
W095/26501 PCT/IB95/00159 

Optical sensor for the determination of ions 

The invention relates to a sensor for the optical detennination of ions, for example cations 

from the group consisting of metal and ammonium cations, or for example 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 rhodamines 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 plasticizer 

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 elecaical 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 fluorescein), whose fluorescence changes due to the change in the electron 

state and can be detennined 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 the 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, 

depending on the choice of wavelength, either the reduction ill 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. 
i\. significant disadvantage of the process is the low sensitivity of the system, due to the 
. ow fluorescence quantum yield of the indicator dye used. 

:.N. Roe in Anllyst, Vol. 115, pages 353 to 358 (1990), describes a system based on 

c :nergy transfer due to complex formation of the fluorescence dye used with the anionic 
1 ·orm of a cert8in indonaphthol, which itself forms a ternary complex with the 

J 1otassium-charged ionophore. The potassium is detennined ,by measuring the change in 
1.bsorption after charging with potassium or· from the change in fluorescence. The 

! ensitivity and response speeds of this system are regarded as unsatisfactory. 

~~.Kawabata in Anal. Chem. Vol. 62, pages 1528-1531and2054 to 2055, describes a 
. . . . 

r 1embrane system for the optical determination of potassium using a hydrophobic ion 
exchanger, namely 3,6-bis(dimethylamino)-10-dodecyl- or~ 10-hexadecylacridinium 
t romide. A change in fluorescence is achieved by changing tile p0larity in the 

r, iicroenvironment of the sample, since the acridinium salts diffuse at the interface with 
ti ie aqueous phase due to ion exchange with the potassium ion. 

,I.E. Morf et al. in Pure·& Appl. Chem., Vol. 61, No. 9, pages 1613 to 1~18 (1989), 
d ~scribe the use of pH-sensitive chromo- or fluoroionophores for the optical detennination 
of cations ba~ on ion exchange reactions. The sensitivity of these systems is relatively 

l< 1w, the measurement is hindered in optically dense systems, and relatively high 
ci>ncentrations of chromo- or fluoroionophores in the membrane are required. 

K. Wang et al. in Analytical Science, Vol. 6, pages 715 to 720 (1990), describe 
. : . . . 

11 embranes containing _an absorption dye (Nile Blue) as indicator substance _for the optical 
II easurement of metal cations. The system is based on an ion exchange mechanism which 

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

iu toolow. 

H itheno, no systems have· been disclosed which have an ion exchange mechani$m for the 

OJ 1tical measurement of ions and are based on the detennination of the change in 
fl' iorescence of a fluorophore and have high sensitivity, since the fluorescence quantum 

yi ~Ids and basicities of the known pH-sensitive fluorophores are too low. 

Tl 1e 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 adetj_uate sensitivities. In these membrane materials, the long-tenn stability and 

repeated use are considerably restricted, since the plasticizer and other 
! 

low-molecular-weight constituents, for example ionophores or fluorophores, are washed 

out in the course of time. Furthennore, low-molecular-'Weight substances can penetrate 

into the membrane and render the sensor unusable. 

It has now been found that certain aCridine dyes and rhodamine dyes surprisingly satisfy 

these high requirements and are lipophilic, pH-sensitive and highly basic fluorophores 

which are highly suitable, in a neuttal 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 fonns, 

high lipophilicity, adequate photostability and suitable absorption and emission 

wavelengths. Highly sensitive systems for the optical detennination 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 

(bl) a plasticizer-free, hydrophobic polymer having a glass transition temperature Tg of 

from -150 to 50°C, 

(b2) counterions in the fonn of lipophilic salts, 

(b3) an ionophore which fonns a complex with the ion to be detennined, and 

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

NHR3 

(I), 
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(II), 

i11 which R1 and R3, and R.. and~ are Cr~oaJkyl or Cr~oalkYl-CO-, and R2 and R5 are 

· E or Ci-yoaJkyl, 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 preferably at least 8, panicularly 

p:-eferably at least 10, especially preferably at least 12 

Ir. a preferred embodiment, R2 is H. 

T 1e alkyl groups can 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 

pt opyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, 

te :radecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl, 

d<icosyl, tricosyl, tetracosyl and tricontyl. In a preferrCd embodiment, R1 and R3 are 

C1 ;-Ci4alkyl or C6-~alkyl-CO-, particularly preferably C10-C24alkyl or 

C .. o-Ci4alkyl-CO-, especially preferably C14-Cnalkyl or C14-Cnalkyl-CO-, while R2 is H. 

