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Optical sensor for the determination of ions

The invention relates to a sensor for the optical determination of ions, for example cations
from the group consisting of metal and ammonium cations, or for Examplc anions from the
group consisting of anions of inorganic and organic acids, in aqueous samples by the
fluorescence method, which sensor contains certain highly _basic dyes from the group
consisting of thodamines and acridines as fluorophores in the active coating, to a process
for the qualitative or quantitative determination of cations, in particular in aqueous
solutions, using the optical sensor, and to a composition containing the fluorophores and
polymers. |

The optical determination of ions has recently achieved increased importance, the
presence or concentration of ions being measured, for example, via the change in
absorption or fluorescence of a suitable dye. The sensors, also known as optrodes,
generally comprise a transparent support material and an active coating. This active
coating generally contains a transparent hydrophobic polymer and a lipophilic plasticizef
for achieving adequate ion diffusion and solubility of the active constituents. The active
constituents are a specific ionophore as complexing agent for ions, a counterion for
maintaining electrical neutrality, and an indicator substance which, due to a chemical
change or a physical change in the environment, generates a measurable optical signal.

US-A-4 645 744 describes systems of this type in which the indicator substance is a
neutral compound, for example a dye (p-nitrophenol), which interacts with an
ionophore/metal cation complex, causing a colour change as the optically measurable
signal. The interaction can cause, for example, the elimination of a proton from the dye,
causing a change in the electron state. Suitable compounds include fluorescing compounds
(for example ﬂﬁorescein), whose fluorescence changes due to the change in the electron
state and can be determined optically by means of fluorescence measurements.

H. He et al. in Chemical, Biochemical and Environmental Fiber Sensors II, SPIE Vol.
1368, pages 165 to 174 (1990), describe systems containing a proton carrier (Nile Blue) as -
indicator substance, in which the transport of potassium into thé active coating by means
of valinomycin as ionophore causes dissociation of the proton carrier and diffusion of a
proton into the aqueous phase. The proton carrier changes its colour from blue to red and,
depénding on the choice of wavelength, either the reduction in fluorescence of the blue |
dye or the corresponding increase in the fluorescence of the red dye can be determined.
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Due to the higher sensitivity and selectivity, measurement of the fluorescence is preferred.
A significant disadvantage of the process is the low sensi_tivity of the system, due to the
.ow fluorescence quantum yield of the indicator dye used.

.N.Roein Analyst, Vol. 115 'p'ages 353 to 358 (1990), describes a system based on
cnergy transfer due to complex formation of the ﬂuorescence dye used with the anionic
form of a certain mdonaphthol wluch itself forms a ternary complex with the
potassmm-charged ionophore. 'l'he potassmm is detennmed by measuring the change in
: bsorpuon after charging with potassmm or from the change in fluorescence. The
sensitivity and response speeds of this system are regarded as unsatisfactory.

*7. Kawabata in Anal. Chem Vol 62, pages 1528-1531 and 2054 to 2055, descnbes a
" 1iembrane system for the opueal determmanon of potassium using a hydrophoblc ion
e xchanger, namely 3,6-bis(dimethylamino)-10-dodecyl- or -10-hexadecylacridinium
Eromide. A change in fluorescence is achieved by changing the polarity in the
riicroenvironment of the sample, since the acridinium salts diffuse at the interface with
the aqueous phase due to ion exchange w1th the potassium ion. | | '

V/.E. Morf et al. in Pure & Appl. Chem., Vol. 61, No. 9, pages 1613 to 1618 (1989),
dzscribe the use of pH-sensiﬁve chromo- or fluoroionophores for the optical determination
of cations based on ion exchange reactions. The sensitivity of these systems is relatively
low, the measurement is hmdemd in optically dense systems, and relatively hlgh
concentrations of chromo- or fluoroionophores in the membrane are required.

K. Wang etal. in Analyucal Sclence, Vol. 6, pages 715 to 720 (1990), descnbe

1 embranes contammg an absorpnon dye (N ile Blue) as indicator substance for the optical
- easurement of metal cations. The system is based on an ion exchange mechanism which

rcduces the absorption by protonation of the dye. The sensitivity of the system is regarded

a: 100 low.

Hitherto, no systems _ha_ve-hee_n disclosed which have an ion e_xcha_nge mechanism for the.
optical measurement of ions and are based on the determination of the change in

fl 10rescence of a fluorophore and have high sensitivity, since the fluorescence quantum
yizlds and basicities of the known pH-sensitive fluorophores are 100 low._

The systems disclosed hitherto contain high-molecular-weight, hydrophobic polymers in
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combination with a plasticizer in the active coating in order to ensure rapid response times
and adequate sensitivities. In these membrane materials, the long-term stability and
repeated use are considerably restricted, since the plasticizer and other
low-molecular-weight constituents, for example ionophores or flubrophores, are washed
out in the course of time. Furthermore, low-moleéular—Weight substances can penetrate

into the membrane and render the sensor unusable.

It has now been found that certain acridine dyes and thodamine dyes surprisingly satisfy
these high requirements and are lipophilic, pH-sensitive and highly basic fluorophores
which are highly suitable, in a neutral polymer membrane together with an ionophore and
a counterion, for the determination of ions by the ion exchange mechanism and have a
fluorescence which is highly dependent on the corresponding ion concentrations. These
fluorophores are distinguished by a high fluorescence quantum yield, high basicity, a large
difference between the fluorescence signals of the protonated and deprotonated forms,
high lipophilicity, adequate photostability and suitable absorption and emission
wavelengths. Highly sensitive systems for the optical determination of ions on the basis of
fluorescence measurements can be provided. Furthermore, it has been found, surprisingly,
that the service life and use frequency can be considerably increased, since
plasticizer-free, hydrophobic polymers having a defined glass transition range can be
employed as the polymers in the membrane.

The invention relates to a composition 'comprising

(a) a transparent support '

(b) which is coated on at least one side with a transparent coating which comprises

(b1) a plasticizer-free, hydrophobic polymer having a glass transition temperature Tg of
from -150 to 50°C, '

(b2) counterions in the form of lipophilic salts,

(b3) an ionophore which forms a complex with the ion to be determined, and

(b4) a compound of the formula I or II as fluorophore

RiRoN
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in which R; and R, and R, and Rg are Cl-C30alkyl or Cl-Csoalkyl-CO- and R, and R5 are
‘Elor Cl-Cgoalkyl with the proviso that the total number of carbon atoms in the alkyl
groups is at least 5, and salts thereof with inorganic or organic acids.

The total number of carbon atoms in the alkyl groups is pr_cferably'at least 8, particularly
peferably at least 10, especially preferably at least 12.

I1. a preferred embodiment, Ry is H.

