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WO 93/07483 describes sensors for indicating pH value in which t_he indicator dye is
covalently bonded to the hydrophilic polymer membrane in order to prévent it from being
washed out through use. The immob_ilisation is carried out by subseQuent treatment of the
membrane with a dissolved dye indicator containing functional groups that are capable of
reacting with functional groups of the polymen' membrane. Furthermore, only certain pre-
prepared polymers can be used for a membrane, the mechanical and physical properties of
which cannot be selectively adapted to the mtended use. The manufactunng process is by
its nature associated with a high degree of variation in product quality (for example in the
content of dye indicator) which renders continuous production and application in standard
systems difficult or impossible.

Analytica Chimica Acta, 276 (1993), 347-352 discloses an elect:ochemic_:al.sensor which
contains on a measuring electrode an ion-sensitive membrane which consists of a cross-
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be used and the polymensanon can be carried out directly on the carrier material. There is

thereby obtained a hxgh degree of productlon conformity especially with regard to the

layer thicknesses, even in the case of very thin layers, so that standard calibration is

generally adequate and further calibration is unnecessary if the sensors should be replaced.

Furthermore, it is possible to produce very thin but at the same time uniform layers. The

polymerisable composmons have adequate storage stability and can be marketed as such.

The polymerisates from the compositions surprisingly form a network in which the

polymer molecules of the monomers (A) are embedded or, as it were, penetrate the

network. It is surprising that no segregation is observed but that, on the contrary, there is

uniform distribution of the polymer molecules, so that the polymerisate is a homogeneous

material.

The invention relates to a composition comprising

(a) at least one olefinic monomer (A),

(b) at least one polymer of at least one olefinic monomer,

{c) -anindicator dye to the basic structure of which an olefinic polymensable group is

(



The invention relates to a conposition conprising (a) at |east one-ol efinic
nmonomer ( AVO %9952t | east one pol ymer of -at |east one ol ef iBGTABRNENer, (c)
an indicator dye to the basic:structure of which an. oI efinic pol yrrerlsable
group is WO 95/ 29959

PCT/ 1 B95/ 00301 -3- covalently bonded dly,ectly or via a bridge group, (d) at
| east one at |east diolefinic cross-linking agent, and (e) an effective
anmount of a polynerisation initiator. The desired properties of the
menbrane can be varied and set within a wide range by the choice of the
nononers (A) 2l nd t he conbi nation thereof.
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polymers in order to obtain the desired properties.

"Hydrophilic" may mdxcate a solubility i in water of at least 1 % by welght preferably at
least 10 % by weight, especially at least 20 % by weight, more especlally at least 40 % by
weight and very especially at least 50 % by weight, the percentages being based on the
solution. '

The component (b) polymer may comprise at least one monomer identical to (A), at least
one monomer (B) that is different from (A), ora mixture of such monomers. In a preferred
form the component (b) polymer is composed predommantly, and especlally solely, of .
‘monomer (A)

The hydrophilic olefinic monomers (A) and/or (B) may be present in an amount of from

5 to0 95 % by weight, preferably from 10 to 90 % by weight, especially from 10 to 80 % by
weight and more especially from 20 to 70 % by weight, based on the composition. The '
same applies to hydrophobic monomers or mixtures of hydrophobic and hydrophilic
monomers. - '

The hydrophi_lic component b) homo- or'co-pdlymers may be present in an amount of from
95 t0 5 % by weight, preferably from 90 to 10 % by weight, especially ﬁom 90 to 20 % by
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- hydrophobi ¢ and hydrophilic nononers. The hydrophilic conponent b) hono- or
co-polymers nay be present in an anount of from95 to 5 % by wei ght,
preferably from90 to 10 % by wei ght, efpecially from90 to 20 % by WO
95/ 29959 - PCT/ 1 B95/ 00301

