C12-
alkyl, -C(O)-N-(CrC12alkYlh, pyrrolidonyl or -'C(0)-'0-(Ci-C12alkylene)-OH. 

The. thickness of polymer layer b) may be, for example, from 0.01 to 50 µm, prefera~ly 
from 0.1 to 25 µ.m and especially from 0.1 to 10 µ.m. 

Being composed of different polymers means that the different dependencies of the 
sensors on the ionic strength is determined by the polymer composition and the properties 
of the membrane. Structural differences can be achieved, for example, by a different 
content of fluorophores, the incmporation or immobilisation thereof in or on the polymer, 
different amounts of monomers, different monomers involved in the polymer structure 
and/or different cross-linking agents and/or different pqlymers in admixture with polymer­
isable monomers. One of the sensors must always exhibit an ionic strength dependency, 
while the other sensor has no ionic strength dependency or a different ionic strength 
dependency. 

The sensors are therefore coated with different polymer membranes so that they· have 
different dependencies on the ionic strength. For the method according to the invention it 
is best to select polymers in which there is a large difference in the ionic strength depend­
ency. Advantageously the difference in ionic strength dependency is at least 0.1, prefer­
ably at least 0.15 and especially at least 0.2, measured as the pK8 displacement between 
the calibration curves in buffer solutions of O. lM and 0.3M ionic strength. An advanta­
geous practical range of ionic strength difference is from 0.1 to 0.15. 

Combinations of polymers based on polyvinylpyrrolidone with polymers based on poly­
hydroxyethylmethacrylic acid or based on polyacrylamides have proved advantageous, for 
example, in measurements in the physiological range (for example the determination of 
the pH value of blood or serum). 
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The sensor may have one or more locally separated membrane layers; in the latter case, 
parallel measurements with the same or different test samples can be cmied out. 

The polymers of layer b) may be cross-link~for example ~th from O.Ol to SO mol %, 
preferably from 0.1 to 2() mol % and especially from O.S to 10 mol %, of a cross-linkirig 
agent, based on the polymer. Suitable crossLlinking· agents are, for example, acrylic or 
methacrylic acid esters or amides of p0lyols, preferably diols to tetrols, or polyamines, 
preferably diamines to tetramines. Such cross-linking agents are known and many are 
described in the literature. Some e,Xamples of p0lyols are ethylene glycol, 1,3-propanediol, 
1,4-butanediol, 1,6-hexanediol, diethylene glycol, 1,1,1-trihydroxymethyl"'.ethane or 
-prQpane, pentaerythritol and dipen~tol. Some examples of polyamines are 
ethylenediamine, 1,3-propanedianiine, 1,4-~utanediamine, 1,6-hexanediamine, diethylene­
triamine and triethylenetetramine. Another lcnown cross-linking agent is, for example, 
divinylbenzene. Other.suitable crosslinkingjagents are alkylene-bis-dialkylmaleinimidyle 
compounds like ethylene bis-(dililethyl)mal~inimidyle. 

Polymers b) may be compos~ p~y or coQ:tpletely of at least one hydrophilic monomer 
(A) and, optionally, hydrophobic 1J.1onomer.: The polymers b) preferably comprise at least 
20 mol %, more preferably at least 30 mol ~.especially at least 40 mol %, more espe­
cially at least 50 mol %, preferably at least· 80 mol % of monomer (A), and accordingl_y at 
most 80 mol %, more preferably at most 70 :mol %, especially at most 60 mol %, more 
especially at most 50 mol %, and preferably at most 20 mol %, of a hydrophobic 
comonomer (B), based on the p0lymer. 

Polymer b) may comprise, for example, t'nml 20 to 100 mol %, preferably from iO to 
80 mol %, of at least one structural unit of fonnula m 

(Ill) 

and from 80 to O mol %, preferably from SO.to 20 mol %, of at least one structural unit of 
fonnulaIV 

.. 

.. 

( 
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Ra is hydrogen, Cr~alkyl or -COORg and 

PCT/IB95/00302 

(IV) 

Rg is hydrogen, C1-C6alkyl, Cr~hydroxyalkyl or an alkali metal cation, for example 

NaED orKED, 

Rb is pyrrolidonyl, -OH, C2-C~ydroxyalkoxy, -CONR7R8 or -COO~, 

R7 and Rs are each independently of the other hydrogen, C1-C6alkyl or ~-Y;hydroxyalkyl 

and 

R9 is hydrogen or C1-C6hydroxyalkyl, 

Re is hydrogen or C1-C6alkyl, 

Rd is hydrogen, Cr~alkyl, For Cl, 

Re is hydrogen or C1-C6alkyl, or 

Re and Rr together are -C0-0-CO-, and 

Rr is hydrogen, C1-~alkyl, -CN, For a. 

In a preferred fonn, the layer is composed of polymers having 100 mol % of structural 

units of fonnula m, with especially Ra being hydrogen, Re being hydrogen or methyl and 

Rb being pyrrolidonyl, -CONR7R8 or -COO~, R7 and R8 each independently of the other 

being hydrogen, C1 ~alkyl or ~-C6hydroxyalkyl and ~ being hydrogen or Ci-C6-

hydroxyalkyl. 

In a preferred sub-group, the polymer layer is fonned by polymers comprising from 20 to 

80 mol % of at least one structural unit of formula IIla 

(illa) 

and from 80 to 20 mol % of at least one structural unit of formula Ilib 
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- y ~ 
b----c-
1 I 

(Illb), 

H R_; 

wherein 

R1 and ~ are each independently of the oth~r hydrogen or methyl, preferably hydrogen; 
Rh is di(CrC6alkyl)amino, preferably di(C1-C4alkyl)amino, and especially dimethylamino 
or diethylamino; and 

Rj is amino, preferably mon~(C1-~alkyl)amino and especially inono(C1-C6alkyl)amino, 
for example tert-butylamino. Such polymer _membranes (with the exception of those · 
wherein Rj = amino) are suitable especially for pH measurements in the physiological 
range around about 7 .4. Despite being very hydrophobic they still have adequate response 
times, but they are not water-soluble and therefore do not need to be cross-linked, and they 
can be prepared from solutions of the corresponding monomers, for example by means of 
spin casting. 

The water-insoluble layer having hydrophilic monomers (A) may be, for example~ espe­
cially a layer obtainable by the following p~ess: polymerisation in solution of at least 
one hydrophilic monomer (A) from the grotj.p of substituted olefins in the presence of a 
carrier polymer comprising at least one hydJ:<>Philic monomer (A) from the group of sub­
stituted olefins that is identical to or differe~t from the fonner. Those polymers are prefer­
ably cross-linked, for example with diolefinfC cross-linking agents. The amount of cross­
linking agent may be from 0.1 to 30 % by weight, preferably from 0.5 to 20 % by weight 
and especially from 1 to 10 % by weight, b~ed on monomer (A) and the carrier polymer. 
Polymerisates so prepared form polymer ne,works in which the carrier polymer is 
embedded. Such polymer membranes are distinguished by good mechanical properties and 
high durability, which ensure a long usable life. A special advantage is their ease of manu­
facture and the control of the layer thickness by means of spin casting processes, since the 
viscosity of the casting soluti9ns can be set in a targeted manner by way of the content and 
the choice of carrier polymer. The carrier polymer is preferably hydrophilic. A further 
advantage is the polymerisation and/or cross-linking directly on the carrier by the action of 
heat and/or actinic radiation. 

Suitable carrier polymers are, for example, those having an average molecular weight of 
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from 10 000 to 500000 daltons, preferably from 20 000 to 350 000 daltons, detennined by 

the gel penneation method using standard polymers of known molecular weight. 

Suitable mixture ratios between monomer (A) and carrier polymer are, for example, from 

5 to 95 % by weight, preferably from 30 to 70 % by weight, of carrier polymer, and from 

95 to 5 % by weight, preferably from 70 to 30 % by weight, of monomer A, based on the 

total mixture of monomer and carrier polymer. 

The hydrophilic earner polymers may be selected, for example, from the group of homo­

and co-polymers of vinylpyrrolidone; of hydroxyalkyl acrylates and methacrylates; of 

vinyl alcohol; of vinylhydroxyalkyl ethers; of acrylamides and methacrylamides; or of 

hydroxyalkyl acrylamides and methacrylamides. Such polymers are known and are to 

some extent commercially available or can be prepared in accordance with analogous 

processes. The hydroxyalkyl groups may contain from 2 to 12, preferably from 2 to 6, 

carbon atoms. The de.sired degree of hydrophilicity can be adjusted using hydrophobic 

olefinic comonomers. The N atoms of acrylamides and methacrylamides can be mono- or 

di-substituted by C1-C6alkyl. In an advantageous form the carrier polymeris composed of 
monomer (A), and monomer (A) is simultaneously used together with that carrier polymer 

for the preparation of the membrane. 

Some examples of hydrophilic cmier polymers are polyvinylpyrrolidone. poly(CrC6-

hydroxyalkyl) acrylates and methacrylates, for example polyhydroxyethyl methacrylate, 

polyhydroxypropyl methacrylate, polyhydroxybutyl methacrylate, polyhydroxyhexyl 

methacrylate, polyhydroxyethyl acrylate, polyhydroxypropyl acrylate, polyhydroxybutyl 
acrylate or polyhydroxyhexyl acrylate, polyacrylamide or polymethacrylamide, mono­

(C1-~alkyl)polyacrylamide or molio(C1-C6alkyl)polymethacrylamide, di(C1-C6alkyl)­

polyacrylamide or di(C1-C¢kyl)polymethacrylamide. 

In an especially preferred fonn the polymer layer comprises at least one monomer (A) 

from the group: vinylpyrrolidone, 2-hydroxyethyl methactylate, 3-hydroxypropyl meth­

acrylate, 4-hydroxybutyl acrylate, 5-hydroxypentyl acrylate, 6-hydroxyhexyl acrylate, 

acrylamide, N,N-dimethylacrylamide and tert-butylacrylamide, or a polymer obtainable by 

polymerisation in solution of a monomer (A) from the group: vinylpyrrolidone, 

2-hydroxyethyl methacrylate, 3-hydroxypropyl methacrylate. 4-hydroxybutyl acrylate, 

5-hydroxypentyl acrylate, 6-hydroxyhexyl acrylate and acrylamide, in the presence of a 

carrier polymer of a monomer (A) from the group consisting of vinylpyrrolidone, 



W095/30148 PCT/IB!>S/00302 

-10-

2-hydroxyethyl methacrylate, 3-hydroxypropyl methacrylate, 4-hydroxybutyl acrylate and 

acrylamide. 