The alkyl groups cah be linear or branched and preferably contain 1 to 22 carbon atoms.
L near alkyl groups are preferred. Examples of alkyl are methyl, ethyl and the isomers of
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl undecyl, dodecyl tridecyl,

te radecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecy), eicosyl, heneicosyl,
dacosyl, tricosyl, tetracosyl and tricontyl. In a pmfeﬁéd embbdime‘nt, R; and R; are
C,i-Cyqalkyl or Cg-Cpalkyl-CO-, particularly preferably Cyo-Cysalkyl or

C o-Cpaalkyl-CO-, especially preferably Cy4-Cppalkyl or C14-Cpoalkyl-CO-, while R, is H.
In another embodiment, Ry is preferably H, and Ry and Rg are preferably Cy-Cpqalkyl,

~ perticularly preferably C;¢-Cy4alkyl, especially preferably C,4-Cpalkyl. In a further
embodiment, R, and Rs are preferably Cl-Csalkyl pamcularly preferably C;-Cjalkyl,
essecially preferably methyl or ethyl, and Rg is Cy¢-Cpgalkyl or C10-Cpqalkyl-CO-

prferably Cy4-Cppalkyl or Cy4-Cppalkyl-CO-, especially preferably Cls-Cnalkyl or
C,6-Cyoalkyl-CO-,

Tt e salts of the compounds of the formulac I and If can be denved, for example, from HF,
HCl, HBr, HI, H,SO,, HySOy, H3POs, H3P04, HNO,, HNO;, HCIO,, HBF,, HB(CgHs),,
HI'F¢, HSbFg, CF3SO5H, toluenesulfomc acid, C;-C4alkyl- or phenylphosphonic acid,
formic acid, acetic acid, propionic acid, benzoic acid, mono-, di- or trichloroacetic acid, or
mono-, di- or trifluoroacetic acid. Preference is given to HCI, HBr, H,SO,4, HCIO,, HBF,,
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HB(C6H5)4, HPF6 and HSbFs.

The compounds of the formulae I and I are novel and can be prepared in a manner known
per se from commercial 3,6-diaminoacridine by stepwise alkylatidn by means of various
alkylating agents or alkylation usixig one alkylating agent or acylating agent. Examples of
suitable alkylating agents are dialkyl sulfates or monohaloalkanes, in particular chloro-,
bromo- and iodoalkanes. Examples of suitable acylating agents are carboxylic'anhydrides
and in particular carboxylic acid halides, for example carboxylic acid chlorides. This
reaction can be carried out in the presence of inert polar and aprotic solvents, for example
ethers, alkylated acid amides and lactams or sulfones, and at elevated temperatures, for
example from 50 to 150°C. It is expedient to add a hydrogen halide scavenger, for
example alkali metal carbonates or tertiary amines, in particular sterically hindered
tertiary amines.

The compounds of the formula II can be obtained, for example, by reacting phthalic
anhydride with 2 mol equivalents of 3-monoalkylaminophenol. Another possible
preparation comprises reacting 3-monoalkylaminophenol with 1 mol equivalent of
2-hydroxy-4-dialkylamino-2'-carboxybenzophenone. These reactions are described, for
example, in US-A-4 622 400. The reaction is expediently carried out in an inert solvent,
for example hydrocarbons or ethers. Molar amounts of a condensation agént, for example
Lewis acids, concentrated sulfuric acid, perchloric acid or phosphoric acid, are
adirantageously added. The reaction temperatures can be, for example, from 50 to 250°C.

The compounds of the formula I can be isolated in a conventional manner by precipitation,
crystallization or extraction and purified, if necessary, by recrystallization or '
chromatography. They are crystalline, red, red-brown or red-violet compounds.

The compounds of the formulae I and I are highly suitable as fluorophoric dye indicators
for the optical determination of ions in an aqueous environment, in particular by
measurement of the change in fluorescence.

The compounds of the formulae I and I prcferably have a pK, value of at least 8,
particularly preferably at least 10. '

The support can be formed, for example; from a plastic material, for example
polycarbonate or acrylic sheeting, mineral materials or glass and can have any desired
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shape, for example plates, cylinders, tubes, tapes or fibres. Glasses are pfefened.

The thickness of the coating on the support can be, for example, from 0.01 to 100 pm,
preferably from 0.1 to 50 um, more preferably from 0.1 to 30 um, and particularly
preferably from 0.1 to 10 pm.

Various types of hydrophobic polymer are suitable for the composition, where the term
h sdrophobic indicates that the water content in the polymers is at most 15 % by weight,
preferably at most 10 % by weight, particularly preferably at most 5 % by weight,

e+ pecially preferably at most 3 % by weight, based on the polymer. They expediently have

a mean molecular weight of at least 5 000, preferably at least 10 000 and particularly
preferably at least 20 000 daltons, for example from 20 000 to 200 000 daltons, preferably -
from 50 000 to 200 000 daltons. The polymers must have adequate solubility in organic
sclvents so that they can be mixed with the other components and can be converted into
ccatings by conventional coating methods. They must furthermore be pénngablc to ions.
Tle glass transition temperature is preferably from -130 to 0°C. The dielectric constant of
thi: polymers is preferably from 2 to 25, particularly preferably from 5 t0 15, at 100Hz
and room temperature. The optical transparency is preferably in the range from 400 to
1200 nm, particularly preferably from 400 to 900 nm. : R

Suitable polymers are known to the person skilled in the art, They can be homopolymers,
copolymers, block polymers, graft polymers and polymer alloys. The components of a
po.ymer alloy may be a combination of two or more polymer components, said
coinponents having high and low glass transition temperatures. The glass transition
tenperature can be adjusted, for example, by means of the polarity and the chain length
an| content of structural units. The polymers can be selected, for example, from the group |
cousisting of polyolefins, polyesters, polyamides, polyethers, polyimides,
polyesteramides, polyamideimides, polyurethanes, polyethenirethanes, polyesterurethanes,
polyureas, polyurethaneureas and polysiloxanes, i it being possible for the polymers to

cor tain ionizable, basic groups (for example amino groups) or ionizable, acidic groups
(for example carboxyl or sulfonyl groups), which may be used as replacement for a
counterion of lipophilic salts and can provide improved ion transport.

Sorie examples of monomers for the preparation of polyolefins are C,-Cijolefins, acrylic
acl, methacrylic acid, maleic acid, maleic anhydride, C,-Csp esters of acrylic and
methacrylic acid, C;-C;9 amides of acrylic and methacrylic acid, acrylamide and
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methacrylamide, vinyl esters of C,-Cycarboxylic acids, acrylonitrile, butadiene, isoprene,
chlorobutadiene, styrene, o-methylstyrene, vinyl chloride, vinyl fluoride, vinylidene
chloride and vinyl ethers of C;-Cyqalcohols.