-4- weight and. nore especially from80 to 30 % by wei ght, based on the
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groups and‘hhyoinpns;qoneaacdtdlhgitm@ebmudadn dcbmpd:«tek;cmm-ﬂhhngaf&dtﬁgeemm to the
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example, from the group consisting of pyrrolidonyl, amino, primary amino, secondary
amino, corresponding ammonium groups and hydroxy, each being bonded direcﬂy orviaa
bridge group to the olefin group. The bridge groups may be -C(O)-, -C(0)-O-alkylene-,
-C(0)-NH-alkylene-, -C(0)-0-(C,-Cqalkylene-O); ., 15-C,-Cgalkylene-,
-C(O)-NH-((‘Q Csalkylene-O)l 10 12-C2-Cealkylene- or -O-alkylene-. Acidic hydrophilic
groups, for example -C(O)OH, may also be present in the form of salts, for example in the
form of alkali metal or alkaline earth metal salts.

The hydrophilic monomers (A) or (B) may correspond, for example, to formula I
RRC=CRyZ o

wherein Ry, R, and R; are each independently of the other hydrogen or a hydrophobic
substituent, and Z is a hydrophilic radical. '

A hydrophobic substituent may be, for example, C;-Cjzalkyl, preferably C,-Cgalkyl,
C,-C;,alkoxy, preferably C,-Cealkoxy, C,-Cyshaloalkyl, preferably C;-Cghaloalkyl,
phenyl, halophenyl, for example chlorophenyl, C;-C,alkylphenyl, C;-C,alkoxyphenyl, a
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Some especially preferred combinations of hydrophxhc monomers and polymcrs are vinyl
pyrrohdone/pyrrohdone, acrylamxde/polyacrylamxde acrylamxde/polymethacrylaxmde

‘methacrylamide/polyacrylamide, ethyl acrylamxdelpolyethyl acrylamide, propyl acryl-
amide/polypropyl acrylamide, tert-butyl acrylamide/poly-tert-butyl acrylamide, tert-butyl |

acrylamide/polyacrylamide, tert-butyl acrylamide/polymethacrylamide, hydroxyalkyl
vinyl etherlpolyhydroxya]kﬂ vinyl ether, hydroxyethyl methacrylate/polyhydroxyethyl
methacrylate, hydroxyethyl methacrylate/polyhydroxyethyl acrylate, h_ydroxy-ri-propyl
methacrylate/polyhydroxy-n-propyl methacrylate, hydroxy-isopropyl methacrylate/poly-
hydroxy-isopropyl methacrylate, hydroxy-n-butyl metha_ctylate/polyhydroxy-n'-butyl '
methacrylate, hydroxy-n-pentyl methécrylate/pdlyhydroxy-n-pentyl methacrylate,
hydroxy-n-hexyl methacrjrlate/polyhyd:oxy-nfhexyl methacrylate.

The hydrophobic monomers (A) or (B) may éorrespond, for'example, to fonnula oI

ReR,C=CRg-Y - | (o)

pentyl acrylate and nethacryl ate, hydroxy-1, 2- hexy cryI at e

{



am de/ pol y acryl am de, tert-but yl acryl am de/ pol y-tert

acryl am dea’q f299%ut yl acryl am de/ pol yacryl am de, tert-but y?mﬂ%ggmosm
acryl ani de/ pol ymet hacryl am-de, hydroxyal kyl vinyl ether/pol yhydroxyal kyl
vi nyl ether, hydroxyethyl nethacryl ate/ pol yhydroxyet hyl nethacryl ate,

hydr oxyet hyl net hacryl at e/ pol yhydr oxyetfiyl acryl ate, hydroxy-n-propyl

met hacryl at e/ pol yhydr oxy- n- propyl methacrylate, hydroxy-isopropyl

met hacryl at e/ pol y- hydroxy-isopropyl nethacryl ate, hydroxy-n-butyl

met hacryl at e/ pal yhydr oxy-n-butyl nethacryl ate, hydroxy-n-pentyl

met hacryl at e/ pol yhydr oxy-n- pentyl nethacryl ate, hydroxy-n-hexyl

nmet hacryl at@/&Qol yhydr oxy-n- hexyl nethacryl ate.” The hydrophobi ¢ nononers (A)
or (B) may Pespond, for exanple, to formula I'll Rerr]Rerr]C=CRlerr]Y
(ren) R5 DR fre each independently of the other hydrogen or a hydrophobic substituent,