The fluorescent dye may be present, for example, in an amoun~ of from 0.01 to 10 % by 

weight, preferably from 0.1 to S % by wei~t and especially from 0.5 to 3 % by weight, 

based on the polymer. The fluorescent dye is preferably covalently bonded to the polymer 

spine via a bridge group. 

Suitable proton-sensitive fluorescent dyes are, for example, those ~f the group of 

xanthenes and benzoxanthenes (for example fluorescein, halogenated fluoresceins, semi-,. 

naphthofluoresceins, seminaphthorhodafluores, 2,3-benzfluorescein, 3,4-benzfluorescein, . . . ' . . 

the isomers of benzrhodamine and substituted derivatives, the isomers of benzchtomogene 
. ' 

and substituted derivatives); acridines (for. example acridine, 9.,amino..6-chloroacridine); 

acridones (for example 7-hydroxyacridone, 7-:hydroxybenzacridone); pyrenes (for example 

8-hydroxypyrene-1,3,6-trisulfonic acid); cyanine dyestuffs; and coumarins (for example 

7-hydroxycoumarin, 4-chloromethyl-7-hydroxycoumarin). The fluorescent dyes can be 

functionalised for bonding to a polymer backbone. 

Suitable bridge groups for bonding the fluorescent dye to the polymer spine are, for 

example, -0-C(O)-. -C(0)-0-Ci-C12alkylene-0-C(0)-, -NH-C(O}·O- and -NH-C(O)-O­

C2-C12alkylene-O-C(O)-, -C(O)-O-(C2-C6alkylene-O)i bis 12-. -C(0)-0-(Cz-C6alky­

lene-O)i bis 12·Ci-C6alkylene-NH-, -C(O)~NH-(Ci-4alkylene-0)1bis1rCi-C6al­

kylene-NH-, -C(O)-NH-((Cz-4alkylene-O)i bis 12-CHz-C(O)-:NH-. The alkylene in the 

repeating alkylene-0- residues may be for example ethylene or 1,2-propylene. 

The bridge group of the fluorescent dye is, preferably a group .. 

-(C0)1-NH-(Cz-C12alkylene-O)r"'~CO- or -(C0)1-0-(Ci-C12alkylene-O)r:CO- or 

-C(0)-NH-(CH2CH2-0)i bis 6-CH2C(O)-NH-, with the (C0)1 group or the NH group being 

bonded to the fluorescent dye and r and s each being 0 or 1. The alkylene preferably 

contains from 2 to 6 carbon atoms and is especially ethylene. 

The fluorescent dye bonded to the spine of the polymer may be, for example, a dye of 

formula I, Il orlla 
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(I), 

HO 0 

(II), 
COOH 

HO 

0 

(Ila), 
COOH 

wherein R1 and R2 are each independently of the other hydrogen, Ci-C4alkyl, 

Ci-C4alkoxy, Ci-C4alkoxycarbonyl, Ci-C4alkyl-SC>i- or halogen, and either R3 is 
hydrogen and R4 is -NH-CO-, -CO-NH-(~-C12alkylene-0)-CO-, 
-CO-NH-(Ci-C12alkylene-NH)-CO- or -C(0)-NH-(CH2CH2-0)i bis 6-CH2C(O)-NH-, or 

R3 is -NH-CO-, -CO-NH-(C2-C12alkylene-O)-CO-, -CO-NH-(Ci-C12alkylene-NH)-CO­
or -C(O)-NH-(CH2CHr0)1 bis 6-CH2C(O)-NH- and R4 is hydrogen; or 

wherein either R5 is hydrogen and R6 is -NH-C(O)-, -CO-NH-(Ci-C12alkylene-O)-CO-, 

-CO-NH-(CrC12alkylene-NH)-CO- or -C(O)-NH-(CH2CHr0h bis 6-CH2C(O)-NH-, or 

Rs is -NH-C(O)-, -CO-NH-(Ci-C12alkylene-0)-CO-, -CO-NH-(Cz-C12alkylene-NH)-CO-
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or -C(O)-NH-(CH2CH2-0)1 ms 6-CH2C(O)-NH-, and ~ is hydrogen, 

in each case in free fonn or in salt form, and the Ci-<;oalkyl esters thereof. 

The compounds of fonnulae I, II and espe¢ially Ila are distlliguished by an excitation 

absorption in the visible range, by longer-Wavelength fluorescence and by excellent photo­

stability, so that commercially available radiation sources can be used for the fluorescence 

excitation, which meets the excitation wave-lengths. 

It has· also been found, suqnisingly, that the pK. value of the fluorophore can be system­

atically varied and matched to the desired ·pH measuring range if the hydrophilicity of 

polymers composed only of acrylamides or methacrylamides and N-substituted acryJ­

amides or methacrylamides or only of at l~t two different N;.substituted acrylamides or 
. I 

methacrylamides is set by their composition and the fluorophore is covalently bonded to 

the polymer. It has also been found that ~e viscosity of coating compositions comprising· 

such polymers can be so adjusted that technically advantageous and economic coating 

.methods, such as, for example, spin casting, can be us~ 

The invention therefore relates also to a copolymer comprising at least one recurring 

structural unit of fonnula VII 

H Rk 

-b-b-
1 I 

(VII), 

H C(O)-NHRai 

optionally at least one recurring structural unit of fonnula VIII 

(VIIl), 

and recurring structural units of fonnula IX 

.. 

.. 
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H Rt 

-b---b-
1 I 

(IX), 

H C(O)-NH-F 

wherein 

Rk is hydrogen or methyl, 

Rm is hydrogen or C1-C12alkyl, phenyl or benzyl, 

Rn and R0 are each independently of the other C1-C12alkyl, phenyl or benzyl or Rn and Ro 
together are tetramethylene, pentamethylene, -(CHi}2-0-(CH2}i- or 

-(c::Fi2)i-N(C1-C6allcyl)-(CHi)2-. and 

F is the radical of a fluorophore bonded directly or via a bridge group to the N atom, 

with the proviso that at least two different recurring structural units of fonnula VIl or at 

least one structural unit of fonnula VII and at least one structural unit of formula VIII are 
present. 

Rm• Rn and Ro as alkyl contain preferably from 1 to 6 carbon atoms. Preferred copolymers 

are those having structural units of fonnula vn and structural units of formula vm, with 

Rm being preferably Ci-C1:zalkyl, more preferably C1-C~l. 

The structmal units of formula Vll may be present in an amount of from 10 to 80 mol %, 

preferably from 20 to 70 mol %, and the structural units of formula VIlI in an amount of 

from 90 to 20 mol %, preferably from 80 to 30 mol %, based on the polymer. The polymer 
can additionally be cross-linked, especially when possible water.;.solubility or too high a 

water-solubility is to be prevented. Suitable cross-linking agents have been mentioned 

above. The bivalent structural units of the cross-linking agent may be present, for 

example, in an amount of from 0.1 to 30 % by weight, preferably from 0.5 to 20 % by 

weight and especially from 1 to 10 % by weight, based on the polymer. 

The fluorophore radical F can be derived from the fluorophores mentioned above and is 

especially a fluorophore of fonnula I, Il or Ila. The structural unit of formula IX may be 

present in an amount of from 0.1to10 mol %, preferably from 0.5 to 5 mol %, based on 

the polymer. 

In an especially preferred fonn the polymer comprises structural units of formula VII and 
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structural units of fonnula vm, Rt is hydrogen, Rm is ~-C¢kyl, Rn and Ro are Cr or 

Ci-alkyl and Fis a radical of formula I, II or Ila. 

The invention relates also to a polymerisable composition coniprising 

a) an acrylamide or methacrylamide of formula X 

H Rt 

L! 
I I 
H C(O)-NliRzn 

b) optionally an acrylamide or methac:rylamide of fonnula XI 

H Rt 

L I c 
I I 
H. C(O)~ NRnR0 

c) an ac:rylamide ormethac:rylamide of formula XII 

H R1t 

Lb 
I I 
H C(O)-NH-F 

and d) optionally an at least diolefinic cross-linking agent, 

(X), 

(XI), 

(XII), 

wherein Rt, Rm. Rn and Ro and also F are as defmed above, with the proviso that at least 

two different monomers of formula X or at least one structural unit of formula XI and at 

least one structural unit of fonnula X are present. 

The composition is subject to the same preferences and has the same forms as given above 

for the coITesponding polymers. The compositions may comprise further additives, for 

example solvents, thennal polymerisation initiators, such as, for example, radical fonners, 

photoinitiators for the photopolymerisation, processing auxiliaries and stabilisers, such as, 

for example, anti-oxidants and/or light-protecting agents. 
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The invention relates also to a sensor comprising a material coated with a water-insoluble 
and hydrophilic polymer, the polymer containing an indica~ dye, wherein 

a) there is applied to a carrier material 

b) a water-insoluble layer of a polymer comprising at least one hydrophilic monomer (A) 

from the group of substituted olefins, and 

c) a proton-sensitive fluorescent dye is covalently bonded directly or via a bridge group to 

the spine of the polymer b) or is incorporated in polymer b ). 

"Incorporated" means the presence of a prefembly homogeneous mixture. 

The fonns and preferences indicated above apply to the sensors. In an advantageous form 

an adhesion-promoting layer is arranged between the carrier material and the polymer 

layer. The polymer layer can be provided with a proton-permeable protec~ve layer. 

The sensors are suitable also for pH measurement at physiological temperatures and they 

are especially suitable for measurements in the physiological pH.range of approximately 

from 6 to 8 and especially from 6.4 to 7.6. The response times may be under 30 seconds 

and a first measurement is possible after less than about 5 minutes. The sensors are also 

distinguished by a high degree of storage stability. 