Polyesteré, polyesteramides and polyamides are preferably synthesized from
C,-C;dicarboxylic acids and C,-Cygdiols or -diamines. Polyimides are preferably
synthesized from C,-C,gtetracarboxylic acids and Cz-Clsdianiines. Polyethers are
preferably synthesized from aliphatic C,-C;,diols (1,2- or o.,-linking) or linear adducts of
these diols and Cg-Csodiglycidyl ethers. Polyurethanes and polyureas are preferably
synthesized from C,-C,gdiols or -diamines and C,-Cydiisocyanates and/or triisocyanates.
Polysiloxanes are preferably synthesized from di(C,;-C,)alkylsilyldichlorosilanes.

' In a preferred embodiment, the hydrophobic polymers are polyurethanes made from
polyethers of C3-Cgalkanediols and aliphatic, cycloaliphatic, cycloaliphatic-aliphatic,
aromatic-aliphatic or aromatic C,-Cyqdiisocyanates, for example from polytetrahydrofuran |
and bis(p-diisocyanatocyclohexyl)methane (Tecoﬂcx®).

In another preferred embodiment, the hydrophobic polymers are copolymers comprising
a) from 10 to 90 mol%, preferably from 20 to 80 mol%, particularly preferably from 30 to
70 mol%, of identical or different structural units of the formula III

Ry H
-_ I—%?— : (I,
COXRy Rg

and from 90 to 10 mol%, preferably from 80 10 20 mol%, particularly preferably from 70
to 30 mol%, based on the polymer, of identical or different structural units of the
formula IV, '
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in which Ry and Rg, independently of one another, are H or Cy-Calkyl, X is -O- o
-MR{y-, Ry is Cg-Capalkyl and Ry is H or Cy-Capalkyl; Ry and Ry, independently of one
ar other, are H, F, Cl or C;-C,alkyl, Rj5 and Ry, independently of one another, are H, F,
Ci, C;-Cqalkyl, -COOH, -COO-C;-Csalkyl, -CONHC;-Csalkyl or -CON(R,4)C,-Csalkyl,
orRyyisH and R;3 is -_CN » phenyl, chlorophenyl, C;-Cjjalkoxy or Cz-Cls_écylbxy.

R- is preferably H or methyl, and Rg is preferably H. Xi is prcferably -O- Rg is preferably
C,-C, galkyl. Examples of Ry are hexyl heptyl, octyl, 2-ethylhexyl nonyl ‘decyl, dodecyl,
tetradecyl, hexadecyl and octadecyl. '

R, is preferably H or methyl, R, is preferably H, and Ry is preferably H. Ry3 is
preferably -CN, phenyl COO-Cl-C431kyl Cl-C4a1koxy or. Cz-Csacyloxy Some examples
of acyloxy are aoetyloxy, proplonyloxy, butyroyloxy, pentanoyloxy and hexanoyloxy

Examples of suitable salts with lipophilic anions are alkali metal alkaline earth metal and
ammonium salts with substituted or unsubstituted teu'aphenylborates Preferred cations are
Li‘®, Na®, k©, Mg2®, Ca2® NI-I.,e and the ammonium cations of primary, secondary

* anc| tertiary amines and quatemary ammonium canons whlch can contain from 1 .to 60
carbon atoms. Some examples of ammonium cations are methyl-, ethyl-, propyl-, butyl-,.
he» yl-, octyl-, decyl-, dodecyl-, tetradecyl-, hexadecyl-, octadecyl-, dimethyl-, diethyl-,
dibutyl-, butylmethyl-, dioctyl-, didoceyl-, dodecylmethyl-, trimethyl-, triethyl-, tripropyl-,
tritutyl-, trioctyl-, tridodecyl-, dodecyldimethyl-, didodecylmethyl-, tetramethyl-,
tetraethyl-, tetrapropyl-, tetrabutyl-, tetrahexyl-, tetraoctyl-, tetradecyl-, tetradodecyl-, -
doc ecyltrimethyl-, octylmmethyl— didodecyldimethyl-, mdodecylmethyl—
tetradecyltrimethyl- and octadecyltrimethylammonium. Quaternary ammonium salts are

- preerred, in particular those having 4 to 43, preferably 4 to 24, carbon atoms. Other
suitable salts with lipophilic anions are alkali metal, alkalme earth metal and ammonium
salt; of anionic surfactants, for example of Cu—Cnfatty acids or Clz-Cna.lkylsulfomc

acic s, C5-Cyoalkylphosphates, C,-Cygalkylbenzoic acids, Cy-C,galkylphenylsulfonic

acic s or C4-C,galkylphenylphosphonic acids.

An :xample of a suitable borate anion is tetraphenylborate, whose phenyl groups may be
sub::tituted by one or more, preferably 1 to 3, particularly preferably 1 or 2, C;-C,alkyl,
C;-(4alkoxy, halogen, for example F or C, or trifluoromethyl groups. Some specific
exainples are tetraphenylborate, tetra(3,5-bistrifluoromethylphenyl)borate and
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tetra(4-chlorophenyl)borate. The salts with lipophilic anions serve as negative charge
compensation for the metal cations diffusing into the active coating and to be measured
therein in complexed form.

The salts with lipophilic anions can also be salts of polymers containing acidic or basic
groups, for example polysulfonic acids or polycarboxylic acids. These polymers can also
be structural units (randomly distributed structural units or block elements) of the
hydrophobic polymers.

The amount of salts with lipophilic anions can be, for example, from 0.01 to 10 % by
weight, preferably from 0.1 to 5 % by weight, particularly preferably from 0.1 to 2 % by
weight, based on the amount of polymer. '

The polymer coating (also referred to as membrane) contains an ionophore in, for
example, an amount of from 0.01 to 10 % by weight, preferably from 0.1 to 5 % by
weight, particularly preferably from 0.1 to 2 % by weight, based on the amount of
polymer. Ionophores are natural or synthetic organic compounds which contain a plurality
of, usually alternating, electron-rich heteroatoms, for example S, N and in particular O, in
linear or cyclic carbon chains and which are capable of selectively cbmplexing the ions to
be measured. The natural compounds are frequently macrocyclic compounds, for example
valinomycin, which is capable of selectively binding potassium cations. Another example
is nonactin. A large group of ionophores comprises macrocyclic polyethers.(crown ethers),
which are capable of complexing various metal cations, depending on the geomeli_'y and
size. Further examples of ionophores are coronandenes, kryptandenes and calixarenes.
Examples of open-chain ionophores are podandenes. Such ionophores are described, for
example, in US-A-4 645 744.

Examples of ionophores for anions are open-chain or macrocyclic polyamines (mono- and
polycyciic compounds, usually in protonated form as polycations or as quaternary
(poly)ammonium salts); open-chain or macrocyclic (mono- and polycyclic) polyamides;
open-chain or macrocyclic (cyclic) polypyridinium compounds; calixarenes;
cyclodextrins; cobyrinates and metal porphyrin complexes; open-chain or macrocyclic
‘metallocene compounds; mono- and polydentate ligand systems containing, for example,
B, Si, Al or Sn as complexing ligand atoms.