PCT/ 1 B95/ L], Rerr] and Rlerr] are each independently
of  the ot %g?%sgﬁgd%ﬁéﬁha ydrophobl Cc substituent, and Y is a hydrophobic

radi cal . The hydrophob| C substituents may be, for exarrpl e,

Clerr] - erelny hoble&ﬂfsﬁﬁ:ehdsm?[uar fo}eﬂ:ﬁplel E}Qalkyﬂp?éféﬂab@[@{ c% yloxy,

o ey AR ot s Sh S

d ter r] - d gphenyll kajophenyly for eximyple thiGfopheryd) @ pCyzikylplyinyl, £1e@«(aﬂmybhenyhal d -
ester gro . e
hydr opﬁob:bgrﬁrz’a 1@%1@#{%3@&@2&51{1{;%290 #Pfééﬁnzgﬁtngdr%re%h% %H glrwf‘f%f 0 R[ err ].

Preferred radicals Y are CJerr]-Clerr]alkyt, (err]-Cerr]al koxy, phenyl,
chl or ophenptie hydtdphbbic Fdical hrahk%d)mawal as%@:idd:e@i& 18R OPo¢ feriel @Rt als

car boxyl i c,aci er. havi n ot rhon at ons,
“ON and oY 3 CeCabn O Celtiony e Fubeet ¢k @‘ﬁ?ﬁ%ﬁ%{%
hydr ogen apiﬂnyl[ earbdxylis atiyl ¢stegmoups havizgratotal 8bfremd tof lrcarhen atomhs, FEN| ons of
hydr ophobi gspgnoners and pol yners are styrene/ poly- styrene, nethyl

acryl at e/ pol'ymet hyl - acryl ate, nethyl net hacryl at e/ pol ynet hyl net h-
acrylate, vinyl ethyl ether/polyvinyl ethyl ether,

acryl oni t rlilaqirefetry@ S, M Toirhuila €11 RYAnd R, WhechydRbgeniahe Rg od byarygenve mefiye.
conmponent (b). polynmer may have a nmean nol ecul ar weight of from 1000 to -1
.000 000 daltons, preferably from 10 000 to 500 000 daltons, determined in
accor danceSome prefemed gemnbipations af hydropnbicuonemery ad polymets qmﬂym;c/polorf- known

mol ecul ar Gkad) methyl acrylate/polymethyl acrylate, methyl methacrylaté/polymethyl meth-
acrylate, vinyl ethyl ether/polyvmyl ethyl ether, acrylomlnle/polyacrylommle and acrylo-
nitrile/polystyrene.

The component (b) polymer may have a mean molecular weight of from 1000 to
1 000 000 daltons, prefcrably from 10 000 to0 500 000 daltons, determined in accordance
with the gel permeation method using standard polymers of known molecular weight.

The. mdlcator dye is preferably a ﬂuorophore for the detection of changes in emlssmns, for
example fluorescence.