The sensors can be prepared in accordance with coating techniques known per se. In order 

to improve adhesion the carrier materials can be treated beforehand with adhesion 

promoters. For the same pmpose, it is also possible to carry out plasma treatment of the 

carrier material in order to genemte functional groups on the surface. The surface can also 

be provided with copolymerisable groups in order to achieve an especially high degree of 

adhesion. Known adhesion promoters for glass are, for example, triethoxy-glycidyloxy­

silane, 3-azidopropyl-ttiethoxysilane or 3-aminopropyl-triethoxysilane. The surfaces so 

treated can be further modified, for example with O-(N-succinimidyl)-6-(4'-azido-2'­

nitrophenylamino)-hexanoate. It has proved especially advantageous to treat the surfaces 

with silanes of ethylenically unsaturated carboxylic acid esters, such as, for example, 

methacrylic acid 3-trimethoxysilylpropyl ester, because in the polymerisation the layer 

can be anchored covalently to the surface. Known coating techniques are, for example, 
·spreading, immersion, knife application, spraying, casting, cunain casting or spin casting. 

For coating it is possible to use either solutions ofpolymerisates according to the invent-



W095/J0148 PCT/IB95/00302 

- 16-

ion, or hydrophilic monomers (A) optionally mixed with a hydrophilic carrier polymer 

and/or a cross-linking agent, that contain a ~opolymerisable fluorescent dye, in the second 

case the polymerisation being cmied out ~ter coating. The polymerisation can be 

initiated thermally, for example with initia~rs such as a,a'-azobisisobutyronitrile or 

ammonium peroxodisulfate, or by the actiop of radiation~ such as, fc)r example, UV light 

with the concomitant use of photoinitiators. Bild optionally sensitisers. Examples of photo­

initiators are ~enzophenones, xanthones, th~oxanthones and a-sec-amino-acetophenones. 

Copolymerisable fluorescent dyes contain, for example, an ethylenically unsaturated 

group (vinyl, crotonyl, methallyl) that is bqnded directly or via a bridge group to the 

fluorescent dye. The monomers (A) and the carrier polymers are known. A known 

·copolymerisable fluorescent dye is, for exaµiple, 3- or 4-acryloylaminofluorescein. 

Polymers containing fluorescent dyes having the bridge groups -0-C(O)- and 

-C(0)-0-Ci-C12alkylene-O-C(O)- are obtainable, for example, by esterification with 

fluorescent dyes tha~ contain carboxy or hydroxy groups. Polymers containing fluorescent 

dyes having the bridge groups -NH-C(O)-Q- and ~NH-C(O)-O-Ci-C12alkylene-0-C(0)­

are obtainable, for example, via isocyanate-functionalised fluorescent dyes and hydroxy­

group-containing polymers. 

The reactions described above can be carried out in a manner known per se, for example 

in the absence or presence of a suitable solvent, the reactions being carried out, as 

necessary, with cooling, at room temperature or with heating, for example ~n a tempera­

ture range of from approximately 5°C to approximately 200°C, preferably approximately 

from 20°C to 120°C, and, if necessary, in a closed vessel, under pressure, in an inert gas 

. atmosphere and/or under anhydrous conditions. 

The starting materials mentioned hereinabove and hereinbelow that are used for the prep­

aration of the polymers are known or can be prepared in accordance with methods known 

perse. 

The reactants can be reacted with one anoqier as such, that is to say without the addition 

of a solvent or diluent, for example in the molten state. It is generally advantageous, 

however, to add a solvent or diluent or a m~xture of solvents. Examples of such solvents 

and diluents that may be mentioned are: water; esters, such as ethyl acetate; ethers, such as 

diethyl ether, dipropyl ethei;, diisopropyl ether, dibutyl ether, tert-butyl methyl ether, 
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ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol 
dimethyl ether, dimethoxydiethyl ether, tetrahydrofunul or dioxane; ketones, such as 
acetone, methyl ethyl ketone or methyl isobutyl ketone; alcohols, such as methanol, 
ethano4 propanol, isopropanol, butanol, ethylene glycol or glycerol; amides, such as 
N,N-dimethylfonnamide, N,N-diethylfonnamide, N,N-dimethylacetamide, N-methyl­
pyrrolidone or hexamethylphosphoric acid triamide; nitriles, such as acetonitrile or propio-

. nitrile; and sulfoxides, such as dimethyl sulfoxide. . 

By the choice of the monomers and polymers to be used according to the invention it is 
possible in a targeted manner to vary the properties of the sensor membranes, such as, for 
example, hydrophilicity, degree of swelling or polarity, within a wide range. As a resµlt, it 
is possible to prepare using the same indicator dye sensor membranes that can be 
optimised for various pH ranges and that react differently to the ionic strength of the 
solution (see also Tables 4 and 5). In addition,. the method of preparing the sensor 
membrane allows industrially applicable processes (for example rotation coating) to be 
used for the coating of planar carrier materials of glass or plastics for the economic mass 
production of planar sensors. 

The invention relates also to compounds of formulae la, Ile and IId · 

(Ia), 



W095/30148 PCT/IB95/00302 

- 18 -

HO 0 

(Ile), 
COOH 

·HO 

0 

(lid), 

wherein 
I 

R1 and R2 are each independently of the other hydrogen, C1-C4alkyl, CrC4alkoxy, 
C1-C4alkoxycarbonyl, C1-C4alkyl-SC>i- or halogen, and 

either R3 or Rs is hydrogen and Ri or R6 is !l group 

-(C0)5-0-(Ci-C12alkylene-OkCO-CRrCH2, 

-(CQ)5-NH-(C2-C12alkylene-NH)rCO·CRk=CH2, 
-NH-C(O)·(Ci-C12alkylene-NH)1-CO-CRia=Cff2, 
-(CO)s-0-(C2-C12alkylene-O)rCO-CRk=CH2, 

-(C0)5 0-(C2-C12alkylene-O)rCi-C6-alkylene-NH-C0.;CRr=Cff2. 

-NH-(Ci-C12alkylene-O)rCi-C6-alkylene-NH-CO-CRr=CH2. or 

-NH-C(O)-CH2-0-(Ci-C12alkylene-O)r~-~-alkylene-NH-CO-CR.tc=CH2, ot 

R3 or Rs is a group -(CQ)5-NH-(Ci-C12alkylene-O)rCO·CR.tc=CH2, 
-(C0)5-NH-(C2-C12alkylene-NH)rCO-CRk;-cH2, 

-NH~C(O)-(Ci-C12alkylene-NH)r·CO-CRk=CH2. or 

-(C0)5-0-(Ci-C12alkylene-O)rCO-CRic=Cfl2, 

-(CQ)5-0-(Ci-C12alkylene-OJr-Ci-C6-alkylene-NH-CO-CR.tc=CH2. 

-NH-(Ci-C12alk:ylene-O)r·Ci-C6·alkylene-NH-CO-CRrCH2, or 

-NH-C(O)-CHrO-(Ci-C12alkylene-O)rCi·C6-alkylene-NH-CO-CR.tc=CH2. and R4 and 

.. 
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· R6 are hydrogen, 

r and s are each 0 or 1, and Rk is methyl or hydrogen; 

with the proviso that R1 and R2 are other than hydrogen whei;i R3 or R4 is acryloylamino; 

in each case in free fonn or in salt fonn, and the C1-CioaJkyl esters thereof. 

The ·alkylene in the alkylene-0- residue preferably contains from 2 to 6 carbon atoms, is 

preferably linear and is especially ethylene. In the case of R3 and ~. in the group 

-(C0)1-NH-(C2-C12alkylene-O)r-CO-CRh=CH2 preferably s and preferably also r is 0. In 
the case of Rs and~. in the group -(C0)5-NH-(CrC12alkylene-O)r-CO-CRh=CH2 prefer­
ably s ·and preferably also r is 1. 

Unless defined to the contrary, the general terms used hereinbefore and hereinbel9w have 
the following preferred meanings: 

·Halogen is fluorine, chlorine, bromine or iodine, especially fluorine, chlorine or bromine, 
more especially chlorine or bromine. 

Unless defined to the contrary, carbon-containing groups or structural units each contain 
from 1 up to and including 4, preferably 1 or 2, carbon atoms. 

Alkyl - as a group per se and as a structural unit of other groups, such as alkoxy and 

alkoxycarbonyl - is, giving due consideration to the number of carbon atoms present in the 
group or compound in question, either straight-chain, that is to say methyl, ethyl, propyl or 

butyl, or branched, for example isopropyl, isobutyl, sec-butyl or ten-butyl. 

Examples of R3 or Ri and R5 or~ are the acryloylamine group ~NHCOCH=CH2, the 
methacryloylamine group -NHCOC(CH3)=CH2 and the 2-(methacryloyloxy)-ethylamino­

carbonyl group -CONHCH2CH20COC(CH3)=CH2. 

Preferred fonns within the scope of the invention, taking into consideration the proviso 

mentioned above, are: 

(1) A compound of fonnula Ia wherein R1 is hydrogen, C1-Cialkyl, Ci-Cialkoxy, 
Ci-Cialkoxycarbonyl or halogen, preferably hydrogen or C1 -Cialkyl, especial! y hydrogen 

or methyl. 
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(2) A compound of fonnula Ia wherein R2 is hydrogen, C1-Cialkyl, C1-Cialkoxy, 

CrCialkoxycarbonyl or halogen, preferably .hydrogen or C1-CiaUcYl, especially hydrogen 

or methyl, more especially hydrogen. 

(3) A compound of fonnula Ia wherein either R3 is hydrogen and~ is acryloylamino or 

methacryloylamino, especially acryloylaajno, or R3 is acryloylamino or methacryloyl­

amino, e~y acry~oylamino, ~d ~is.hydrogen. 
. ' 

Speeial piyference within~ scope of the invention is given to 4-acryloylamino-4',5'-di-

methylfluorescein and 5-acryloylamino-4',S'-dimethylfluorescein as compounds of 

fonnula I. Very special preference within the scope of the invention is given to 4-acryloyl­

aminofluorescein. 