The -amount of compounds of the formulae I and II can be, for example, from 0.01 to 10 %
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by weight, preferably from 0.1 to 5 % by weight, particularly preferably from o 1102 %
by welght, based on the amount of polymer

T e fluorophores to be used according to the invention have very smtable absorption and
emnission wavelength 1 ranges which allow the use of lmown and inexpensive light sources,
fcr example halogen or xenon lamps or hght-emlmng diodes. Examples of detectors
which can be employed are photodmdes The fluorophores furthermore have high
absorption coefficients and high quantum yields can be achieved. The hxgh hpoph:hcity, '
high basicity and the large dynamic range of the change in fluorescence between the
protonated and deprotonated forms satisfy, in partmular the lngh reqmrements for opncal
d¢ termination of ions based on fluorescence measurements. Both cations and amons can
be determined.

E:.amples of suitable cations are cauons of metals from the first to fifth main groups and
th:: first to eighth sub-groups of the Periodic Table of the Elements, the lanthanides and
actinides. Some examples of metals are Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, B, Al, Ga, In,
Tl, Sn, Pb, Sb, Bl,Cu,Ag,Au.Zn,Cd,HE Sc, Y, Ti, Zr, Hf, Cr, Mo,W Mn, Fe, Co, Ni,
Ru, Os, Rh, I, Pt.Pd,La,Ce Pr, Nd, Pm, Sm,Eu,Gd,Tb Dy,Ho Er, Yb, Lu, Ac, Th,
Pa, U, Np and Pu. Preferred cations are thealkahandalkahneeanhmetallons,

pa-ticular Li®, Na®, K&, Mg?®, Ca?® and 59, very particularly K, Na® and Ca®.
Examples of suitable ammomum cations are NH4 and the cations of protonated primary,
secondary and tertiary amines and quaternary ammomum The amines can contain from 1
to 40, preferably from 1 to 20, parucularly preferably from 1 to 12, carbon atoms. The

qu uernary ammonium can contain from 4 to 40, preferably fmm 4 to 20, particularly
preferably from 4 to 16, carbon atoms. |

The anions to be measured can be derived from mineral acids, oxygen acids and i morgamc
complex acids. Examples are the halides andpseudohahdes Fe cS, B°, Ie N.S, |
C2'S, OCN® and SCN®; anions of inorganic oxygen acids NOZe N03e C0;2°,
PC,%©, 50,29, 10,8, MnO,;e and CIO,©; anions of inorganic complex acids
Fe(CN)¢# 4 ang Co(CN)6 ; anions of carboxyhc acids, phenols and nucleoude anions,
sw h as adenosine phosphate

Th: composition according 1o the invention is highly suitable as an optical sensor for the
qu: ntitative determination of ions, in particular cations, very parucularly metal cations, for
ex: mple potassium cations, in an aqueous environment, preferably by means of
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fluorescence spectrometry. The determinations can be carried out quickly with high
accuracy even for low concentrations (for example in the micromolar range to the
nanomolar range), since the pH-dependent equilibria of the complexing reactions and of
proton exchange become established quickly and the fluorophores are characterized by a _
high fluorescence quantum yield and sensitivity. The analyses can be carried out, for
example, directly in body fluids (blood, urine, serum), natural water or waste water, where
it may be possible for any interfering cations to be specifically bound or removed in
advance. The composition according to the invention is particularly suitable for the _
determination of physiological amounts, for example for potassium in the range from 0.5
to 10 mmol, of cations in aqueous media. By means of the anionic compounds of the
formula II, which generally have pK values of below 6, this property of fluorophore can be
used for the determination of anions, particularly halides, especially chloride, by the novel
detection method, since a pK range of below 6 and, for example, up to about 4 is
favourable for this detection. '

In addition to the preferred method of fluorescence spectroscopy, other optical
measurement methods may also be used, for example surface plasmoresonance
spectroscopy, absorption spectroscopy, reflection spectroscopy, interferometry or
surface-amplified Raman or fluorescence spectroscopy.

The invention furthennore relates to a composition comprising (a) a plasticizer-free,

hydrophobic polymer having a glass transition temperature Tg of from -150 to 50°C and
(b) a compound of the formula I or II as fluorophore

RyRN NHRs

/ °
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ir which R; and Ry, and R, and Rg are C;~Csgalkyl or C;-Csqalkyl-CO-, and R, and Ry are
H or C;-Cspalkyl, with the proviso that the total number of carbon atoms in the alkyl
gioups is at least 5, or salts thereof with inorganic or organic aads

(¢) an ionophore which forms a complex with the ion to be detennmed, and

(d) counterions in the form of hpoplnhc salts

The abovementioned preferences and embodiments apply to this composition. The
cemposition has a long shelf life and is a coating composition for the production of
SEeSOors. ' o .

Tt ¢ novel composition may additionally comprise inert solvents, where the concentration
of the composition in the solution is from 1 to 50 % by weight, preferably from 5 to 40 %
by weight, particularly preferably from 5 to 30 % by weight, based on the solution.

Examples of suitable inert solvents are protic-polar and aprotic solvents, which can be
use:d alone or in mixtures of at least two solvents. Examples are: ethers (dibuty] ether,
tet:ahydrofuran, dioxane, ethylene glycol monomethyl and' 'di'methyl ether, ethylene glycol |
mcnoethyl and diethyl ether, diethylene glycol diethyl ether, triethylene glycol damethyl |
etter), halogenated hydrocarbons (methylene chloride, chloroform, 1,2-dichloroethane,
1,1,1-trichloroethane, 1,1,2,2-tetrachloroethane), carboxylates and lactones (ethyl acetate,
methy] propionate, ethyl benzoate, 2-methoxyethyl acetate, y-butyrolactone,
3-valerolactone, pivalolactone), carboxamides and lactams (N,N-dimethylformamide,
N,{-diethylformamide, N,N-dimethylacetamide, tetramethylurea, hexamethylphosphoric
tri: mide, y-butyrolactam, e-caprolactam, N-methylpyrrolidone, N-acetylpyrrolidone,
N-1nethylcaprolactam), sulfoxides (dimethyl sulfoxlde), sulfones (dimethyl sulfone,
diethyl sulfone, trimethylene sulfone, tetramethylene sulfone), tertiary amines

(N- methylpiperidine, N-methylmorpholine), aliphatic and aromatic hydrocarbons, for
example petroleum ether, pentane, hexane, cyclohexane, methylcyclohexane, benzene or
substituted benzenes (chlorobenzene, o-dichlorobenzene, l,2,4-u'ithombénzéne,
nittobenzene, toluene, xylene) and nitriles (acetonitrile, propionitrile, benzonitrile,
phenylacetonitrile). The choice of a solvent depends essentially on the solubility of the
ind vidual components in the novel composition, which, as a coating for a sensor, should
givi: a highly homogeneous mixture. Preferred solvents are aprotic polar solvents.