The indicator dye' may_be adye of formula II
RHC=CRs-(X)-dye N @
wherein

R4 is methyl and Ry is hydrogen, or
Rs is methyl and R, is hydrogen,



The indicator dye is prefer’ably a fluorophore for the detection of - changes
I n em ssi exanpl e fluorescence. The indicator dye ydye of
formul a I?Bgf%;r#rg?HC:CR[err]-(X)[err]-dye PERnsodb1 (rr)y
wherein Rerr] is methyl and R err] is hydrogen, or Rerr] is nmethyl and
Rlerr] is hydrogen, WD 95/ 29959 '

PCT/ 1 B95/ 00301 -8 - (¢ is0Oor 1, X-8is a bridge group, and dye is the
nonoval ent radical of a dye-indicator. In a preferred form Rlerr] is
hydrogen and Rl err] is hydrogen or nethyl. In a different preferred form q
is 1. The bridge group X may be, for exanple, -O, -NH,

-NHC erq] - Q:sé)ror]lal kyI' -C(O-0, -CCO-NH,. -C(O-NHC1-C4al kyI-

-NH (CO xO 4 ,.gg d <O - OC[err] C[err]alkylene OCoO-

-C(O-NHJerr kyle e OC( .
-qQ-0& rrsr“lw ROvelenk gt @g““‘“

-C(O-NHCerr]- C[err]alkylene NH-C(O) -

i ﬁ(I—I-O)C( g)Hirg %’Wﬁ%ﬁi ?f)}((ﬁﬁ%éﬁ%@?%?lgnydmgen or methyl.
-C(O-0(derr]-Cerr]al kylene-Oerr]-

-C(O- Of,g&fk}eh%%féﬂealfMQriﬂC))[err] C[err] C err]al kyl ene- NH,
-C(O-NH((err] err]al kyl'ene-O[err]-Cerr]-Clerr]al kyl ene- NH-

-C(O-NH(Cerr]-Cerr]alkylene-Oferr]-CHerr]-C(O -NH. Preferred bri dge
g rc?uo|)os Nﬂi‘he bﬂgs)gai-d)ﬂﬂx m?i(l@) fd@e(czjﬁz{:le{-ﬂ-%r—N}l—q Cralkyl-, -C(0)-O-,

- - r )
-C(O- NI—I-ggg\rﬁlrI @gqﬁ?a lc%/:‘{aﬁ{?& e@r cgger'r - err al kyl ené- NH and (
-C(O) - NH @miﬂk)]lwq@’r(e(@ 6!@ rnelkagr«eeﬁﬁ @at or may be a dye

i ndi cat orcdd) eﬂéﬁ]{&@@[ RO(ORNB-CL O gdymemlql.@r(o he action of a

(0Ya-c;
{1 uor oscH ﬂﬁgﬁ%ﬁ&"d“@@ﬁﬂm 3@1‘5@9@ Cralnept SERG bup of -
xant henesC@)dD{@pCerlkyiamtORnen-(-C00)-Ox@hilelkilcnoOds s ¢i-Cy-Calkplgrerdifbd |
fl UOFGSC@(F@?,;NQQS% @gﬁia;lgﬁg‘b 13{ f%@fbgnak yis&INgapht hor hodaf | uor es,

2, 3-benzfl uoresc b C the i somers of benz-
N Eatkyienc ) - O T5E)

Preferred bridge groups are -C(O)-NH-, -C(O)-O-(CH2CH2-O)1 1 6
-C(0)-NH-(CH,CH-0); , 6-CH,C(O)-NH-,
-C(0)-NH-(C,-Cgalkylene-0); G-Q-C6alky1cne-NH- and
-C(O)-NH-C,-C;,alkylene-C(O)-NH-.

The dye indicator may'be a dye indicator that changes its absorption or emission under the
action of a test sample and thus produces a measurable signal. Especially preferred are
fluorescent dyes (fluorophores), for example those of the group of xanthenes and benzo-
xanthenes (for example ﬂuorcscem, halogenated fluoresceins, semmaphthoﬂuoresccms,
,semmaphthorhodaﬂuores, 2,3- benzfluorescein, 3,4-benzfluorescein, the isomers of benz-
rhodamine and substituted derivatives, the isomers of benzchromogene and substituted
derivatives); acridines (for example acridine, 9-amino-6-chloroacridine); acridones (for
exémple 7-hydroxyacridone, 7-hydroxybenzacridone); pyrenes (for example 8-hydroxy-
pyrene-1,3,6-trisulfonic acid); coumarins (for example 7-hydroxycoumarin, 4-chloro-
methyl-7-hydroxycoumarin); conjugated cyanine dyes and metal complexes, for example
platinum porphyrins. The fluorescent dyes are olefinically functionalised for bonding to a _
polymer.