The compounds according to the invention can be prepared m accordance with processes 

known per se or analogous processes, for example by reacting a compounds of formula V, 

VlorVIa 

(V), 

Ra 

0 

(VI), 
COOH 
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HO 

(Via), 
COOH 

which are known or can be prepared analogously to known compounds, and wherein R1 

and R2 are as defined for fonnulae Ia, II and Ila _and R7 is hydrogen and R8 is -NH2 or 

-(C0)5-NH-~-C12alkylene-OH or -(CO)s-O-~-C12alkylene-OH or R7 is NH2 or 
-(C0)5-NH-~-C12alkylene-OH or -(C0),-0-~-C12alkylene-OH and R8 is hydrogen, in 

free form or in salt fonn, optionally in the presence of a base, with an acrylic or meth­
acrylic acid derivative of the fonnula CH2=C(R.JCOX wherein Rh is hydrogen or methyl 
and ?'- is a leaving group, for example halogen, especially chlorine. 

Another possibility to manufacture compounds of fonnulae Ia, Ile and lid is the reaction 

of CH2=C(Rh)CO-W 1-C(O)X with compounds of the fonnulae V, VI or Vla, wherein 

either R7 and Rs or R8 and Rs are -OH or -NH2, whereby W 1 means one of the linking 
groups defined for R3 to R6 in formulae la, Ile and Ild. 

The reaction can be carried out in a manner known per se, for example in the presence of a 

suitable solvent or diluent or a mixture thereof, the reaction being carried out, as 
necessary, with cooling, at room temperatUre or with heating, for example in a tempera­
ture range of from approximately -10°C to the boiling temperature of the reaction 

medium, preferably from approximately 0°C to approximately 25°C, and, if necessary, in 
a closed vessel, under pressure, in an inen gas atmosphere and/or under anhydrous 

conditions. Especially advantageous reaction conditions can be found in the Examples. 

The starting materials used for the preparation of the compounds, in each case in free fonn 

or in salt fonn, are known or can be prepared in accordance with methods known per se. 

The reactants can be reacted with one another as such, that is to say without the addition 
of a solvent or diluent, for example in the molten state. It is generally advantageous, 

however, to add an inen so~vent or diluent or a mixture of at least two solvents. Examples 
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of such solvents and diluents that may be mentioned are: aromatic;, aliphatic and alicyclic 

hydrocarbons and halogenated hydrocarbons, such as benzene, toluene, xylene, mesityl­

ene, Tetralin, chlorobenzene, dichlorobenf'.ene, bromobenzene, petroleum ether, hexane, 

cyclohexane, dichloromethane, trichloromethane, tetrachloromethane, · dichloroethane, tri­

chloroethene or tetrachloroethene; ethers,:such as diethyl ether, dipropyl ether, diisopropyl 

ether, di.butyl ether, ten-butyl methyl ether, ethylene glycol monomethyl ether, ethylene 

glycol monoethyl ether, ethylene glycol dimethyl ether, dimethoxydiethyl ether, tetra­

hydrofuran or dioxane; ketones, such as acetone, methyl ethyl ketone or methyl isobutyl 

ketone; amides, such as N,N-dimethylformamide, N,N-diethylfonnamide, N,N-dimethyl­

acetamide, N-methylpyrrolidone or hexatjiethylphosphoric acid triamide; nitriles, such as 

acetonitrile or propionitrile; and sulfoxi~s. such as dimethyl sulfoxide. If the reaction is 

carried out in the presence of a base, it is 8.lso possible for bases, such as triethylamine, 

pyridine, N-methylmorpholine or N,N-diethylaniline;used in excess to act as solvent or 

diluent. 

The reaction is advantageously carried out in a temperature range of from approximately 

-10°C to approximately +40°C, preferably from 0°C to approximately +20°C. 

In a preferred fonn; a compound of formula Vis reacted at from -10 to +40°, preferably 

0°, in a ketone, preferably acetone, with acryloyl chloride. 

The invention relates also to the use of two sensors according to the invention having 

different polymer compositions· in layer b) in the optical determination of the ionic 

strength and the pH value of an electrolyte solution by means of fluorescence detection. 

The following Examples serve to illustrate the invention. Temperatures are given in 

degrees Celsius. 

A) Preparation of oolvmerisable fluorescent dyes 

Example Al: 4-Acryloylaminofluorescein 

1.26 ml of freshly distilled acryloyl chloride that have been dissolved in 1.5 ml of acetone 

are added dropwise at 0°, with stirring, to a solution of 5 g of 4-aminofluorescein in 

· 150 ml of acetone. After one hour the ctj'stalline product that has fonned is filtered off 

with suction and washed twice each with.acetone and ether. The product is then dried 

overnight under a high v~uum at room temperature. The dye decomposes from 200°. 
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lH-NMR (DMSO-cf6): 10.9 (s,lH); 8.47 (~lH); 7.96 (dx~lH); 7.25 (d,lH); 6.25 - 6.75 

(m,6H); 6.35 (dxd,lH); 5.85 (dx~lH); IR (KBr): 2100- 3650s (broad), 1705m; 1690m, 

167Sm, 1630s, 1600s cm-1; MS: M+=402; absorption sp~ (EtOH): "-max= 442 nm, 

e = 9 970; (EtOH + 2 % O.lN NaOH): A.nu= 500 nm, E = 89 100. 

DMS~ = deuterated dimethyl sulfoxide; EtOH =ethanol. 

Example A2: 5-Acryloylaminofluorescein 

180 mg of freshly distilled acryloyl chloride that has been dissolved in 2 ml of acetone are 

added dropwise at 0°, with stirring, to a solution of 300 mg of 5-aminofluorescein in 10 ml 

of acetone. After 2 hours, 5 ml of ether are added io the reaction mixture and the precipi­

tate is filtered off with suction. After washing twice with ether, the yellowish-orange. 

product is dried at room temperature under a high vacuum. 
1H-NMR (DMSO-d(;): 10.65 (s,lH); 7.75 (d,lH); 7.65 (dxd,lH); 7.5 (s broad,lH); 6.5 (s 

bro~2H); 6.2 - 6.45 (m,4H); 6.0 (dxd,lH); 5.57 (dxd,lH); IR (KBr): 2200 - 3650m 

(broad), 1693m, 1637m, 1591s cm-1; MS: M+ 402; absorption spectrum (EtOH): A.max= 
445 nm, e = 3 450; (EtOH + 2 % 0.1~ NaOH): A.max= 501 nm, E = 71 600. 

Example A3: 4-Acryloylamino-4' ,5' -dimethylfluorescein 

A mixture of 24.8 g of 2-methylresorcinol and 21.8 g of 4-nitrophthalic acid anhydride is 

heated at 200° for 15 niinutes. The cooled solid crude product is boiled up in ethanol, 

filtered while hot and filtered with suction. The crystalline red 4' ,5' -dimethyl-4(5)-nitro­

fluorescein mixture is processed further immediately. 

8. 7 g of sodium sulfide hydrate and 4.1 g of sodium hydrogen sulfide hydrate are added to 

a solution of 3.7 g of 4' ,5'-dimethyl-4(5)-nitrofluorescein in 150 ml of water and the 

mixture is heated at reflux for 2 hours. After cooling, 15 ml of glacial acetic acid are 

added and the resulting product is filtered off with suction. The crude product is heated in 

300 ml of 2N hydrochloric acid and filtered while hot. The filtrate is cooled to room temp­

erature and yields a crystalline precipitate which after being filtered off with suction is 

dissolved again in 350 ml of 0.5 % sodium hydroxide solution. After the addition of 7 ml 

of glacial acetic acid the title compound precipitates and is filtered off with suction. The 

product is dissolved in 100 ml of diethyl ether and washed twice using 20 ml of water 

each time. The dried ether phase is concentrated and the residue is chromatographed on 

silica gel first with methylene chloride/methanol (85:15) and then with n-hexane/ethyl 

acetate (1: 1) and ethyl acetate only as eluant, with the result that the mixture of the title 

compound is separated. 
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4-Amino-4',5'~dimethyl-fluorescein: la.~ (DMS~: 9.9 (s broad,2H); 7.05 (s,lH); 

7 .0 (dxd,2H); 6.65 (d,2H); 6.5 (d,2H); 5~8 (s,2H); 2.35 (s,6H); IR (KBr): 2300 - 3650s 

(broad), 1755s, 1710s, 1625s, 16o5s cm-l;;MS: W 376; ab~tion spectrum (EtOH): 

Amax= 470 nm, e = 6 500; ~tOH + 2 % 0.1,N NaOH): A.nu= 510 nm, E = 88 000. 

5-Amino-4',5'-dimethyl-fluorescein: lH-NMR (DMSO-d(;): 10.05 (s,2H); 7:73 (d,lH); 

6.9 (dxd,lH); 6.8 (d,2H); 6.7 (d,2H); 6.4 (s,2H); 6.25 (d,lH); 2.45 (s,6H); IR (KBr): 2100 

- 3650m (broad), 1720m, 1700m, 1630s, 1600s cm-1; MS: W 376; absorption spectrum 

(EtOH): Am.x= 471 nm, e = 1 940; (EtQH + 2 % O.lN NaOH): "-max= 510 nm, E = 85 200. 

4-Acryloylamino-4' ,5' -dimethylfluorescein 

A solution of 36 mg of acryloyl chloride is. added dropwise to a solution of 100 mg of 

4-amino-4' ,5' -dimethylfluorescein in 4 ml of acetone. After being stirred at room temp­

·erature for 1.5 hours the reaction mixture i• concentrated to 0.5 ml and the crystalline 

precipitate is triturated in ether. Filtration vyith suction and drying under a high vacuum 

yield the pure title compolind in the form of yellow crystals that decompose from 200°. 

IH-NMR (DMS0-d6): 10.85 (s,lH); 8.4 (d,lH); 7.9 (dxd,lH); 7.2 (dxd,lH); 6~7 (d,2H); 

6.55 (d,2H); 6.3 (dxd,lH); 5.8 (dxd,lH); 2~3 (s,6H); IR (KBr): 2200 - 3650m (broad), 

1690m, 1630m, 1600s cm-1; MS: W 429: absorption spectrum (EtOH): A.max= 454 nm, 

e = 12 300; (EtOH + 2 % O.lN NaOH): A.max= 514 nm, E = 77 700. 