In another embodiment, Rs is preferably H, and R.i and~ are preferably C0 Ci4alkyl, 

particularly preferably C10-Ci4alkyl, especially preferably C14-Ciialkyl. In a funher 

embodiment, R.. and Rs are preferably CrC6alkyl, particularly preferably CrC4alkyl, 

es Jecially preferably methyl or ethyl, and ~ is C10-Ci4alkyl or C10-Ci4a1kyl-CO-, 

prr~ferably C14-CnalkYl or C14-CnalkYl-CO-, especially preferably C16-~2alkyl or 

Ci 5-Cnalkyl-CO-. 

n e salts of the compounds of the fonnulae I and II can be derived, for example, from HF, 

HCl, HBr, HI, H2SO:J, H2S04t H3PO:J, H~4, HNOi, HN~, H004, HBF4, HB(~H5)4, 

ID •F6, HSbF6, CF3S~H, toluenesulfoiiic acid, Ci-C4alkyl- or phenylphosphonic acid, 

fo1 mic acid, acetic acid, propionic acid, benzoic acid, mono-, di- or trichloroacetic acid, or 

m< 1no-, di- or trifluoroacetic acid Preference is given to HCl, HBr, HiS04, HC104, HBF4, 
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The compounds of the fonnulae I and ll are novel and can be pre~ared in a manner known 

per se from commercial 3,6-diaminoacridine by stepwise alkylation by means of various 

alkylating agents or alkylation using one alkylating agent or acylating agent. Examples of 

suitable alkylating agents are d.ialkyl 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 cmied 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 cmied out in an inert solvent, 

for example hydrocarbons or ethers. Molar amounts of a condensation agent, for example 

Lewis acidsy concentrated~ acid, perchloric acid or phosphoric acid, are 

advantageously added. The reaction temperatures can be, for example, from 50 to 250°C. 

The compounds of the fonnula 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 aQ.d II 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 ll preferably have a pK4 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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s nape, for example plates, cylinders, tubes, tapes or fibres. Glasses are prefened. 

1 'he thickness of the coating on the support can be, for example, from 0.01 to 100 µm, 

preferably from 0.1 to SO µm, more preferably from 0.1 to 30 µm, and particularly 
p!'eferably from 0.1to10 pm. 

Various types of hydrophobic polymer me suitable for the composition, where the term 

h: 'drophobic 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 9b by weight, based on the polymer. They expediently have 
a mean molecular weight of at least S 000, preferilbly at least lO 000 and particularly 
pi eferably at least 20 000 daltons, for example from 20 000 to 200 000 daltons, preferably 
fii >m 50 000 to 200 000 daltons. The polymers must have adequate solubility in organic 
sc lvents so that they can be mixed with the other components and can be converted into 
cc atings by conventional coating methods. They must furthennore be permeable to ions. 

n Le glass transition temperature is preferably from -130 to 0°C. The dieleetric constant of 
th1~ polymers is preferably from 2 to 25, particularly preferably from 5 to 15, at 100 Hz 

and room temperature. The optical transparency is preferably in the range from 400 to 
12 00 nm, particularly preferably from 400 to 900 nm. 

Suitable polymers are known to the person skilled in the art. They can be homopolymers, 

COJ >Olymers, 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 
coi nponents having high and low glass transition temperatures. The glass transition 
tell 1perature can be adjusted, ·for example, by means of the polarity and ·the chalii length 

ant l content of structural units. The polymers can be selected, for example, from the group 
COJ LSisting of polyolefins, polyescers. polyamides, polyethers, polyimides, 
pol yesteramides, polyamideimides, polymethanes, polyethenirethaltes, polyesterurethanes, 

pol yureas, polymethaneureas and polysiloxanes, it being possible for the polymers to 

cor. tain ionizable, basic groups (for example amino groups) or ioniz.able, acidic groups 

(fa· example carboxyl or sulfonyl groups), which may be used as replacement for a 
cot nterion of lipophilic salts and Can provide improved ion transpon. 

Sm te examples of monomers for the preparation of polyolefins are Ci-C12olefins, acrylic 

aci< ~ methacrylic acid, maleic acid, maleic anhydride, Cr~o esters of acrylic and 

mel hacrylic acid, Cr~o amides of acrylic and methacrylic acid, acrylamide and 
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methacrylamide, vinyl esters of C1-C20carboxylic acids, acrylonitrile, butadiene, isoprene, 

chlorobutadiene, styrene, a-methylstyrene, vinyl chloride, vinyl fluoride, vinylidene 

chlotide and vinyl ethers of C1-~oalcohols. 

Polyesters, polyesteramides and polyamides are preferably synthesized from 

Ci-C12dicarboxylic acids and Ci-C1sdiols or -diamines. Polyimides are preferably 

synthesized from Ci-C18tetracarboxylic acids and Ci-C1sdiamines. Polyethers are 

preferably synthesized from aliphatic CrC12diols (1,2-or a,m-linking) or linear adducts of 

these diols and C8-~o<figlycidyl ethers. Polyurethanes and polyureas are preferabiy 

synthesized from Ci-C1gdiols or -diamines and Ci-Ciodiisocyanates and/or triisocyanates. 

Polysiloxanes are preferably synthesized from di(C1-C4)alkylsilyldichlorosilanes. 

· In a preferred embodiment, the hydrophobic polymers are polyurethanes made from 

polyethers of Cr~alkanediols ·and aliphatic, cycloalipbatic, cycloaliphatic-aliphatic, 

aromatic-aliphatic or aromatic Ci-Ciocf.iisocyanates, for example from polytetrahydrofuran 

and bis(p-diisocyanatocyclohexyl)methane (Tecotlex®). 