Especially preferred fluorophores are 3- or 4-acryloylamirioﬂuorescein and 3- or 4-meth-



rhodam ne and substituted derivatives, the isoners of. benzchrormgene and
subst it ut cWOBSPPAt i ves); acridines (for exanple acridine, 100301

9- ami no- 6-chl oroacri di ne); acridones (for exanple 7-hydroxyacri done

7- hydr oxybenzacri done); pyrenes (for exanple 8-hydroxy- pyrene-
1,3,6-trisulfonic acid); coumarins (forgexanple 7-hydroxycoumarin, :
'4-chI oro- nmet hyl -7-hydroxycoumarin); conjugated cyani ne dyes and rret al
conpl exes, "for exanpl e plati num porphyrins. The fluorescent dyes are
olefinically functionalised for bonding to a polyner. Especially preferred
f I uor ophor, cryl oyl ani nofI uorescein and 3- or 4-neth- WO
95/ 29959 a@@l@lﬁmﬁoﬂﬁres%eﬁ - PCT/1B95/ 00301 -9
- acryl oyl am nof | uorescein. A wi de vari ety of absorption dyes for sensors

is known. Aowiignlafiety®f absorpting cyés edrebnsofy iy khewn \Hﬂh@ues awinamlyl violeg” een

| at ﬂ | d t hynol
grﬁea(fhym E% eeﬂ?ﬂﬁ% T re gyi,gpeﬁj,r%n%aﬁige gpﬂély %’ﬂgopurggﬁl ne
4B, N, N- dudm;ﬂtehyihmpw(thvnml pluamymnisubfpndphmmm)emetamm@umlomymgeew met hyl

b | t hyl

Fed, I hcnut R .zéﬁﬁﬁiﬁ%ﬁ‘@éﬂﬂt%ﬁﬂé?‘é 2B RmopAERI biiE, BB eq 1 Y
al i zar i ne meshy) m; mg¢rgsol ghen; Tesazarin, Aspheniazo sphthylegning, ethyl :d, r ed,
cresolht L eflacnii’ﬁid aﬁm@m@lm’omcfd@oil rpulrplb,ldhmropheﬁolaw,lamhﬁml,l Biomothym ol R
- na 0 e al.el n n a | Z | OW
Pt aom n_ 1 GRS bRNl Rl S BB nglafresdh gt R,
for bondi regeresplphtipddin, renaphthalbeaeia, fhenelphthalein, ghymalphthaleinalizdiing to a

carbon at %118&' EE Qinfi, aftbdring! PhEabso ESEByéé a?é ol!ﬁﬁ‘icéllﬂuh&'&ﬁ:aﬂﬁ%) are, for
exanpl e, - err -NH-Clerr]-(err]al kyl, - O)Ci -
_sQqerr]d 0“51@%6) mer. o ) - NI—l-CI-I[err]CI—l[err] OH

-C(O- OCH[err]CH[err] OH -C(O-NH-CHerr]CHerr]- NH[err]

O0-0 B
e ) ot SRBIRAE ripralf h MER oe B Ry
i s sui t ablvéa & bridgei greun) am;ﬁqugmpfphe()ﬁn@lﬁmtmi'%ly@ﬂw- )QHle

directly QSO‘{C?-@(G)INHQGC(IDPNH ¢tR,CHROM, LC@EO-AL LR 00N unsubsti tut ed or

2anm o SEGFNLE %@iﬁ%@@aﬁé"ﬁf—l é@@@%ﬁgsﬁmﬁmf >

pr ef er abl CH,Gl,sNCS, INCO0INN5,and suqriry) estens £¥inyporahethypliviny] Bisaivabie fortdirect
tetramne Eph?éxh&m%f’dﬁ’xﬁkfﬁké Be'Bbrded Qe 9k Qbﬁige'k‘?éu;?{o%é” eferred.