Example A4: 5-Acryloylamino-4' ,5' -dimethylfluorescein 

In a manner analogous to that described in Example A4 the title compound is prepared in 

the fonn of yellow crystals from 100 mg of 5-amino-4 ',5 '-dimethylfluorescein. 

lH-NMR (DMSO-<i6): 10.6 (s,lH); 7~8 (d,lH); 7.6 (d,lH); 7.5 (s broad,lH); 6.45 (d,2H); 

6.3 (d,2H); 6.2 (d,lH); 5.7 (d,lH); 2.3 (s,6H); IR (KBr): 2000 - 3700m (broad), 1685m, 

1635m, 1600s, 1585s cm-1; MS: M+ 429; ·absorption spectrum (EtOH): A.max= 454 nm, 

e = 15 100; (EtOH + 2 % O.lN NaOH): Amax= 514 nm, E = 77 100 •. 

Example AS: 4(5)-(2-(Methacryloyloxy)-ethylaminocarbonyl)-2-(11-hydroxy-3-oxo-3H­

dibenzo[ c,h]xanthen-7-yl)-benzoic acid 

100 mg (0.17 mmol) of 4(5)-carboxy-2-(ll-hydroxy-3-ox0-3H-dibenzo[c,h]xanthen-7-

yl)-benzoic acid are added to a solution of 32 mg of 2-aminoethyl methacrylate hydro­

chloride and 41 mg of 1,8-bis(dimethylamino)naphthalene in 5 ml of tetrahydrofuran 

(THF). After 48 hours' stirrjng at room temperature a further 32 mg of 2-aminoethyl meth-
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. . 

acrylate hydrochloride and 41 mg of 1,8-bis(dimethylamino)naphthalene are added and 
the mixture is stirred for a funher 48 hours. The reaction mixture is concentrated and the 

residue is chromatographedon silica gel first with methylene!chloride/methanol (10:1) as 

eluant, the title compound being obtained in the form of purple crystals. 
lH-NMR (CDCl3): 8.6 (d,4H); 8.45 (s,lH); 8.2 (dxd,lH); 8.1(dxd,lH);8.05 (dxd,lH); 

7.5 (s,lH); 7.3 - 7.4 (m,8H); 7.2 (d,lH); 6.15 (d,lH); 5.95 (s,lH); 5.65 (m,lH); 5.45 

(m,lH); 4.4 (t,2H); 4.2 (t,2H); 3.8 (t,2H); 3.6 (t,2H); 2.0 (s,3H); 1.8 (s,3H); IR (KBr): 

2400- 3650m (broad), 1750m, 1725s, 1650s cm-1; MS: W 587. 

ExampleA6: 

In a µianner analogous to that described in Examples Al to A6 it is also possible to 
prepare the other compounds of fonnula I listed in Table 1. 
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Table 1 

R4 

No. R1 R2 R3 ~ 

1 H H H NHCOC(CH3)=CH2 
2 H H NHCOC(CH3)=CH2 H 
3 CH3 H H NHCO-HC=CH2 
4 CH3 H NHCO-HC=CH2 H 
5 CH3 H H NHCO-(CH3)C=CH2 
6 CH3 H NHCO-(CH3)C=CH2 H 
7 H CH3 H NHCO-HC=CH2 
8 H CH3 NHCO-HC=CH2 . H 
9 H CH3 H NHCO-(CH3)C=CH2 
10 H CH3 NHCO-(CH3)C=CH2 H 
11 CH3 CH3 H NHCO-HC=CH2 
12 CH3 CH3 NHCO-HC=CH2 H 
13 CH3 CH3 H NHCO-(CH3)C=CH2 
14 CH3 CH3 NHCO-(CH3)C=CH2 H 
15 a H H NHCO-HC--CH2 
16 Cl H NHCO-HC=CH2 H 
17 a H H NHCO-(CH3)C=CH2 
18 Cl H .. NHCO-(CH3)C=CH2 H 

19 H Cl H NHCO-HC=CH2 
20 H Cl NHCO-HC=CH2 H 
21 H Cl H NHCO-(CH3)C=CH2 
22 H Cl NHCO-(CH3)C=CH2 H 
23 Cl Cl H NHCO-HC=CH2 
24 Cl Cl NHCO-HC--CH2 H 

25 Cl Cl H NHCO-(CH3)C=CH2 
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26 Cl a NHCO-(CH3)C=CH2 H 
27 Br H H NHCO-HC=CH2 
28 Br H NHCO-HC=CH2 Hf 
29 Br H H NHCO-(CH3)C=CH2 
30 Br H NHCO-(CH3)C=CH2 H 
31 H Br H NHCO-HC=CH2 

. 32 H Br NHCO-HC=CH2 H 
33 H Br H NHCO-(CH3)C=CH2 
34 H Br NHCO-(CH3)C=CH2 H 
35 Br Br H NHCO-HC=CH2 
36. Br Br NHCO-HC=CH2 H 
37 Br Br H NHCO-(CH3)C=CH2 
38 Br Br NHCO-(CH3)C=CH2 H 
39 CH30 H H .NHCO-HC=CH2 
40 CH30· H NHCO-HC=CH2 H 
41 CH30 H H NHCO-(CH3)C=CH2 
42 CH30 H NHCO-(CH~C=CH2 H 
43 H CH30 H NHCO-HC=CH2 
44 H CH30 NHCO-HC=CH2 H 
45 H CH30 H NHCO-(CH3)C=CH2 
46 H CH30 NHCO-(CH3)C=CH2 H 
47 CH30CO H H NHCO-HC=CH2 
48 CH30CO H NHCO-HC--cH2 H 
49 CH30CO H H NHCO-(CH3)C=CH2 
50 CH30CO H NHCO-{CH3)C=CH2 H 
51 H CH30CO H NHCO-HC=CH2 
52 H CH30CO NHCO-HC=CH2 H 
53 H CH30CO H NHCO-(CH3)C=CH2 
54 .ff CH30CO NHCO-(CH3)C=CH2 H 
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Example 7: Preperation of 

HO 

a) H3N+-(CHi)u-C(O)-O'."CH3 (a). 

10 g 12-aminododecanqic acid are suspended in 200 ml of absolute methanole and 2.48 ml 

sulfuric acid (97%) are added. The clear sqlutionis heated.overnight under reflux. The 

pale yellow solution is evoporated to dryness and the obtained white crystals are washed 

with diethylether and dried subsequently. Yield: ISA g white powder, m. p. 73 °C. 

b) CH2=CH-C(O)-NH-(CHi}u-C(O)-O-CH3 (b). 

3.25 (a) are disolved in 50 ml CH2Cl2 and t equivalent triethylamine is added. The 

reaction mixture is cooled to 5 °C and 2 equivalents acryloyl chloride dissolved in 10 ml 

CH2Cl2 are added dropwise. After 4 h reac.tion time at 0 °C the mixture is filtered and the 

filtrate evoporated to dryness. The crude pioduct is dissolved in ethylacetate, washed with 

water, the organic phase is seperated and evoporated to dryness. Chromatographic on 

silica gel using ethylacetate as eluant yields· l .31 g ( 46%) white crystals, melting point: 65 

°C. 1H-NMR(CDC13): 3.18 ppm (OCH3). 

c) CH2=CH-C(0)-NH-(CH2)11-C(0)-0H (c). 

Compound (b) is treated during 30 min wiµi HCl (20%) at 60 °C in water. The reaction 

mixture is· extracted after cooling with ethylacetate. The organic phase is wahed With 
water and brine and then dried. The solve~ is evoporated yielding 80 % crude product 

which is pure according NMR analysis. The product is directly used in the next process 

step. 

d) Title compound 

Compound (c) is dissolved in 15 ml terahydrofurane (TIIF) and 2.1 mmoles carbonyldi­

imidazole is added. After stirring (2 h) 2 mmoles 4-aminofluorescein dissolved in 60 ml 

THF are added and stirringr is continued overnight. The solvent is evoporated and the 
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residue chromatographied on silica· gel. The product containing fractions are combined, 

dissolved in ln NaOH and acidified with ln HQ to precitipate the product. The product is 

isolated by centrifugation, washed twice with water and then :centrifugated. Yield of title 
compound: 350 mg (30%); MS (FAB+): 599. 

Example 8: Preperation of 

HO 0 

COOH 

a) Nr(CH2CH2-0-)3H (a). 

0.2 moles triethylene glycole chlorohydrine and 0.3 moles sodium azide are heated during 

16 hat 110 °C. The reaction mixture is cooled and filtered through a sintered glass funnel 

(P3). The filttate is distilled and yields 86% product; boiling range 100 to 115 °C/0.1 
mm/Hg. 

b) Nr(CH2CH2-0-h-CH2-C(O)-O-C(CH3)3 (b). 

0.35 moles of (a) are slowly added to a suspension 0.385 moles sodium hydride in TiiF 

under cooling with an ice bath. After stirring for 1 h at room temperature 0.42 moles 

2-bromo-t.;.butylacetate are dropwise added. Stirring is continued overnight. The solvent is 

evaporated, the dry residue taken up with diethylether, washed threetimes with water and 

once with brine. The solution is dried, the solvent is evaporated and the residue is distilled 

at 0.1 mmJHg at 120-160 °C. There are obtained 30% compound (b); 1H-NMR(CDCI3): 

1..48 ppm (t-butyl), 4.05 ppm (OCH2C(O)O). 

c) N3-(CH2CH2-0-h-CH2-C(O)-OH (c). 