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 ot different structural units of the formula m 

R7 H 

-1 L 
I I 

(ill), 

COXR, Rs 

and from 90 to 10 mol%, preferably from 80 to 20 mol%, particularly preferably from 70 

to 30 mol%, based on ·the polymer, of identical or different structural units of the 

formula IV, 

Rio Ru 

-1 I 
0- (IV), 

I I 
R13 R12 
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in which R7 and R8, independently of one another, are Hor CrC4alkyl, X is -~ or 

-NR{4-, ~is ~-~I and Ri4 is Hor CrCioa!kYl; Rio and R.i1• independently of one 

ar other, are H, F, a or C1-C4aJkyl, R12 and R13, independently Qf one another, are H, F, 

CJ, CrC4alkyl, -COOH, -000-Ci-Csalkyl, -CONHCrCsalkyl or -CON(R14)C1-C5alkyl, 

or R12 is Hand R13 is ~CN, phenyl, chlorophenyl, CrC12alkoxy or C2-C18acyloxy. 

. : . 

R-; is preferably Hor methyl, mid Rs is pieferably H. X is preferabiy -0-. ~··is. xxeferably 

CcC18alkyl. Examples of~ are hexyl, heptyl, octyl, 2-ethylhexyl, nonyl; decyl, dodecyl, 

tet radecyl, hexadecyl and Octadecyl. 

R1 :>is preferably Hor methyl, R11 is prefCf;ibly H, and R12 is preferably H. R13is 

preferably -CN, phenyl, -COO-CrC..alkyl, Ci-C..alkoxy or Ci"'.'C6acyloxy. Some examples 

of acyloxy are acetyloxy, propionyloxy, butyroyloxy, pentanoyloxy and hexanoyloxy. 

Ex unples of suitable salts with lipophilic anions are alkali metal, alkaline earth metal and 

ammonium salts with substituted or unsubstituted tetraphenylborates. PrefeITed cations are 

LiE 9, Nae, Ke, Mg2e, Ca2e, ~e. and the ammonium cations of primary, secondary . . ' . . . 

ancl tertiary amines and quaternary ammonium cations which can contain from I. to 60 

carbon atoms. Some examples of ammonium cations are methyl-, ethyl-, propyl-, butyl-, 

he> yl~, octyl-, decyl-, dodecyl-, tetradecyl-, hexadecyl ... , octadecyl-, dimethyl-, diethyl-, 

dib 11tyl-, butylmethyl-, dioctyl-, didoceyl-, dodecylmethyl.;, trimethyl-, triethyl-, tripropyl-, 

tributyl-, trioctyl-, tridodecyl-, dodecyldimethyl-, didodecylmethyl-, te~ethyl-, 

tetraethyl-, tetrapropyl-, tetrabutyl-, tetrahexyl-, tetraoctyl-, tetradecyl-, tetradodecyl-, 

doe ecylttimethyl-, octylttimethyl-, didodecyldimethyl-, ttidodecylmethyl•, 

tetrldecyltrimethyl- and octadecyltrimethylammonium. Quaternary ammonium salts are 

· pre: :Cn:ed, in particular those having 4 to 48, preferably 4 tQ _24,: carbon atoms. Other 

suit able salts with lipophilic anions are alkali metal, alkaline e.mi metal and ammonium 

salt; of anionic surfactants; for example of C12-Cnfatty acids or C1rCnalkylsulfonic 

acic s, C12-CnalkYlphosphates, C4-C1galkylbenzoic acids, C4-C1galkylphenylsulfonic 

ack s or C4-C18alkylphenylphosphonic acids. 

An , :oounple of a suitable borate anion is tetraphenylborate, whose phenyl groups may be 

sub: :ti.tuted by one or more, preferably 1 to 3, particularly preferably 1 or 2, Ci-C4alkyl, 

C1-( ~4alkoxy, halogen, for example For Cl, or trifl.uoromethyl groups. Some specific 

exai nples 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 co~taining acidic or basic 

groups, for example polysulfonic acids or polycarboxylic acids. These polymers can also 

be sttuctural 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 S % by weight, particularly preferably from 0.1 to 2 % by 

weight, based on the amount of polymer. 

The polymer coating (also refei:red to as membrane) contains an ionophore in, for 

example, an amount of from 0.01to10 % by weight, preferably from 0.1to5 % 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 0, in 

linear or cyclic carbon chains and which are capable of selectively complexing the ions to 

be measured. The natural compounds are frequently macrocyclic compounds, for example 

v~omycin, 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 geomen: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 

polycyclic compounds, usually in protonated fonn as polycations or as quaternary 

(poly)ammonium salts); open-chain or macrocyclic (mono- and polycyclic) polyamides; 

open-chain or macrocyclic (cyclic) polypyridinium compounds; calixarenes; 

cyclodextrlns; 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 fonnulae I and Il can be, for example, from 0.01 to 10 % 
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bf weight, preferably from 0.1 to 5 % by weight, particularly preferably from O.l to 2 % 

b:r weight, based on the amount of polymer. 