Such cross- P
nnrogen atom of an unsubstituted or substltuted maleinimidy! group.

Suitable cross-liriking agerlts are, for example,' acrylicor methacrylic acid esters or amides

-of polyols, preferably diols to tetrols, or polyamines, preferably diamines to tet_ramines.
Aliphatic and cycloaliphatic diols and diamines are preferred. Such cross-linking agents
are known and many are described in the literature. Some examples of polyols are
alkylexie diols, such as ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1 6—hex'anediol
diethylene glycol, polyalkylene diols of preferably Cz-Csalkylene diols having especxally
from 3 to 100 alkylene diol units, for example polyethylene glycols, polypropylene
glycols, polybutylene glycols and polyethylene-propylene glycols, 1,1,1-trihydroxy-
methyl-ethane or -propane, pentaerythntol and dipentaerythritol. Some examples of poly-
amines are ethylenediamine, 1,3-propanedxamme, 1,4-butanediamine, 1,6-hexanediamine,
diethylenetriamine and triethylenetetramine. Other known cross-linking egents are, for
example, divinylbenzene and bis(dimethylmaleinimidyl)alkylenes, for example methylene
or 1,2-ethylene-bis(dimethylmaleinimidyl).

" Some examples are N,N'-metl;ylene-bis-acrylio acid amide, N,N'-ethylene-bis-acrylic acid



are known and many are described in the literature. Some exanpl es of
pol yol s ' ene diols, such as ethylene glycol, 1, 3- ' |,
1, 4- but ane i9§}|2:5% , 6- hexanedi ol , diethylene glycol, poI yal E%M#‘gl s of
preferably Cerr]-Cerr]al kyl ene diols having especially from3 to 100
al kyl ene diol units, for exanple polyethylene glycols, polypropylene

gl ycol s, polybutyl ene glycols and poI'ﬂQt‘hyI ene- propyl ene glycol s,

1,1, 1-tri hydroxy- nethyl-ethane or -propane, penterythritol .and

di pentaerythritol. Some exanples of poly- am nes are ethyl enedi am ne,

1, 3- propanedi am ne, 1, 4-butanedi am ne, 1, 6-hexanedi am ne,

di et hy| enmide, NV rrgopylehct bis-aciylic ecid amideasthylene glykelrbismethacrylnespropyleks ng
agents a

bi's(d ne?ﬁcolfﬁiam&ﬁ |aﬁ l);;i;?%l pﬁrbﬁrﬁ@ha’éﬁqate hcx#g.nﬁ ﬂycol bxsmethacrylatc |

1, 2-ethy polyp x‘e%wﬁgl eém%tem Mx@ sievipgamean molecular

N, N - et keighescoflitoin 200 1l 3000aci d am de, N N - et hyI ene-bis-acrylic acid WO
95/ 29959 PCT/ 1 B95/ 00301
-10- amide, N, N -propylene-bis-acrylic acid anide, ethylene glycol

bi smet hadi hy p@meosnpnncq@wrdm tg thednyentios pemprises pbhrmnsmwnmmrsgwgmb can
bi smet hagg Yéiated ehﬁé:%hé‘rﬁﬁll 69 h:e%ﬁ&?éi*ﬁ&%ﬁbﬁtﬁaﬁ:ggas R Pﬁggﬁ%]%xﬁ%rﬂl ycol