6.9 mmoles compound (b) are dissolved in 30ml c;lioxane, 100 mg Pd/C (5%) are added 

and the mixture is stirred for 6 h under a hydrogen atmosphere. After filtration and 

evaporation of the solvent there yields 99% of compound (c). 1H-NMR(CDC13): 1.50 ppm 

Ct-butyl). 
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d) CH2=CH-C(O)-NH-(CH2CH2-0-)rCH~-C(O)-O-C(CH3~ (d). 
11.S mmole.s of compound·(c) are.dissolved in 50 ml CH20 2 and treated f"mtly with 21 

mmoles triethylamine and ~ondly with 26.2 mmoles acryloyl chloride dissolved in 20 ml 

CH2CI2 over a period of 40 minutes. The ~ixture is kept for 3 h at 0 °C, then water is 

added, the organic phase is seperated, dried and the solvent evaporated. The crude product 
is used directly for the next reaction step. 

e) CH2=CH-C(O)-NH-(CH2CH2-0-)rCHi-C(O)-OH (e). 
16.4 mmoles of compound (d) in 25 ml CH2Cl2 are treated during 5 h at room temperature 

with 25 ml tritluoroacetic acid. The solvent and acid are removed by distilliation yielding 
compound (e), 1H-NMR(CDC13): 4.25 pp (OCH2C(0)0), 5.75-5.85 and 6.3-6.4 (ole(inic 
protons of acrylamide moiety). 

f) Title compound 

1.15 mmoles of compound (e) are dissolved in 5 ml 1HF and 1 equivalent carbonyldiimi­

dazole is added at once. After 3 h stirring 1 mmole 4-aminofluorescein dissolved in 30 ml 

1HF is added the resulting mixture. is s~d for 48 hours. The sovent is dilled off and the 
residue is purified by chromatographic on silica gel. There yield 37 % of the title 
compound; MS(FAB-): 589, MS(FAB+): 591. 

B) Manufacture of planar sensors 

Example Bl: 

Glass substrates (plates of 18 mm diameter) are first cleaned with 30 % sOdium hydroxide 
solution and then activated in 65 % nitric ~id. The activated plates are then silanised with 

methacrylic acid 3-trimethoxysilylpropyl ~ster. 150 µl of hydroxyethyl methacrylate, 5 mg 

of N,N-methylenebisacrylic acid.amide, 2 ;mg of 4-acryloylaminofluorescein and 20 mg of 

ammonium peroxodisulfate are added to 4,ml of solution taken from a stock solution of 
4 g of polyhydroxyethyl methacrylate in 6P ml of dimethylfonnamide. 50 µl of the · 
resulting mixture are transferred by pipette to a plate lying on the head of a spin coater and 

the plate is spun for 30 seconds at a speed of 5000 revolutions per minute. For polymerisa­

tion the coated plates are then kept in an oven at 64 ° for 2 to 3 hours. Transparent 

substrates having a polymer layer of about 1 µm thickness are obtained. The polymer layer 

has good mechanical stability. 

ExampleB2; 



W095/30148 PCT/IB95/00302 

-31-

Glass substrates (plates of 18 mm diameter) are first cleaned with 30 % sodium hydroxide 

solution and then activated in 65 % nitric acid. The aetivated plates are then silanised with 

methacrylic acid 3-trimethoxysilylpropyl ester. 15Q µI of hycp-oxyethyl methacrylate, 5 mg 

of N,N-methylenebisacrylic acid amide, 2 mg of 4-acryloylaminofluorescein and 10 mg of 
Irgacure 651 ® (photoinitiator, Qba-Geigy AG) are added to 4 ml of solution taken from a 

stock solution of 4 g of polyhydroxyethyl methacrylate in 60 ml of dimethylfonnamide. 
50 µl of the :resulting mixture are transferred by pipette to a plate lying on the head of a 

spin coater and the plate is spun for 30 seconds ·at a speed of 5000 revolutions per minute. 

For polymerisation the coated plates are then irradiated with UV light (365 nm, 

1300 µ.W/cm2) for 10 to 20 minutes at room temperature. Transparent substrates having a 

polymer layer of about 1 µ.m thickness are obtained. The polymer layer has good 

mechanical stability. 

ExampleB3: 

In a manner analogous to that described in Examples B 1 and B2 it is also possible to 

prepare the other membranes listed in Table 2 ("pseudo-penetration-networks"). 

Table2 
polymer1 mg sol monomer2 µl mg mg cross-linking mg initiator 

dye3 agent4 

PVP 600 DMF VP 300 4 10 4<>5 

PVP 600 DMF VP 300 4 10 2Q6 
PAA 800 H20 AA 150 2 5 2<>5 
PHEMA 270 DMF HEMA 150 2 5 2<>5 

PHEMA 270 DMF HEMA 150 2 5 106 

PHPMA· 1600 DMF HPMA 300 4 10 40S 
PHBA 670 DMF HBA 300 4 10 40S 

1 PVP: polyvinylpyrrolidone, PAA: polyacrylamide, PHEMA: polyhydroxyethyl 

methacrylate, PHPMA: polyhydroxypropyl methacrylate, PHBA: polyhydroxybutyl 

acrylate 
2 VP: vinylpyrrolidone, AA: acrylamide, HEMA: hydroxyethyl methacrylate, 

HPMA: hydroxypropyl methactylate, HBA: hydroxybutyl acrylate 
3 4-acryloylaminofluorescein 
4 N,N-methylenebisacrylic.acid amide · 
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s ammonium peroxodisulfate . 
6 .Irgacure 651 

sol-= solvent 

DMF = climethylformamide. 
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N,N-Dimethy~crylamide ~d tert-butylacrylamide in the desired ratio are placed in an 

ampoule and dissolved in dimethyl sulfoxi~ so thata 30 % solution is formed. After the 

addition and dissolution of a,a' -azoisobutyronitrile. and 4-acryloylaminofluoresecein, the 

ami)oule is repeatedly frozen, evacuated and gassed with nitrogen in order to remove 

oxygen. The polymerisation is carried out ~t 60° for 48 hours in a water bath. A trans­

p~nt, highly viscous yellow mass is obtained which, with stirring and if necessary with 

heating, is dissolved in twice the amount of methanol (based on the amount of dimethyl 

sulfoxide used). The solution is added dropwise, with vigorous stirring, to 20 times the 

amount of distilled water or diethyl ether, the polymer formed being precipitated in the 

form of yellow flocks which rapidly agglutinate. The polymer is filtered, dried at 100° for 

24 hours, then again dissolved in methanol and precipitated in water or diethyl ether. After 

removal of the mother liquor, the product is dried at 100° for 48 hours. The resulting 

brittle yellow solid is very hygroscopic. The copolymer composition is determined by 

Ff-IR measurement, and the dye concentration is detennined by UV spectroscopic 

measurement in the absorption maximum of the dye (pure dye: 442 nm, copolymerised 

dye: 454 nm). In a manner corresponding to that described it is possible to prepare the 

copolymer membranes listed in Ta~le 3. 

Glass substrates (plates of 18 mm diameter) are first cleaned with 30 % sodium hydroxide 

solution and then activated in 65 % nitric acid. The activated plates are then silanised With 

3-aminopropyltrimethoxysilane. The silanised plates are allowed to react for 1 hour at 

room temperature in a solution of 0-(N-succinimidyl)-6-(4'-azido-2'-nitrophenylamino)­

hexanoate in climethylfonnamide/borax buffer (5:1). The polymer (5%) is dissolved in 

methanol at 20° to 25° and applied to the :i;>late, which has been functionalised with azido 

groups, in the form of a thin film by means of spin coating at a speed o~ 500 revolutions 

per minute for 20 seconds, irradiated for 15 minutes and then dried under nitrogen for 12 

hours at 60°. The layer thicknesses of the .-nembranes are about 1 ·µ.m. 
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Table 3 

Examp. DMAA1TBAA2 AAF3 yield content4 inh. visc.5 conc.6 

No. mol% mol% wt% % mol% dl/g wt.% 

1 20 80 1 86 82.80 1.287 >1' 

2 30 70 1 70 72.13 1.261 0.7 

3 40 60 1 70 64.13 1.163 0.6 

4 45 55 1 56 59.77 1.545 >1' 

5 50 50 1 66 55.53 1.220 >1' 

6 55 45 1 60 52.25 1.573 0.6 

7 60 40 1 48 34.98 1.692 o.~ 

8 70 30 1 68 27.65 1.538 1.2 

1 N ,N-dimethylacrylamide 
2 tert-butylacrylamide 

3 4-acryloylaminofluorescein 
4 content of N,N-dimethylacrylamide 

s 0.5 % by weight in THF at 25° 
6 concentration of 4-acryloylaminofluorescein, determined by UV spectroscopy 
7 estimated 

ExampleB5: 

35 mg (0.058 mmole) compound of example A 7, 2,19 g of N,N-dimethylacryl amide, 2,81 

g of t-butylacryl amide and25 mg azobisisoburyronitrile are dissolved in 16.7 dimethyl­

sulfoxide, placed in an ampoule and then frozen in liquid nitrogen. The ampoule is 

evacuated and then wanned to room temperature. Nitrogen is introduced and the mixture 

frozen by liquid nitrogen. The procedure is repeated tbreetimes. The ampoule is kept for 5 

d at 60 °C. The yellow viseous product is dissolved in 25 ml hot methanol and the the 

product is precipitated by the addition of 1.5 1 diethylether. The residue is again dissolved 

in 25 ml hot methanol and precipitated by the addition of 1.5 1 diethylether. The 

orange-red product is dried at room temperature in high vacuum. Yield is 1.83 g (36.6 % ), 

glass transition temperature is 147 .9 °C, inherent viscosity (0.5% solution in methanol at 

25 °C) is 2.06 dl/g. The concentration of the dyestuff in the polymer is 0.53 percent by 

weight. 

ExampleB6: 
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Example BS is repeated using the compound of example AS instead of the compound of 
example A 7. Yield is 4.05 g (81 % ), glass t,ransition temperature is 150.8 °C, ~erent 
viscosity (0.5% solution in methanol at 25 °C) is 1.34 d.Vg. The c0ncentration of the 
dyestuff in the polymer is 0.44 percent by weight. · 

Cl Application Examples 

Example Cl: 
. : . .: . 