T le fluorophores to be used according to the invention have very suitable absorption and 
.et nission wavelength ranges which allow the use Of known arid inexpensive light sources, 

fc r example halogen or xenon lamps or light-emitting diodes. Examples of detectors 
wb.ich can be employed are photodiodes. The fluorophmcs ·furthermore have high 
al 1sorption coefficients and high quantum yields can be achieved. The high lip0philicity, 
high basicity and the large dynamic range of the change in fluorescence between the 

P1 otonated and deprotonated forms satisfy, in particular, the high requirements for optical 
. . 

de termination of ions based on fluorescence measurements. Both cations and anions Ca.n 
be detennined. 

EJ :amples of suitable cations are cations of metals from the first to fifth main groups and 
th1 ~ first to eighth sub-groups of the i>Criodic Table of the ElemeJ?.ts, 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, Bi. Cu, Ag, Au, 2'.n, Cd, Hg, Sc, Y, Ti, Zr, Hf, Cr, Mo, W, Mn, Fe, Co, Ni, 
R11, Os, Rh, Ir, Pt, Pd, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb, Lu, Ac, Th, 
Pa, U, Np and Pu. Preferred catimis aie the alkali and alkaline Carth metal ions, in 
pa:ticular Lie, Nae, r&, Mg2e, Ca2e 8Iid sr2e, very particularly Ke, Nae and eae. 

~ amples of suitable ammoniUm cations are~ e and the cations· of protonated primary, 

sec :ondary and tertiary amines and quaternary ammonium. The amines can·contain from 1 

to 40, preferably from 1 to 20, particularly preferably from 1 to 12, carbon atoms. The 

qu !~ ammoniUm can contain from 4 to 40, preferably from 4 to 20, particularly 
pre :ferably from 4 to 16, carboJi atoms. 

Th: anions to be measured can be derived from mineral acids, oxygen acids and inorganic 
c01nplex acids. Exmiiples·aie the halides and pseudohali~ pa, ae, Br9, 19, N3 e, 
0 re, QCN-9 and SCN9; anions of inorg&nic oxygen acids NO,. 9, N°'3 9, CO·ie, 
PC le. sole. ao4e, Mn.04

6 and a~ 9 ; anions of inorPinc complex acids 
Fe1 CN)6

4e and Co(CN)6
30; anions of carboxylic acids, phenols and nucleotide anions, 

sue h as adenosine phosphate. 

Thi~ composition according to the invention is highly suitabie as an optical sensor for the 
qw ntitative determination of ions, in particular cations, very particularly metal cations, for 
CX2 mple potassium catic>ns, ·in an aqueous environment, preferably by means of 



WO 95/26501 PCTIIB95/00159 

- 11 -

fluorescence spectrometry. The detenninations 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 intelfering 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 
fonnula 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 
sulface-amplified Raman or fluorescence spectroscopy. 

The invention funhennore 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 fonnula I or II as fluorophore 

NHR3 

(I). 

(Il), 
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ir. which R1 and R3• and~ and~ are C1~~oalkYl or C.-CsoaJ.kyl-CO-. and R2 and R5 are 
H or C1-C3oaJ.kyl, with the proviso that the total number of carbon atmils in the alkyl 

gt oups is at least 5, or salts theICOf with inorganic or organic ~. 

(c) an ionophore which foims a complex with the ion•to be determined, and 

(d) counterions in the fonn of lipophilic salts. 

The abovementioned preferences and embodiinents apply to this composition. The 

cc mposition has a long shelf life and is a coating composition for the production of 

se:isors~ 

TI.e novel.composition may additionally c0mprise inert solvents, where the concentration 

of the composition in the solution is from 1 to SO % by weight, preferably from 5 to 40 % 

by weight, particularly preferably from 5 to 30 % by weight, based on the solution. 

E" amples of suitable inert solvents are protic-polar and aprotic solvents, which can be 

us1~ alone or in mixtures of at least two solvents. Examples ate: ethers (dibutyl ether, 

tet :-ahydrofuran, dioxane, ethylene glyc0l monomethyl and dimethyl ether, ethylene glycol 

m< 1noethyl and diethyl ether, diethylene glycol diethyl ether, triethylene glycol dimethyl 

etl:er),halogenated hydrocarbons (methylene chloride, chlorofonn, 1,2-dichloroethane, 

1,1,1-ttichloroethane, 1,1,2,2-tettachloroethane), carboxylates and lactones (ethyl acetate, 

methyl propionate,' ethyl benzoate, 2.;.methoxyethyl acetate, y-butyrolactone, 

S-' alerolactone, pivalolactone), catboxamides and lactams (N~N-dimethylfonnamide, 

N,l ~-diethylformainide, N,N-dimethylac¢tamide, tettamethylurea, hexamethylphosphoric 

tt'U mide, y-butyrolactam, E-caprolactam, N-methylpyrrolidone. N-acetylpyrrolidone, 

N-1nethyicaprolactam), sulfoxides (dimethyl sulfoxide), sulfones (dimethyl sulfone, 

diethyl sulfone, trimethylene sulfone, tetramethylene sulfone), tertiary amines 

(N· methylpiperidine, N-methylmorpholine), aliphatic· and aromatic hydrocarbons, for 

example pettoleum ether, pentane, hexane, cyclohexane, methylcyclohexane, benzene or 

substituted bemenes (chlorobell7.Cne, o-dichlorobell7.Cne, 1,2,4-trichlorobenzene, 

nittobell7.Cne, toluene, xylene) and nitriles (acetonitrile, propionitrile. benzonittile, 

phc nylacetonitrile). 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 

giv1' a highly homogeneous mixture. Preferred solvents are aprotic polar solvents. 