bi snet hacryl of et ehe ol s -havi ar wel ghts of
from 200 m&%s@%mmﬁg? letqu*H‘ "a%’&ﬁompﬁﬂn‘isog?‘ﬁéo FORIRARNAS ANAREFING- s es
pol ymer i disulfatss. iSoieieatraples udsiosdd-aza-bisiobaryronirilecr mhbsiumt geeoxodishlfater by t he

action o re forners,-
for exanp%f(m egﬁnﬁb t(g%%& c%éb& Q&Ee‘{sgé%oﬂycr}g&l gﬁ&)é‘i’ %ﬁ‘r&pkﬁ;‘@ht’dl sul f at es.
Sone ex a»@@sﬁaapeu?r@ilﬂbea tbg@h@obmwnsmsers, |areebqnzonh¢mmsmmhoncs, (
per oxodi Hibkanttdned 6B afindhceRIpaERINBS iﬂ@&-ﬁ&&o&%&etﬁﬁl&n@ﬁesam i vated by

radi ation, for exanple UV light, which can optionally be used together wt h
sensitisers, are benzophenones, xanthones, thioxanthones,

[err]-s edhanbmpemstoﬁmeemmpesﬁamabcardmgimhqrmmﬁmphekmnasor cehdeconponent s

of the c offafi Wi findvéh riFialoy s@! FyreRBls] infRBoPEydlr ePar ed
in accorda ce vm own or an goys ‘pr.ocesses ncti opall e i cat or
dyes are &F canbr pePased: dé"ﬂ"&‘t‘f& dathreagentshat fprm, bridge gEOHPS iR hat f or m

2 ri dgfel g acudpdanceIwith md@bﬁmavugbhs ﬂﬁbébsﬁbsOAnﬂﬂirﬁhmﬁ]Wﬁn RENS mﬁﬁéﬁ%
dor  vat | S A0 Kol SRR ELE with ARy Figpiia s g, 1
Vér ner eforgxample, Ty Watnenet ak| i ouwrna) of wommnszOIM Ne 2, pagge93 8898 0 98
(1992) . {{voo%ameeusboly SreBps MBY, if desiréte Bk FitioRfly deRvhiiRd 8 kbwiRhinsat i sed i n
known male ne'des, amines etc.). The composition accordmg to the invention ‘may comprise additives

for improving processablhty, for example ﬂow agents, viscosity-increasing or viscosity-

reducing agents and solvents.

It is generally advantageous, however, to add a solvent or dilugnt or a mixture of solvents,
Polar and, optionally, protic solvents are preferred. Examples of such solvents and diluents
that may be mentioned are: water; esters, such as ethyl acetate; ethers, such as diethyl

| ether, dipropyl ether, diisopropyl ether, dibutyl ether, tert-butyl 'methyl ether, ethylene
glycol monomethyl ether, ethylene glycol monbethyl ether, ethylene glycol dimethyl
ether, dimethoxy-diethyl ether, teufahydrofuran or dioxane; ketones, such as acetone,
methyl ethyl ketone or methyl isobutyl ketone; alcohols, such as methanol, ethanol,
propanol, isopropanol, butanol, ethylene glycol or glycerol; amides, such as N,N-di-
methylformamide, N,N -diethylfonﬁamide, N,N-dimethylacetamide, N-methylpyrrolidone
or hexamethylphosphoric acid triamide; nitriles, such as acetonitrile or propitmitrile- and
sulfoxides, such as dimethyl sulfoxide. Preferred solvents are water, alkanols and N-di-

- alkylated carboxylic acid amides.