The invention furthermore relates to an optical sensor for the determination of cations in
aqu sous measurement samples, in particular by means of fluorescence spectrometry,
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which comprises

(a) a transparent support,

(b) which is coated on at least one side with a transparent coating comprising

(b1) a plasticizer-free, hydmphoblc polymer havmg a glass transition temperature of from
-150 to 50°C,

(b2) a counterion in the form of a salt of a lipophilic anion,

(b3) an ionophore which forms a complex with the ion to be determined, and

(b4) a compound of the formula I or II as the fluorophore.

The abovementioned preferences and embodiments apply to the sensor.

The novel sensor is produced by coating the support. Conventional processes, for example
brushing, knife coating, dipping, spraying, pouring, curtain coating and spin coating, can

~ be used for this purpose. In order to improve adhesion, the support can be provided, before

the coating, with adhesion-promoting layers, for example by treatment with alkyl
chlorosilanes.

The invention furthermore relates to a method for the optical determination of ions in
aqueous measurement samples, in which a composition according to the invention is
brought into contact with said aqueous measurement sample, and then, in particular, the
change in fluorescence of the fluorophore in the active polymer coating is measured.

The process according to the invention can be carried out, for example, by immobilizing .
the composition 50cordin'g to the invention comprising support and active polymer coating
in an optical cell in which the active coating is brought into contact with the measurement '
sample. The optical cell contains a window through which the active coating can be
excited by irradiation and the emitted fluorescence radiation can be measured by means of
a spectrofluorometer. The wavelengths are adjusted so that the absorption is at a
maximum for the irradiation and the emission is at a maximum for the fluorescence
measurement. The intensity is measured as a function of time. The measurement system
can be designed so that the measurement is carried out discontinuously or continuously,

- for example by pumping the measurement solution through the measurement cell. In order

to determine unknown concentrations of cations, the system can first be calibrated by
means of measurement samples of known concentration, and the concentrations are
plotted as a function of the fluorescence intensity. It is expedient to add pH buffers to the
measurement sample, since the sensitivity of the measurement, and consequently also the
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f. uorescence intensity of the fluorophore, depends on the pH of the measurement solution
due to the pH-dependence of the abSorption spectrum. In another embodi‘ment,' this
pH-dependency can, however, also be determined and taken into account in the
calculation. The pH range of the measurement sample can be, for example, from 4 to 8,
more preferably from 6.5 to 7.5. Examples of suitable buffers are citrate buffers and .
phosphate buffers. Further buffer systems are described in US-A-4 645 744, in parﬁéular
including those which are incorporated directly into the active coaung in order to avoid
aldition to the measurement sample.

. The examples below illustrate the invention in greater detail.

A)) Preparation of fluorophores of the formulae I and I

E xample Al: Preparation of 3,6-bis(n-octylamino)acridine.

6.33 g of anhiydrous potassium carbonate are added to a solution of 2.5 gof =

3 6-diaminoacridine hydrochloride and 3.55 ml of 1-bromooctane in 50 ml of dimethyl
s1lfoxide, and the mixture is stirred at 80°C for 48 hours. The cooled reaction mixture is
s 1bsequently poured onto ice, and the brown suspension is extracted with methylene
caloride. The organic phase is washed with saturated aqueous NaCl solution and dried
over sodium sulfate. After evaporation, the red-brown il is chromatographed on silica gel
using methylene chloride/methanol (9:1). After evaporation of the solvent, the residue is
t: ken up in diethyl ether/methanol (10:1) and chromatographed on aluminium oxide. The
e.uate is taken up in methanol, 2N HCl is added, the mixture is extracted with diethyl

e her, and the ether phase is dried and evaporated. The residue is dxssolved in methylene
caloride, n-hexane is added, and the red crystalhne preclpnate formed is filtered off.
Further product can be isolated from the mother hquor after evaporation. The melting
point of the title compound is 245°C. Absorpnon spectrum (ethanol) Apax= 472 nm;

€ =51 400.

E xample A2: Preparation of 3,6-bis(n-eicosylamino)acridine.

2.53 g of anhydrous potassium carbonate are added to a solution of 2.5'g of -
3,6-diaminoacridine hydrochloride and 2.95 g of 1-eicosyl bromide in20 ml of
M,N’-dimethylethyleneurea, and the mixture s stirred at 50°C for 86 hours. The cooled
n:action mixture is subsequently poured into water, and the orange-brown suspension is
extracted with methylene chioride. The organic phase is washed with water and dried over
s dium sulfate. After evaporation, 2N HC is added to the brown oil. The red precipitate
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formed is filtered off, washed with water and then dried in a high vacuum. The resultant
red-brown crystals are taken up in methylene chloride/methanol (10: 1) and _
chrorhatographed on silica gel. After evaporation, the residue is taken up in diethyl
ether/methanol (10:1) and're-chromatographed on silica gel, giving the title compound as
red crystals, absorption spectrum (ethanol): A;,,,.= 472 nm; € = 42 200. ’

Example A3: Preparation of 3,6-bis(n-hexylamino)acridine.

298 mg of ground potassiﬁm hydroxide are added to a solution of 500 mg of
N,N’-bistosyl-3,6-diaminoacridine and 797 mg of 1-bromohexane in 25 ml of
dimethylformamide, and the mixture is stirred at 60°C for 22 hours. The cooled reaction
mixture is subsequently poured into water and extracted with ethyl acetate, and the
organic phase is separated off, washed with aqueous NaCl solution and then dried over
sodium sulfate. Evaporation gives a dark-red oil, which is taken up in toluene/ethyl acetate
(20:1) and chromatographed on silica gel. Evaporation of the solvent gives a yellow,
viscous oil, which is dissolved in 11.5 ml of glacial acetic acid, 4.6 ml of 97 % sulfuric
acid are added with water cooling, and the mixture is then stirred at room temperature for
15 hours. The red reaction mixture is poured into ice water and adjusted to pH 11 by
means of 30 % NaOH. The mixture is extracted with ethyl acetate, and the organic phase
is washed with 2N HCl and saturated aqueous NaCl solution and then dried over sodium
sulfate. After evaporation, the dark-red, viscous oil is taken up in t-butyl methyl
ether/methanol (5:1) and chromatographed on silica gel, giving the title compound as
orange-red crystals having a melting point of > 200°C (decomposition). IH-NMR
(CDCl3): 8.1 [s, 1H, C(9)]; 7.44 [d, 2H, C(8)}; 6.93 [s, 2H, C(5)); 6.82 [d, 2H, C(7)}]; 3.20
[t, 4H, N-CH,]; 1.68 [m, 6H, CHj].

Example A4: Preparation of 3,6-bis(n-heptylcarbonylamino)acridine.