The invention fmthermore relates to an optical sensor for the detennination of cations in 

aqu :ous measurement samples, in particular by means of fluorescence spectrometry, 
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which comprises 
(a) a transparent suppon, 

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

(bl) a plasticizer-free, hydrophobic polymer having a glass transition temperature of from 

-150 to 50°C, 

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

(b3) an ionophore which fonns a complex with the ion t6 be determined, and 

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

The abovementioned preferences and embodiments apply to the sensor. 

The novel sensor is produced by coating the supporL Conventional processes, for example 

brushing, knife coating, dipping, spraying, poming, cunain coating and spin coating, can 

be used for this pwpose. In order to improve adhesion, the suppon 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 exaniple. by immobilizing 

the composition according 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 spectrofluoromeier. 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 embodiment, this 

p EI-dependency can, however, also· be detennined and taken into ~unt in the 

c tlculation. The pH range of the meas0rement sample can be, for example, from 4 to 8, 

n iore preferably from 6.5 to 7 .5. Examples of suitable buffers are citrate buffers and 

p ilosphate buffers. Further buffer systems are described in US;.A-4 645 744, in particular 

i11cluding those which are incorporated directly into the active coating in order to avoid . 

a, idition to the measurement sample . 

. 1 he examples below illustrate the invention in greater detail. 

t, .) Preparation ·Of fluorophores of the formulae I and n 

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

6 .33 g of anhydrous ·potassium carbonate are added to a solutiOn of 2.5 g of 

3 .~aminoacridine hydrochloride and 3.55 ml of 1-bromooctane in 50 ml of dimethyl 

s· 1lfoxide, 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 

c lloride. The organic phase is washed· with saturated aqueous NaCl solution and dried 

over sodium sulfate. After evapoiation, the red-brown· oil is chromatographed on silica gel 

u;ing methylene chloride/methanol (9:1). AfterevaporatiOn of the solvent, the residue is 

u .ken up in diethyl ether/methanol (10:1) and chromatographed on aluminium oxide. The 

e .. uate is taken up in methanol, 2N HO is added, the mixture is extracted with diethyl 

e :her, and the ether phase is dried and evaporated. The residue is dissolved in methylene 

c lloride, n-hexane is added. and the red crystalline precipitate formed is filtered off. 

F orther product can be isolated from· the mother liquor after evaporation. The melting 

point of the title compound is· 245°C. Absorption spectrum (ethanol): lmax= 472 nm; 

E =51400. 

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

2 .53 g of anhydrous potassium carbonate are added to a solution of 2.5 ·g of 

3,~aminoacridine hydrochloride and 2.95gof1-eicosyl bromide in'20 ml of 

1' r,N' -dimethylethylencurea, and the mixture is stiried at 50°C for 86 hours. The cooled 

1' ~on mixture is subsequently poured into water, arid the orange-brown suspension is 

e 1ttracted with methylene chloride. The organic pbasC is washed with water and dried over 

s Jdium sulfate. After evaporation, 2N HCl i$ 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 
chroiilatographed on silica gel. After evaporation, the residue is taken up in diethyl 
ether/methanol (10: 1) and re-chromatographed on silica gel, givirig the title compound as 
red crystals, absorption spectrum (ethanol): A.nu= 472 nm; E = 42 200. · 

Example A3: Preparation of 3,6-bis(n-hexylamino)acridine. 
298 mg of ground potassium 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 stilred at 60°C for 22 homs. 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 stiITed at room temperature for 
15 homs. 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/metlupiol (5: 1) and chromatographed on silica gel, giving the title compound as 
orange-red crystals having a melting point of> 200°C (decomposition). 1H-NMR 
(CDC13): 8.1 [s, lH, 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-CHi); 1.68 [m, 6H, CH3]. 

Example A4: Preparation of 3,6-bis(n-heptylcarbonylamino )acridine. 
3.1 ml of heptanoyl chloride 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) andchromatographed 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.nu= 384 nm; E = 2 300. 



" 0 95126501 PCT/IB9S/OOIS9 

- 16-

E::ample AS: Preparation of 

·HCI 

a) A solution of 12.8 g of phthalic anhydride and 13.2 g of 3-N,N-diethylaminophenol is 

st ITCd at 110°C.for 16 hours in 75 ml of toluene. The precipitated productis filtered off 

ardrecrystallimi from ethanol, giving brick-red crystals of 1-carboxy-l '•hydroxy-3'­

di ~thylaminobenzophenone (product A) having a melting point of 214°C. 

b) A solution of 5.5 g of 3-amiriophenol and 21.6gof1-bromoeicosane in 250 ml of 

l, i-dioxane is stirred at 100°C for 48 hours. The mixture is evaporated in vacuo~ and the 

bI own, gelatinous residue is taken up in toluene/ethyl acetate (10: 1) and chromatographed 

011 silica gel, giving 3-N-eicosylaminophenol as white crystals having a melting point of 

8(t°C. 

c) 626 mg of product A and 790 mg of 3-N-eicosylaminophenolare stirred for 2 hours at 

1 ~ 'Q°C in 5 ml of phosphoric acid (85 % ). After cooling,_ a solution of 1 ml of concentrated . 