. Two sensors are mounted one. behind the ot11er in two flow cells. The calibration solutions 
or sample solutions are metered and conve)!ed through the cells using pumps. The 

me~uring arrangement is thennostatically ~ontrolled. The light of a halogen lamp (white 
light, excitati~n wavelength 480 nm) is con~ucted through an excitation filter and 

reflected on a dichroic mirror and focussed onto the planar sensors using lenses. The 
fluorescent light (at 520 nm) emitted by the sensors is collected using the same lens 
system and guided by the dichroic mirror through an emmission filter to a photodiode. The 
fluorescence of the sensors is recorded while being acted upon by the calibration or 
sample solutions. The measurement data obtained from the calibrations are evaluated with 
a partial least squares pattern recognition algorithm; the calculation method is then 
capable of determining the pH and the ionic; strength from the measurement data obtained 
from the sample. 

The following Tables give the effects of the different membrane co~positions on the 

properties of the embedded fluorescent dyes, Since the. variation in the ionic strength alters 
not only the pK. of the dye but also the pH ~f the measuring solution, and the latter in turri 
influences the maximum fluorescence intensiJy of the dye, in order to measure the pH 
using the described sensor system it is neces~ary for the ionic strength dependency both of 
the pKa of the dye and of the pH of the calibfittion buffer sol.utiOn to be known. Tables 4 
and 5 show examples of fluorescent dyes, their pKa, and the ionic strength dependency of 

the pKa and of the pH with different sensor ~embrane c<>mpositions. Sensors from the 
following tables haying different ionic strength dependencies can be selected for the pH 

determination. . \ 
i 
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Table4 

polymer1 dye2 pKa3 ionic strength buffer curve 

dependency" displacementi 

PVP A 6.3 0.02 0.02 
PAA A 6.4 0.13 0.10 
PHEMA A 7.0 0.28 0.25 
PHBA A 7.3 0.05 0.10 
PVP B 6.6 0.02 0.02 
PAA B 6.7 0.16 0.10 
PHEMA B 7.3 0.30 0.20 
PHPMA B 7.4 0.13 . 0.10 

1 for abbreviations see Table 2 
2 A: 4-acryloylaminofluorescein, B: 4-acryloylamino-4' ,5' -dimethylfluorescein 
3 at O.lM ionic strength 
4 pK8 displacement between the calibration curves in buffer solutions of O. lM and 0.3M 

ionic strength 
5 pH displacement between the calibration curves in buffer solutions of O.IM and 0.3M 

ionic strength 

Table 5 

copolymer1 dye2 pK.3 ionic strength buffer curve 
wt.%tBuAA dependency" displacem.ent5 

46.2 A 6.78 0.10 -0.07 
51.2 A 7.00 0.07 -0.04 
56.2 A 7.28 0.16 . +0.05 
61.0 A 7.50 0.16 +0.08 
65.8 A >7.60 ---0.10 

1 prepared from dimethylacrylamide and tert-butylacrylamide (tBuAA) 
2 A: 4-acryloylaminofluorescein (1 percent by weight) 
3 at O.lM ionic strength . 
4 pK8 displacement between the calibration curves in buffer solutions of 0. IM and 0.3M 

ionic strength 
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5 pH-displacement between the calibration curves in buffer solutions of O. lM and 0.3M 

ionic strength 

Table6 

polymer 

Example BS 7,8 

ionic strength 

dependency4 

0.04 

buffer curve 

displacelnent5 

-0.5 

.. 
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What is claimed is: 

1. A method for the independent, reversible, optical determ~ation of the pH value and the 
ionic strength of an aqueous sample with the aid of two different sensors in accordance 
with the fluorescence method, in which method two optical sensors, which are each 
composed of polymers of different structure but each contain the same fluorescent dye and 
which each consist of a coated material composed of 
a) a carrier material, to which there is applied 
b) at least one water-insoluble layer of a polymer comprising at least one hydrophilic 
monomer (A) from the group of substituted olefins, and 
c) a proton-sensitive fluorescent dye which is bonded directly or via a bridge group tO the 
spine of polymer b) or which is incorporated in polymer b ), 
are brought into contact with an aqueous test sample, irradiated with exciting light, the 
fluorescence is measured and the pH values and the ionic strengths are calculated from the 
measured fluorescence intensities with reference to calibration curves. 

2. A method according to claim 1 wherein the carrier material of the optical sensors is 
transparent and consists of glass or a transparent polymer. 

3. A method according to claim 1 wherein the carrier material is planar. 

4. A method according to claim 1 whe~in the polymers in layer b) comprise at least 
20 mol % monomer (A), based on the polymer. 

5. A method according to claim 1 wherein the hydrophilic monomer (A) is an olefinic 
monomer corresponding to formula XX 

(XX) 

wherein each R independently of the others is hydrogen or a hydrophobic substituent, and 
Zx is a hydrophilic radical. 

· 6. A method according to claim 5 wherein the hydrophobic substituents are selected from 
Ci-C12alkyl, C1-C1:zalkoxy, Ci-C12haloalkyl, phenyl, halophenyl, C1-C4alkylphenyl, 
C1-C4alkoxyphenyl, carboxylic acid ester groups having a total of from 2 to 20 carbon 
atoms, -CN, F and a. 

111111111111111111111111111111 
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7. A method according to claim S wherein the hydrophilic radicals are selected from -OH, 
-O-(CrC12alkylene)-OH, -~(O)-NH2, -C(0)-NH-(C2-C12alkylene)-OH, 
-C(O)-N-(~-C12alkylene)i-OH, -C(O)-NJ:l-C1-C1~1, ·-C(O)-N-(C1-C12alkyl)2, 
pyrrolidonyl and-C(O)-O-(Ci-C12alkylene)-OH. 

8. A method according to claim 1 wherein the thickness of the polymer layer is from 0.01 
to 50 µ.m. 

9. A method according to claim ·l wherein the difference in the ionic strength dependency 
of ~e sensors is at least O.l, measured as the·pK. displacement between the calibrati~n 
curves in buffer solutions of O. lM and 0.3M ionic strength. 

10. A method according to claim 1 wherein the polymers in layer b) are cross-linked. 

11. A method according to claim 1 wherein the polymers in layer b) comprise at least 
20 mol % of monomer (A) and, accordingly, at most 80 mol % of a hydrophobic 
comonomer (B), based on the polymer. 

12. A method according to claim 1 wherein polymer b) comprises from 20 to 100 mol % 

of at least one structural unit of fonnula m 

(Ill) 

and from 80 to 0 mol % of at least one structural unit of formula IV 

H 

~ -b c- (IV) 

I I 
Re Rr 

wherein 

111111111111111111111111111111 
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Ra is hydrogen, CrY;alkyl or -COOR1 and 
R1 is hydrogen, CrC6alkyl, CrY;hydroxyalkyl or an alkali metal cation, for example 
NaEDorKED ' { 

Rb is pynolidonyl, -OH, ~-C6hydroxyalkoxy, -CONR7R8 or -COO~. 
R7 and R8 are each independently of the other hydrogen, CrC6alkyl or C:z-C6hydroxyalkyl 
and 
~ is hydrogen or C1-Y;hydroxyalkyl, 

Re is hydrogen or CrC6alkyl, 
Rei is hydrogen, CrY;alkyl, F or Cl, 

Re is hydrogen or C1-Y;alkyl, or 

Re and Rr together are -C0-0-CO-, and 
Rr is hydrogen, C1-Y;alkyl, -CN, For Cl. 

13. A method according to claim 12 wherein the layer is composed of polymers having 
100 mol % of structural units of formula III wherein Ra is hydrogen, Re is hydrogen or 
methyl and Rb is pyrrolidonyl, -CONR7R8 or -COO~. R7 and R8 are each independently 
of the other hydrogen, C1-Y;alkyl or C:z-C6hydroxyalkyl and R9 is hydrogen or Ci-C6-
hydroxyalkyl. 

14. A method according to claim 1 wherein the layer of polymers comprises from 20 to 
80 mol % of at least one structural unit of formula IIIa 

(illa) 

and from 80 to 20 mol % of at least one structural unit.of formula IDb 

1· t 
-6----c-

I I 
(illb) 

H R· J 

wherein 

111111111111111111111111111111 
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Rg and~ are each independently of the o£4et hydrogen or methyl, preferably hydfogen; 

Rh is di(C1-Y;alkyl)amino, preferably di(Ci-C4alkyl)amino, and especially dimethylamino 

or diethylamino; and 

Rj is amino, preferably mono(C1-Y;alkyl)8'1lino and especially mono(C1-C6alkyl)amino, 

for example tert-butylamino. 

15. A method according to claim 1 where~ the hydrophilic polymers of layer b) are 

polymers eomprising a polymerisate of at Ieast one hydrophilic monomer (A) from the 

group of substituted olefins in which there is homogeneously distributed at least one 

carrier polymer comprising at least one hydrophilic monomer (A) from the group of sub­

sti~ted olefins that is identical to or different from the former. 

16. A method according to claim 15 wherein the polymerisate is cross-linked and the 

carrier polymer is embedded in the polymer network. 

17. A method according to claim 15 where~ the hydrophilic carrier polymer is a homo- or 

co-polymer of yinylpyrrolidone; of a hydroxyalkyl acrylate or methacrylate; of vinyl 

alcohol; of a vinylhydroxyalkyl ether; of an acrylamide or methacrylamide; or of a 

hydroxyalkyl acrylamide or methacrylamide. 

18. A method according to claim 15 where~ the carrier polymer is composed of monomer 

(A), and monomer (A) is simultaneously used together with that cmier polymer for the 

preparation of the membrane. 

19. A method according to claim 15 wherein the hydrophilic carrier polymer is polyvinyl­

pyrrolidone, a p0ly(Ci-C~ydroxyalkyl) acrylate or methacrylate, for example poly­

hydroxyethyl methacrylate, polyhydroxypropyl methacrylate, polyhydroxybutyl meth­

acrylate, polyhydroxyhexyl methacrylate, polyhydroxyethyl acrylate, polyhydroxypropyl 
~ . . 

acrylate, polyhydroxybutyl acrylate or polyhydroxyhexyl acrylate, a polyacrylamide or 

polymethacrylamide, mono(CrC6alk:yl)polyacrylamide or mono(C1-C6alk:yl)polymeth­

acrylamide, di(C1-C6alkyl)polyacrylamide or di(C1-C~l)polymethacrylamide. 