3.1 ml of heptanoyl chioride are slowly added dropwise to a suspension of 2.5 g of
3,6-diaminoacridine hydrochloride in 50 ml of pyridine, and the mixture is then stirred for
30 minutes. The reaction mixture is subsequently poured into water. The yellow
suspension is extracted with methylene chloride, and the organic phase is washed with
aqueous saturated NaCl solution and dried over sodium sulfate. After evaporation, the
dark-red oil is taken up in methylene chloride/methanol (10:1) and chromatographed on
silica gel. The evaporated eluate is taken up in methylene chloride and added dropwise to
cyclohexane. The yellow precipitate formed is filtered off, washed with cyclohexane and
dried in a high vacuum, giving the title compound as yellow crystals having a melting
point of 243-244°C. Absorption spectrum (ethanol): A= 384 nm; € =2 300. -
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E::ample AS: Preparation of

a) A solution of 12.8 g of phthalic anhydride and 13.2 g of 3-N,N —d_iethylaminopiwnol is
strred at 110°C for 16 hours in 75 ml of toluene. "I’he'precipitaued product is filtered off

ar d recrystallized from ethanol, giving brick-red crystais of 1-carboxy-1’-hydroxy-3’-
dizthylaminobenzophenone (product A) having a melting point of 214°C.

b) A solution of 5.5 g of 3-aminophenol and 21.6 g of 1-bromoeicosane in 250 ml of
1,4-dioxane is stirred at 100°C for 48 hours. The mixture is evéporated in vacuo, and the
brown, gelatinous residue is taken up in toluene/ethyl acetate (10:1) and chromatographed
or: silica gel, giving 3-N-e1cosylammophenol as white crystals havmg a melung point of
8(°C. _

¢) 626 mg of product A and 790 mg of 3-N-e1cosylammophenol are stirred for 2 hours at
170°C in 5 ml of phosphoric acid (85 %). After cooling, a solution of 1 ml of concentrated -
HZlin 1 ml of methanol is added, and the mixture is subsequently extracted with
m:zthylene chloride. After removal of the solvent, the residue is taken up in methylene -

ct loride/methanol (85:15) and chromatographed on silica gel, giving the title compound as
red-violet crystals having a melung point of 115°C. Absorpnon spectrum (ethanol)

A, 1ax= 532 nm; € =90 000.

E cample A6: Preparation of -
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a) A solution of 5.45 g of 3-aminophenol and 11.6 g of 1-bromooctane in 250 ml of _
dioxane is stirred at 100°C for 80 hours, the solvent is then evaporated, and the residue is
then taken up in toluene/ethyl acetate (10:1) and chromatographed on silica gel, giving
N-octylaminophenol as beige crystals, melting point 75°C.

~ b) 1.1 g of N-octylaminophenol and 0.37 g of phthalic anhydride are melted together at
100°C. 1 ml of phosphoric acid (85 %) is added to the melt, which is then heated to
170°C. After 1 hour, the mixture is allowed to cool, and 2N HCl is added. The mixture is
extracted with methylene chioride, the solvent is removed, and the red residue is taken up
in methylene chloride/methanol (85:15). Chromatography on silica gel gives the title
compound as red crystals having a melting point of 183°C. Absorption spectrum (ethanol):
Amax= 522 nm; € =73 700. :

' Example A7: Preparation of
o)
90¢
| ‘ COOH

a) 1.57 g of product A from Example A5a, 0.55 g of 3-aminophenol and 10 ml of
phosphoric acid (85 %) are stirred for 30 minutes at 170°C. 6.7 ml of perchloric acid

(50 %) and 100 ml of methanol are then added, the mixture is re-heated, and the solvent is
then removed in vacuo. The residue is taken up in methylene chloride, the solution is

(C,Hg)oN N-CO-n-C7Hgs

HCIO,

washed with water, and the solvent is removed again. The residue is taken up in methylene
chloride/methanol (10:1) and chromatographed on silica gel, giving red crystals of
compound B of the formula '
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having a melting point of 175°C.

b1 0.1 g of compound B is dissolved in 1 ml of methylene chlonde and 0.3 ml of pyndme,
aind 100 mg of stearoyl chloride are added. After 3 hours, the mixture is evaporated to
d-yness in vacuo, and the residue is dissolved i in methylene chlonde/methanol (85:15) and
cliromatographed on silica gel gwmg the utle compound as red crystals havmg a melting B
point of 145°C. Absorption spectrum (ethanol): A= 560 nm; ¢ = 10900.

B) Preparation of polymers

E:amples B1 to B7:

The monomers listed in Table 1 are introduced into an ampoule in the stated mixing ratios
together with 0.1 % by weight of a,o-azobisisobutyronitrile. In order to remove oxygen,
th: ampoule is evacuated and filled with nitrogen a number of times, then sealéd, warmed
to 60°C and left at this temperature for 48 hours. The mixture is then cooled and dissolved
in ten times the amount (based on the monomers) of tetrahydrofuran (THF). This solution
is transferred into 20 times the amount of methanol, and the precipitated polymer is then
fil:ered off. The dried polymer is re-dissolved in THF and precipitated using methanol,
searated off and then dried in vacuo for 48 hours.

In Table 1 below, the following abbreviations are used: AN = acrylonitrile,

DcdMA = dodecyl methacrylate, EHA = ethylhexyl acrylate, MMA = methyl

m¢ thacrylate, VAC = vinyl acetate. The inherent viscosity (IV) is determmed at25°Cina
s0] uuon of 0.5 % by welght of polymer in THE.

Tadle 1:

Example DodMA AN  VAC FEHA MMA VYield IV
No. (mol%) (mol%) (mol%) (mol%) (mol%) (%bbywt) - (Vg
Bl 50 25 25 - - 76 1.765
B2 60 20 20 @ - - 50 0.229
B3 40 12 8. - - 66 1.075
B4 40 6 54 . - 52 1.092
BS 40 40 - - 20 87 2.560
B6 . 40

20 40 .- 90 1.386
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Examp les B6 and B7:
The procedure is as in Examples B1-B6, using ethyl acetate (EA), acrylonnnle (AN) and

ethylhexyl acrylate (EHA). The results are shown in Table 2.

Table 2

Example EA AN - EHA Yield | v
No. (mol%) (mol%) (mol%) (% bywt.) di/g)
B7 90 10 - 54 1.394
B8 - 10 90 82 0.663

O) Production of coated SUppOTts

Examples C1-C8:

a) Support material

The support material used is pretreated glass. Circular glass sheets (diameter 18 mm,
thickness 0.17 mm) are immersed for one hour in a solution of 10 % by volume of
dimethyldodecylchlorosilane in isopropanol. The glass sheets are then each washed one
after the other with 200 ml of isopropanol, ethanol and methanol and dried at 1 10°C for
1 hour. The hydrophobicized surface has better adhesion of the membrane coating.

b) Preparation of the coating solution.