H :1 in 1 ml of methanol is added, and the mixture is subsequently extracted with 
• 

m~thylene chloride. After removal of the solvent; the residue is taken up in methylene 

ctloride/methanol (85:15) and chromatographed on silica gel, giving the tide compound as 

red-violet crystals having a melting point of 115°C. A_bsorption spectrum (ethanol): 

Ar 'llll.= 532 nm; E = 90 000. · 

E:cample A6: Preparation of 

· (n-C8H17)HN 

~HCI 
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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 stilled 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 

l 70°C. After 1 hour, the mixture is allowed to cool, and 2N HCl is added. The mixture is 

extracted with methylene chloride, 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): 

A.max= 522 nm; E = 73 700. 

· Example A 7: Preparation of 

a) 1.57 g of product A from Example ASa, 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 

washed with water, and the solvent is removed again. The residue is taken up in methylene 

chloride/methan9l (10:1) and chromatographed on ~ca gel, giving red crystals of 

compound B of the fonnula 
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h :i.ving a melting point of 175°C. 

b 1 0.1 g of compound B is dissolved in 1 ml of methylene chloride and 0.3 ml of pyridine, 

ai 1d 100 mg of stearoyl chloride are added. After 3 hours, the m~ture is evaporated to 

d-yness in vacuo, and the residue is dissolved in methylene chloride/methanol (85:15) and 

cl 1romatographed on sili.Ca gel, giving the tltle compound as red ·crystals having a melting 

point of 145°C. Absmptioll spectrum (ethanol): A.nu= 560 nm; E = 10 900. 

B) Preparation of polymers · 

E:,amples Bl 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,«'-azobisisobutyronitrile. In order to remove oxygen, 

th~ ampoule is evacuated and filled with nitrogen a number of times, then sealed, 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 (IHF). This solution 

is transfencd 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, 
se: >arated off and then dried ~n vacuo for 48 hours. · 

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

D< dMA = dodecyl methacrylate, EHA = ethylhexyl acrylate, MMA =methyl 

muhacrylate, V AC = vinyl aCetate. The inherent viscosity (IV) is determined at 25°Cin a 

solution of 0.5 % by weight of polymer in THF. 

Ta:>le 1: 

Exunple DodMA AN VAC EHA MMA Yield IV 
No~ (mol%) (mol%) Cmol%) (mol%) Cmol%) (% bywt.) .(g)lg} 

Bl 50 25 25 76 1.765 

B2 60 20 20 50 0.229 

B3 40 12 48 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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Examples B6 andB7: 

The procedure is as in Examples Bl-B6, using ethyl acetate (EA), acryIOnitrile (AN) and .. 
ethylhexyl acrylate (EHA). The results are shown in Table 2. 

Table2 

EA AN EHA Yield Example 

No. Cmol%) Cmol%) (mol%) (% by wt.) 

B7 

BS 

90 10 

10 

Cl Production of coated suooons 

Examples Cl-CS: 

a) Suppon material 

90 

54 

82 

IV 

@lgl 

1.394 

0.663 

The suppon 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 110°C for 

1 hpur. 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 tetrahydrofuran 

(1HF) and shaken until the components have dissolved. The fluorophore used is the 

compo~d of Example AS. 

Example Cl: 125 mg of polymer from Example Bl, 1.0 mg of fluorophore, 1.5 mg of 

valinomycin, 1.2 mg of potassium tetrakis[3,5-(trifluoromethyl)phenyl]borate, 3 ml of 

TiiF. 

Example C2: 100 mg of polymer from Example B2, 1.0 mg of fluorophore, 1.5 mg of 

valinomycin, 1.2 mg of potassium tetrakis(3,5-(trifluoromethyl)phenyl]borate, 2 ml of 

TiiF. 

Example C3: 40 mg of polymer 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 offluqrophore, 1.5 mg of 

vllinomycin, 1.2 mg of potassium tetrakis[3,5-(trifluoromethyl)phenyl]borate, 2 ml of 

THF. 

E':ample CS: SO mg of polymer from Example B7, 1.S mg of fluorophore, 1.5 mg of 

valinomycin, 1.2 mg ofpatassium tetrakis[3,5-(ttifluoromethyl)phenyl]borate, 2 ml of 

THF. 

EJi ample 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 potassium 

tetrakis[3,5-(trifluoromethyl)phenyl]borate~ 1 ml of1HF. 