20. A method according to claim 15 wherein th~ polymer of layer b) comprises at least 

one monomer (A) from the group: vinylpyrrolidone, 2-hydroxyethyl methacrylate, 

3-hydroxypropyl methacrylate, 4-hydroxybutyl acrylate, 5-hydroxypentyl acrylate, 

6-hydroxyhexylacrylate, !lcrylamide, N,N-dimethylacrylamide and ten-butylacrylamide, 

... r 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \'ll . 
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or a polymer obtainable by polymerisation in solution of a monomer (A) from the group: 

vinylpyrrolidone, 2-hydroxyethyl methacrylate, 3-hydroxypropyl methacrylate, 

4-hydroxybutyl acrylate, 5-hydroxypentyl acrylate, 6-hydro~yhexyl acrylate and acryl­

amide, in the presence of a carrier polymer of a monomer (A) from the group consisting of 

vinylpyrrolidone, 2-hydroxyethyl methacrylate, 3-hydroxypropyl methacrylate, 

4-hydroxybutyl acrylate and acrylamide. 

21. A method according to claim 15 wherein the mixture ratio between monomer A ~d 

carrier polymer is from 5 to 95 % by weight of carrier polymer, and from 95 to 5 % by 

weight of monomer A, based on the total mixture of monomer and carrier polymer. 

22. A method according to claim 1 wherein the polymers of layer b) are cross-linked with 

from 0.01 to 50 mol % of a cross-linking agent, based on the polymer. 

23. A method according to claim 22 wherein the cross-linking agent is an acrylic or meth­

acrylic acid ester or amide of a polyol or polyamine. 

24. A method according to claim 1 wherein the. fluorescent dye is present in an amount of 

from 0.01 to 10 % by weight, based on the polymer. 

25. A method according to claim 1 wherein the proton-sensitive fluorescent dye is selected 

from the group fluorescein, xanthenes and benzoxanthenes; acridines; acridones; pyrenes 

and coumarins, which are optionally covalently bonded directly or via a bridge group to 

the polymer. 

26. A method according to claim 1 wherein the bridge group of the fluorescent dye is the 

group -(CO)s-NH-(Ci-C12alkylene-O)r-CO- or -(CO)s-O-CCi-C12alkylene-O)r-CO- or 

-C(O)-NH-(CH2CH2-0)1 bis 6-CH2C(O)-NH-, with the (CO)s group or the NH group being 

bonded to the fluorescent dye and rand s each being 0 or 1. 

27. A method according to claim 1 wherein the fluorescent dye is a dye of formula I, II or 

Ila 

I lllllll llllll lllll lllll II llll 
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HO 

(I), 

HO 

(II), 
COOH 

HO 

(Ila), 
COOH 

wherein R1 and R2 are each independently of the other hydrogen, C1-C4alkyl, 

Ci-C4alkoxy, CrC4alkoxycarbonyl, CrC4-alkyl-SC>i or halogen, and either R3 is 
hydrogen and Ra is -NH-CO-, -CO-NH-(Ci-C12alkylene-O)-@, 

-CO-NH-(Ci-C12alkylene-NH)-CO- or -C(O)-NH-(CH2CH2-0)i bis 6-CH2C(O)-NH-, or 
R3 is -NH-CO-, -CO-NH-(Ci-C12alkylene.:.o)-CO-, -CO-NH-(Ci-C12alkylene-NH)-CO­

or -C(0)-NH-(CH2CH2-0)i bis 6-CH2C(O)-NH- and~ is hydrogen; or 
wherein either Rs is hydrogen and R6 is -NH-C(O)-, -CO-NH-(Ci-C12alkylene-0)-CO-, 

-CO-NH-(Ci-C12alkylene-NH)-CO- or -C(O)-NH-(CH2CH2-0)i bis 6-CH2C(O)-NH-, or 
Rs is -NH-C(O)-, -CO-NH-(Ci-C12alkylene-O)-CO-, -CO-NH-(CrC12alkylene-NH)-CO-

1111111111111111111111W 1111~ 
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or -C(O)-NH-(CH2CHr0)1 bis 6-CH2C(O)-NH-, and~ is hydrogen, 

in each case in free fonn or in salt fonn, or a C1-~oalkYl ester thereof. 

PCT/IB95J00302 

28. A copolymer comprising at least one recurring structural unit of fonnula VIl 

H Rk 

-b----b-
1 I . 
H C(O)-NliRm 

(VII), 

optionally at least one recuning structliral unit of formula vm 

(VIIl), 

and recurring structural units of fonnula IX 

H Rt 

-f-f- (IX), 

H C(O)-NH-F 

wherein 

Rk is hydrogen or methyl, 

Rm is hydrogen or Ci-C12alkyl, phenyl or benzyl, 

Rn and Ro are each independently of the other C1-C12alkyl, phenyl or benzyl or Rn and Ro 
together are tetramethylene, pentamethylene, -(CH:z>rP-CCH:Vr or 

-(CH2h-N(C1-C6alkyl)-(CH2h-, and 

F is the radical of a fluorophore bonded directly or via a bridge group to the N atom, 

with the proviso that at least two different recurring structural units of fonnula VII or at 

least one structural unit of fonnula VII and at least one structural unit of formufa VIII are 

present. 
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29. A copolymer according to claim. 28 wherein Rm, Rn and ·Ro as alkyl contain from 1 to 

6 carbon atoms. 

30. A copolymer according to claim. 28 wherein structural units of fonnula VII and 
structural units of formula vm are present. 

31. A copolymer according to claim 30 wherein the structural .units of formula vn are 

·present in an amount of from 10 to 80 mol % and the structural units of fonnula vm are 

present in an amount of from 90 to 20 mol %, based on the polymer. 

32. !'-- copolymer according to claim 28 wherein the polymer is cross-linked, and the . 
' . . . . 

bivalent structural units of the cross-linking agent are present in an amount of from 0.1 to 
30 % by weight, based on the polymer. 

33. A copolymer according to claim 28 wherein the fluorophore radical F is selected from 

the fluorophores of formulae I, II and Ila. 

34. A copolymer according to claim 28 wherein the polymer comprises structural units of 

formula VIl and structural units of formula VIIl, Rk is hydrogen, Rm is CrC6alkyl, Rn and 

R0 are Cr or Ci-alkyl, and F is a radical of fonnula I, Il or Ila. 

35. A composition comprising 

a) an acrylamide or methacrylamide of formula X 

H Rk 

Lb 
I I 

(X), 

H C(O)-NllRm 

b) optionally an acrylamide or inethacrylamide.of formula XI 

(XI), 

1111111\ 11\111111\Hllll 111111 , 
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c) an acrylamide or methacrylamide of fonnula Xll 

H R1c 

Lb 
I I 

(XII), 

H C(O)-NH-F 

and d) optionally an at least diolefinic cross-linking agent, wherein R1ct Rzn, Rn and R0 and 
also F are as defined above, with the proviso that at least two different monomers of 

fonnula X or at least one structural unit of formula X and at least one structural unit of 

formula XI are present. 

36. An optical sensor comprising a material coated with a water-insoluble and hydrophilic 

polymer, the polymer containing an indicator dye, wherein 

a) there is applied to a carrier material 

b) a water-insoluble layer ofa polymer comprising at least one hydrophilic monomer (A) 

from the group of substituted olefins, and 

c) a proton-sensitive fluorescent dye is covalently bonded directly or via a bridge group to 

the spine of the polymer b) or is incorporated in polymer b). 

37. A sensor according to claim 15 wherein the thickness of the polymer layer b) is from 

0.01 to 50 µ.m. 

38. A compound of formula Ia, Ile or Ild 

(la), 
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HO 

(Ile), 
COOH 

HO 

0 

(lid), 
COOH 

wherein 
R1 and R2 are each independently of the other hydrogen, c1.:c4alkyl, Ci-C4alkoxy, 

Ci-C4alkoxycarbonyl or halogen, arid either R3 or Rs is hydrogen and R'4-or R6 is a group 

-(C0)1-0-(Cz-C12alkylene-O)r-CO-CRt=CH2.- -

-(C0)1-NH-(Ci-C12alkylene-NH)r-CO-CRt=CH2, 
-NH-C(0)-(Ci-C1:zalkylene-NH)r•CO-CR:tc=CH2, 

-(C0)1-0-(Ci'."C12alkylene-O)r-CO-CRk=CH2. 
-(C0)1-0-(Cz-C12alkylene-O)r-Ci-C6-alkylene-NH-CO-CRt=CH2. 

-NH-(CrC12alkylene-O)r-Ci-C6-alkylene-NH-CO-CR:tc=cH2,- or 

-NH-C(O)-CH2-0-(Ci-C12alkylene-O)r-Ci-C6-alkylene-NH-CO-CR.k=€H2. or 
R3 or Rs is a group -(C0)1-NH-(Cz-C12alkylene-O)r-CO-CR:tc=CH2. 

-(C0)5 NH-(C2-C12alkylene-NH)rCO-CRt=CH2. 
-NH-C(O)-(Ci-C12alkylene-NH)r;;;CQ-CRt=CH2. 

-(C0)1-0-(Ci-C12alkylene-O)r-CO-CRt=CH2. 

-(C0)1-0-(Ci-C12alkylene-O>r-Ci-C6-alkylene-NH-OO-CR:tc=CH2. 

-NH-(C2-C12alkylene-O)r-Ci-C6-alkylene-NH-CO-CRt=CH2; or 
-NH-C(O)-CH2-0-(CrC12alkylene-O)r-~-C6-alkylene-NH-CO-CRt=CH2, and R4 and 

R6 are hydrogen, 
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rands are each independently 0or1, and Rk is methyl or hydrogen; 

with the proviso that R1 and R2 are other than hydrogen when R3 or R. is acryloylamino; 

in each case in free form or in salt fonn, or a C1-Q20alkyl es~ thereof. 

39. The use of two sensors accmding to claim 36 having different polymer compositions 

in layer b) in the optical detennination of the ionic strength and the pH value of an 

aqueous electrolyte solution by means of fluorescence detection. 
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