The following constituents are introduced into a 2 ml bottle together with teu'ahydrofuran
(THF) and shaken until the components have dissolved. The ﬂuorophore used is the
compound of Example AS.

Example C1: 125 mg of polymer from Example B1, 1.0 mg of fluorophore, 1.5 mg of
valinomycin, 1.2 mg of potaésium tetrakis[3,5-(trifluoromethyl)phenyljborate, 3 ml of
THF.

Example C2: 100 mg of p_olymex; from Example B2, 1.0 mg of fluorophore, 1.5 mg of
valinomycin, 1.2 mg of potassium tetrakis[3,5-(trifluoromethyl)phenyljborate, 2 ml of
THF. '

Example C3: 40 mg of poiymer from Example B3, 1.5 mg of fluorophore, 1.5 mg of
valinomycin, 1.2 mg of potassium tetrakis[3,5-(trifluoromethyl)phenyl]borate, 2 ml of
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THF.

E:cample C4: 38 mg of polymer from Example B4, 1.5 mg of flugrophore, 1.5 rhg of
vilinomycin, 1.2 mg of potassium tetrakis[3,5-(trifluvoromethyl)phenyljborate, 2 ml of
THF.

E;:ample C5: 50 mg of polymer from Example B7, 1.5 mg of ﬂuorophore, 1.5 mg of
valinomycin, 1.2 mg of potassium tetrakis[3,5- (mﬂuoromethyl)phenyl]borate 2 ml of
TIHF.

Example C6: 20 mg of polyurethane Tecoflex® (Thermedics Inc. , Woburn) having a Tg
of -70°C, 0.5 mg of fluorophore, 0.24 mg of valinomycin, 0.2 mg of potassmm

' tet rakis[3,5-(triflucromethyl)phenyl]borate, 1 ml of THF.

Example C7: 100 mg of polyurethane Tecoflex® (Thermedics Inc., Woburn) héving aTg
of -70°C, 3 mg of fluorophore, 50 mg of diethyl N,N-[(4R,5R)-4,5-dimethyl-1,8-dioxo-
3,¢-dioxaoctamethylene)bis(12-methylamino)dodecanoate (calcium ionophore, Fluka
21102), 6 mg of potassium teirakis[3;S-(uiﬂuoipmethyl)phexiyl]borate, 2 ml of THF.

c) ’roduction of coated glass supports. _

The glass supports are clamped in the chamber of a spm-coanng apparatus (Optocoat OS
35var, Willer Company, CH-8484 Welsshngen) The chamber is rinsed with 10 ml of
tetrahydrofuran and rotated for 2 minutes at 3 800 revolutions/minute. 50 yl of the

par icular coating solution are then pipetted onto the glass support, and the glass support is
rot: ted for a further 10 seconds. The glass support coated with a membrane is then |
renr oved and dried for 10 minutes in air.

D) :Jetermination of ion concentrations

Examples D1 to Dé6:
The coated glass supports are clamped in an opucal cell in which the membrane is in

con :act with the measurement liquid. The membrane can be opucally excited in the optical
cell and the fluorescence radiation measured. The optical cell is introduced into a
spectrofluorometer (Perkin-Elmer LS-SO) The absorpuon and emission wavelengths are
adju sted to the correspondmg maxima of the ﬂuomphores employed in the membrane.
The membrane is brought into contact with an aqueous KCl soluuon or CaC12 solution of
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defined concentration by pumping the solution through the cell at a rate of 1 ml/min and
determining the-change in fluorescence intensity. Before the measurement and after each
measurement, the cell is rinsed with potassium ion-free buffer solutions and the
fluorescence intensity is determined in order to define the base liné. The fluorescence
intensity (measured as the change in voltage in the photodiode) in per cent at the
respective potassium concentration for the fluorophore of Example A5 (membrane B1)
and various compositions as in Examples C1-C7 is shown in the tables below. '

* Example D1 (membrane C2):
Potassium concentration (mM) Fluorescence (volts)
0.00 432
0.1 3.96
0.5 3.67
1.0 3.52
3.0 ' 3.46
50 3.33
7.0 3.23
100 - 315
Example D2 (membrane C6):
Potassium concentration (mM) Fluorescence (volts)
0.00 5.30
0.1 : 3.20
0.5 1.70
1.0 1.20
3.0 0.50
50 0.40
7.0 0.30

10.0 0.20
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E:cample D3 (membrane C1);

Potassium concentration (mM)
0.00

0.5
- 4.0
10.0

E::ample D4 (membrane C4):

Potassium concentration (mM)

0.00
0.5
4.0
10.0

E»:ample D5 (membrane C5):

Pctassium concentration (mM)
0.00

" 05
4.0
10.0

E:x:.ample D6 (membrane C7):

Pctassium concentration (mM)

0.00
0.1
0.5
1.0
3.0
5.0
7.0
10.0

-22-

Fluorescence (.volts?) - |

Fluorescence (volts)

Fluorescence (volts_)

Fluorescence (volts)

6.89
4.00
2.89
1.89

6.80
4.50
3.20
2.50

3.00
2.40
2.25
2.15

1.55
0.96
0.75
0.65
0.50
0.45
0.40
0.38

PCT/IB95/00159
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WHAT IS CLAIMED IS:

1. A composition comprising

(a) a transparent support

(b) which is coated on at least one side with a transparent coating which comprises

(b1) a plasticizer-free, hydrophobic polymer having a glass transition temperature Tg of
from -150 to 50°C,

(b2) counterions in the form of lipophilic salts,

(b3) an ionophore which forms a complex with the ion to be determined, and

(b4) a compound of the formula I or II as fluorophore |

RyR,N

NHR,

- (),

in which R, and R3, and R4 and Ry are C;-Csqalkyl or C;-Csqalkyl-CO-, and R, and R are
H or C;-Csalkyl, with the proviso that the total number of carbon atoms in the alkyl
groups is at least 5, or a salt thereof with an inorganic or organic acid.

2. A composition according to claim 1, wherein RyisH.

3. A composition according to claim 1, wherein the alkyl groups are linear alkyl groups.

4. A composition according to claim.l, wherein the alkyl groups contain 1 to 22 carbon
atoms. '

5. A composition according to claim 1, wherein R, and Ry are Cg-Cypyalkyl or
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C ¢-Cyqalkyl-CO-, and R, is H.

6 A composition according to claim 5 wherein R; and R5 are Cm-OMalkyl or
C10-Cay2lkyl-CO-

7 A composition accordmg to claim 5 wherein R; and R; are Cu-(};_zalkyl or
C 14-Cyaalkyl-CO-.

8 A composition according to claim 1, wherein Ry is H and R, and Rg are Cg-Cgalkyl.
9 A composition according to claim 8, wherein Ry and R4 are C;5-Cyqalkyl.
1. A composition according to claim 9, wherein R, and Rg are Cj,-Cypalkyl.