Example Cl: 100 mg of polyurethane Tecoflex® ('Thennedics Inc., Woburn) having a Tg 

of ·70°C, 3 mg of fluorophore, 50 mg of diethyl N,N-[(4R,5R)-4,5--dimethyl-1,8-dioxo-

3,c-dioxaoctamethylene)bis(12-methylamino)dodecanoate (calcium ionophore, Fluka 

21l02),6 mg of potassium tetralds[3~5-(trifluoromethyl)phenyl]borate, 2 ml of1HF. 

c) l >roduction of coated glass supports. 

Thi~ glass supports are clamped in the chamber of a spin-coating apparatus (Optocoat OS 

35,·ar, Willer Company, CH-8484 Weisslingen). The chamber is rinsed with 10 ml of 

tetr ahydrofuran and rotated for 2 minutes at 3 800 revolutions/minute. 50 µ1 of the 

par jcular coating solution are then pipetted onto the glass support, and the glass suppon is 

rou .ted for a fmther 10 seconds. The glass support coated with a membrane is then 

ren oved and dried for 10 minutes in air. 

D) : )etennination ofion concentrations 

Examples Dl to D6: 

The coated glass supportS are clamped in an optical cen in which the'membrane is in 

con· :act with the measurement liquid. The membrane can be optically excited in the optical 

cell and the fluorescence radiation measured. The optical cell is introduced into a 

spec :trofluorome~ (Perkin-Elmer LS-50). The absorption and emission wavelengths are 

adjt sted to the corresponding maxima of the fluorophores employed in the membrane. 
. .· ·., : . 

The membrane is brought into contact with an aqueous ~a solution or CaC12 solution of 
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defined concentration by pumping the solution through the cell at a rate of 1 mVmin and 
detennining the-change in fluorescence intensity. Before the measurement and after each 
measurement, the cell is rinsed with potassium ion-free buffer sol~tions and the 
fluorescence intensity is detennined in order to define the base line. 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 AS (membrane B 1) 
and various compositions as in Examples Cl-Cl is shown in the tables below. 

Example Dl (membrane C2): 

Potassium concentration (mM) 

0.00 

0.1 

0.5 
1.0 

3.0 
5.0 
7.0 
10.0 

Example D2 (membrane C6): 

Potassium concentration (mM) 

0.00 

0.1 

0.5 
1.0 

3.0 
5.0 
7.0 

10.0 

Fluorescence(voltsl 

4.32 
3.96 

3.67 

3.52 
3.46 

3.33 
3.23 
3.15 

Fluorescence(volts) 

5.30 
3.20 

1.70 

1.20 

0.50 
0.40 

0.30 
0.20 
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E:tample D3 (membrane Cl): 

Pc 1tassium concentration (mM) 

0.00 

0.5 

4.0 

10.0 

E:~ample D4 (membrane C4): 

P< 1tassium concentration CmMl 

0.00 

0.5 

4.0 

10.0 

EJ :ample 05 (membrane CS): 

Pc 1tassium concentration CmMl 

0.00 
- 0.5 

4.0 

10.0 

BJ :ample D6 (membrane C7): 

Pc 1tassium concentration CmMl 

0.00 

0.1 

0.5 

1.0 

3.0 

5.0 

7.0 

10.0 

-22-

Fluorescence (volts) 

6.89 

4.00 

2.89 

1.89 

Fluorescence (volts) 

6.80 

4.50 

3.20 

2.50 

Fluorescence (volts) 

3.00 

2.40 

2.25 

2.15 

Fluorescence (volts) 

1.55 

0.96 

0.75 

0.65 

0.50 

0.45 

0.40 

0.38 

PCT/IB95/00159 
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WHAT rs CLAIMED IS: 

1. A composition comprising 
(a) a transparent support 

PCT/IB95/00159 
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(b) which is coated on at least one side with a transparent coating which comprises 
(bl) a plastici2:er-free, hydrophobic polymer having a glass transition temperature Tg of 
from -150 to 50°C, 

(b2) counterions in the form of lipophilic salts, 

(b3) ail ionophom which forms a complex with the ion to be determined, and 

(b4) a compound of the formula I or Il as flu91"0Ph<>m 

NHR3 

(I), 

- (II), 

in which R1 and R3, and~ and~ are Cr~l or Cr~l-CO-, and R2 and R5 are 
H or Cr~oalkYl, with the proviso that the total number of cafbon 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 l, wherein R2 is H. 

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

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

5. A composition according to claim 1, wherein R1 and R3 are C6-~alkyl or 
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C 6-Ci4alkyl-CO-, and R2 is H. 

6 A composition according to claim 5, wherein R1 and R3 are C1~-Ci4alkyl or 

c 10-~alkyl-CO-. 

7 A composition according to claim 5, wherein R1 and R3 are C14-Ci2alkyl or 

C 14-~alkyl-CO-. 

8 A composition according to claim l, wherein Rs is H and~ and~ are ~-Ci4alkyl. 

9 A composition according to claim 8, wherein~ and~ are C10-~alkyl. 

1·>. A composition according to claim 9, wherein R. and~ are C14-Ci2alkyl. 

1 l. A composition according to claim l, wherein ~ and Rs are Cr~alkyl, and~ is 

C 10-Ci4alkyl or Cur~alkyl"."CO-. 

l?. A composition according to claim 11, wherein R. and Rs are CrC4alkyl, and R6 is 

C 14-Ci2alkyl or C14-Ci2alkyl-CO-. 