11. A composition according to claim 1, wherein R, and Rg are Cl-CGalkyl and Rgis
C10-Caaalkyl or C;o-Cpaalkyl-CO-.

12. A composition according to claim 11, wherein R, and Rs are C,-C,alkyl, and Rg is
C14-Caaalkyl or Cy4-Cyoalkyl-CO-.

13. A composition according to claim 12, wherein R4 and R5 are mcthyl or ethyl, and Rg is
C16-Capalkyl ar Cy6-Cpoalkyl-CO-.

1.4. A composition according to claim 1, wherein the salt of the compound of the formula I '
o: 11 is derived from HF, HC, HBr, HI, H;SO;, HZSO4, H3P03 H3PO,, HNO,, HNO,,

E ClO,, HBF,, HPF4, HSbF,, CF3SO3H, I-IB[C5P15]4, toluenesulfonic acid, C;-C,alkyl-or
pienylphosphonic acid, formic acid, acetic acid, propionic acid, benzoic acid, mono-, di-
o trichloroacetic acid, or mono-, di- or trifluoroacetic acid.

15. A composition according to claim 14, wherein thie salt of the compound of the formula
I or IT s derived from HCI, HBr, H,SO,, HCIO,, HBF,, HPF¢, HB[CqH], or HSbFj,

15. A composition according to claim 1, wherein the compound of the formula I or I has a
pK, value of at least 8. '

17. A composition according to claim 16, wherein the pK, value is at least 10.
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18. A composition according to claim 1, wherein the support is a glass. '

19. A composition according to claim 1, wherein the thickness of the coating on the
support is from 0.01 to 100 um.

20. A composition according to claim 1, wherein the hydrophobic polymer has a
molecular weight of at least 5 000 daltons.

21. A composition according to claim 1, wherein the hydrophobic polymer is selected
from the group consisting of the polyolefins, polyesters, polyamides, polyethers,
polyimides, polyesteramides, polyamideimides, polyurethanes, polyethetuiethanes,
polyesterurethanes, polyureas, polyurethaneureas and polysiloxanes.

22. A composition according to claim 21, wherein the polymers contain ionizable basic or
acidic groups.

23. A composition according to claim 21, wherein the hydrophobic polymers are
polyurethanes made from polyethers of C;-Cgalkanediols and aliphatic, cycloaliphatic,
cycloaliphatic-aliphatic, aromatic-aliphatic or aromatic C,-Cyqdiisocyanates.

24. A composition according to claim 21, wherein the hydrophobic polymers are

copolymers comprising
a) from 10 to 90 mol% of identical or deferent structural units of the formula ITT

R, H
b
|

COXRy Ry

(1),

and from 90 to 10 mol% based on the polymer, of identical or different sn-hctural units of
the formula IV,



WO 9sneso1 - PCT/IB95/00159
S chd st

] mm lllll mim-— 26

Ro Ry
_L_C_

Rl3 R12

V),

ir. which R, and Rg, independently of one another, are H or C;-Calkyl, X is -O- or
-lNRy4-, Ry is Cg-Caoalkyl and Ry is H or Cj-Cppalkyl; Ryq and R, independently of one
another, are H, F, Cl or C;-C4alkyl, Ry, and Ry3, independently of one another, are H, F,
C1, C1-Calkyl, -COOH, -COO-Cy-Csalkyl, -CONHC;-Csalkyl or -CON(R,,)C;-Csalkyl,
o Ry, is H and Ry3 is -CN, phenyl, chlorophenyl, CI_-C'mailkoxy or C,-Cygacyloxy.

25. A composition according to claim"l wherein the salt with a lipbphilic anion is an
a kali metal, alkaline earth metal or ammonium salt with a subsututed or unsubstituted
te traphenylborate.

25. A composition accordmg to clalm 25, wherein the cation is Li®, Na®, k®, Mgze
Ca2®, NH.;69 or an ammonium cation of a primary, secondary or temary amine ora
qiaternary ammonium cation containing 1 to 40 carbon atoms.

27. A composition according to claim 25, wherein the borate anion is tetraphenylborate,
whose phenyl groups are unsubstituted or substituted by one or more C,-C,alkyl,

Cy-Cgqalkoxy, halogen or trifluoromethyl groups.

23. A composition according to claim 25, wherein the borate anion is ten'aphenylborété,
te tra(3,5-bistrifluoromethylphenyl)borate or tetra(4-chlorophenyl)borate.

2. A composition according to claim 16, wherein the amount of the salt with a lipophilic
anion is from 0.01 to 10 % by weight, based on the amount of polymer.

3(). A composition according to claim 1, wherein the polymer coating contains an _
ic nophore in an amount of from 0.01t1010% by welght, based on the amount of polymer

3 L. A composition according to claim 1, wherein the potassmm ionophore is valinomycin.

3. A composition according to claim 1, wherein the amount of the compound of the
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formula I or II is from 0.01 to 10 % by weight, based on the amount of polymer.

33. A composition according to claim 32, wherein the amount of the compound of the
formula I or II is from 0.1 to 5 % by weight.

34. A composition according to claim 32, wherein the amount of the compound of the
formula I or II is from 0.1 to 2 % by weight.

35. A composition according to claim 1, wherein the total number of carbon atoms in the
alkyl groups is at least 10. '

36. A composition according to claim 1, wherein the total number of carbon atoms in the _
alkyl groups is at least 12.

37. A composition comprising (a) a plasticizer-free, hydrophobic polymer having a glass
transition temperature Tg of from -150 to 50°C and

(b) a compound of the formula I or II as fluorophore

R;R,N ' NHR3

SOOANE

a,

in which R; and R3, and R4 and R¢ are C;-Cypalkyl or C;-Csgalkyl-CO-, and R, and R are
H or C;-Cypalkyl, with the proviso that the total number of carbon atoms in the alkyl
groups is at least 5, or a salt thereof with an inorganic or organic acid,

(c) an ionophore which forms a complex with the ion to be determmed, and

(d) counterions in the form of lipophilic salts.
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33. An optical sensor for the determination of ions in aqueous measurement samples, in |
p irticular by means of fluorescence spectromeuy, which comprises

(:)) a transparent support :

(1)) which is coated on at least one side with a transparent coanng which comprises
(hDa plasuclzer-ﬁ-ee hydrophobic polymer havmg a glass transmon tempemmre Tg of
fiom -150 to 50°C, ' ,

(12) the salt of a lipophilic anion,

(13) an jonophore which forms a complcx with the ion to be determmcd and

(1»4) a compound of the formula I or II as fluorophore.

39. A method for the optical determination of ions in aqueous measurement samples, in
which a sensor according to claim 38 is brought into contact with said aqueous ,
nieasurement sample, and the change in fluorescence of the ﬂuoi'ophbre in the active
polymer coating is then measured. '