1 t A composition according to claim 12, wherein R. and Rs are methyl or ethyl, and R6 is 

C 16-~alkyl or C16-~alkyl-CO-. 

J. t A composidon according to claim l, wherein the salt of the compound of the formula I 

o:: Il is derived froin HF, HO, HBr, HI, H2SG.i, H2S04, H~. H3P04, HN02. HN03, 

E CI04, HBF4, HPF6, HSbF6• CF3S~ HB[~]4, toluenesulfonic aei~ CrC4alkyl- or 

p:1enylphosphonic acid, formic acid, acetic acid, propionic acid, benzoic acid, mono-, di­

o ~ trichloroacedc acid, or mono-, di- or trifluoroacedc acid. 

1 5. A composition according to c1aiDl 14, wherein the salt of the compound of the formula 

I :>r Il is derived from HCl, HBr, H2S04, H004, HBF4, HPF6, HB[~s]4 or HSbF6. 

15. A composition according to claim 1, wherein the compound of the formula I or Il has a 

p Ka value of at least 8. 

17. A composition according to claim 16, wherein the pKa value is at least 10. 
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18. A composition according to claim l, wherein the suppon is a glass.· 

19. A composition according to claim l, wherein the thickness of the coating on the 

suppon is from 0.01 to 100 µm. 

20. A composition according to claim 1, wherein the hydrophobic polymer has a 

molecular weight of at least S 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, polyetherurethanes, 

polyesterurethanes, polyureas, polymethaneureas 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 ~-C6alkanediols and aliphatic, cycloaliphatic, 

cycloaliphati.c-aliphatic, aromatic-aliphatic or aromatic C2-C:zodiisocyanates. 

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

copolymers comprising 

a) from 10 to 90 mol% of identical or different structural units of the formula m · 

R7 H 

-h 1-
1 I 

(ill}, 

co~ Rs 

and from 90 to 10 mol% based on the polymer, of identical or different structural units of 

the formula IV, 
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Rio Ru 

_b I c-
I I 

(IV). 

R13 R12 

ir; which R1 and Rg, independently of one another, are Hor CrC4alkyl, X is -0- or 

-NR14-, ~is ~-CwalkYl and R 14 is Hor CrCwalkYl; R 10 and R11, independently of one 
another, are H, F, a or C1-C4alkyl, R12 and R13, independently of one another, are H, F, 

Cl, C1-C48Ikyl, -COOH, -COO-CrCsalkyi -CONHCrCsalkyl or-CON(R14lCrC5alkyl, 
a~ R12 is Hand R13 is -CN, phenyl, chlorophenyl, CrC12alkoxy or Ci-C18acyloxy. 

2. ). A composition according to claim· 1, wherein the salt with a lipophilic anion is an 

aJ .kali metal, alkaline eanh metal or ammonium salt with a substituted or unsubstituted 
tf traphenylborate. 

21i. A composition according to claim 25, wherein the cation is ue, Nae, Ke, Mg2e, 

Ca2e, mi..e or an ammonium cation of a primary, secondary or tertiary amine or a 

q· 1atemary ammonium cation containing 1 to 40 carbon atoms. 

2'7. A composition according to claim 25, wherein the borate anion is tetraphenylborate, 
. . . . . . 

whose phenyl groups are unsubstituted or substituted by one or more C1-C4alkyl, 

C 1-C4alkoxy, halogen or trifluoromethyl groups. 

Zt A composition according to claim 25, wherein the borate anion is tetraphenylborate, 

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 pqlymer. 

31 ). A composition according to claim l, wherein the polymer coating contains an 

ic nophore in an amount of from 0.01 to 10 % by weight, based on the amount of polymer. 

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

3: t A composition according to claim l, wherein the amount of the compound of the 

·.;.. 

f 
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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 
fonnula 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 Il is from 0.1to2 % by weight. 

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

36. A composition according to claim l, 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 

NHR3 

(I), 

(Il), 

in which R1 and R3, and~ and~ are C1-~l or C1-~oalkyl-CO-, and R2 and Rs are 
H or C1-~()Blkyl, 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 detennined, and 
(d) counterions in the form of lipophilic salts. 
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3 t An optical sensor for the determination of ions in aqueous measurement samples, in 

p 'IIticular by means of fluorescence spectrometry, which comprises . 

(i.) a transparent support 

(I 1) which is coated on at least one side with a transparent coating which comprises 

(111) a plastici7.er-free hydrophobic polymer having a glass.ttansition temperature Tg of 

fJ om -150 to 50°C, 

(112) the salt of a lipophilic anion, 

(1,3) an ionophore which forms a complex with the ion to be determined, and· 

(1 '4) a compound of the fonnula I or n· a5 fluorophore. 

3 ~- A method for the optic~ determination of ions in aqueous measmeinent samples, in 

\l 1hich a sensor according to claim 38 is brought into contact with said aqueous 

n Leasmement sample, and the change in fluorescence of the fluorophore in the active 

polymer coating is then measured. 