am des, anmines etc.). The conposition according to the invention m

((:orrpri se a9 fZ)r irrprovim;g processabi | i'-ty,g for exarrpl%cfquf&gnts,
yi scosity-increasing or viscosity- reducing agents and solvents. It is
general | y advant ageous, however, to add a solvent or diluent or a mxture

of solvents. Polar and, optionally, protic solvents are preferred. Exanples
of such solvents and diluents that may be nmentioned are: water, esters,

such as ethyl acetate; ethers, such as diethyl ether, dipropyl ether,
diisopropyl ether, dibutyl ether, tert-butyl nethyl ether, ethylene glycol
mononet hyl et her, ethylene glycol nonoethyl ether, ethylene glycol dinethyl

et her, dingt hoxy-di.ethyl ether,  tetrahydrofyran or, dj oxane; ketones, such
as acet onertfh"‘rfﬁ“i/ﬂ”m@{‘ﬁ °“§E¥ KHbe H’rveﬁté?%lex?’%ﬂal’ W""‘gktt)éﬁ@‘ cgrtingffl s, such
ais met h?noda;ﬁa'uﬁmmml' s, es;feoiaﬂjnOkrﬁefssdﬁchm?(bb,u'ahsﬁaﬁm lin acdoi‘ddnd _ ﬁmﬂtﬂ leisied dor

cerol; ) S | - t h Yo [- N- di et or mani de,
RI, X di et h‘%%@e %"ﬁ%@?“@ﬁ@?ﬁ%ﬁ%’y‘f&%%&P&‘@?%%@é“ W?%%BE%HBFT ¥ acid
triam de; after thelcoatingsanshwhese appsopsiaite aftar ecroovab obpcomsadrsolvent. Thel coartd oxi des,
N - oy et Biflly abIGTS: BF RumRNIEH Safled THE Oipoditli by ¢
PCT/ | B95/ dﬁg'éﬁml’e'?f“}s %sﬁ@%a@ﬁ% gﬁ F%&'BS?‘?O%W% membranes £orqpyaali s

excel | ent Isensoms.t abl e for the coating of carrier materials, especially
carriers which may be transparent, in accordance with custo- mary
surface-coating nethods, the |ayer being polynerised in a manner known per
se after tH B¥enton elaesalsmioramethpd eheqating camrieematesigls wiierain the compased

sol vent . TdiGorCAbebrhg B R indentioh iP4pEEA & dtiedStibreitfacd &Fthd Eﬁﬁ@ﬁﬁ&t}ﬂﬂ} ure of
sensors. -Th@_frgonnlj)_osu i on_.accor di r(n)?%#.o B]e i nvention i.s _excellently suitable
for the nelfUErSAPRIPRAALS 8 SolvgRt Isfsm -aBé) edayerIspAlYReErisedhe i nvention rel ates.
also to a nethod of coating carrier materials wherein the conpo- sition
accordi ng | | ins aahRid -' - e :
carrier mﬁdgrﬁéﬁll‘bﬁg’?z‘hgﬂgw gpl‘l a%déﬁge g%?\glltelrrll% Eﬁ%%\?ﬁ%&?ﬁ%ﬁ ‘?ayer S
pol yner i seWith pfiesioR PromAtErs kor die samerRIFPse 1t4s Alsa possibinie camyoutplasma er i al s
may be tr emdatidenof tiecaniet matdrial 8616 BemtraB Bhridnal pfiupt BR tediFFaRU TROSE 1t

or der "t o oRabe fie) fsf B byl B e RUTE Bl i oo S CHiPR By 2l 0 be

provi ded vgidlly kighdegresof ashesien. mowpadhesion promotess for lglass/are Hor esymple, tri- :
ethoxy—glyt;idyloxy—silanc, 3-azidopropyl-triethoxysilane or 3-éminopropyl-uiethoxy-
silane. The surfaces so treated can be further modified, for example with O-(N-succin-
imidyl)-6-(4°-azido-2’-nitrophenylamino)-hexanoate. It has proved especially advanta-
geous to treat the surfaces with silanes of ethylenicaily unsaturated carboxylic acid esters,
for example methacrylic acid 3-trimethoxysilylpropyl ester, because in the polymerisation
the layer can be anchored covalently to the surface. Known coating techniques are, for
example, spreading, immersion, knife application, spraying, casting, curtain casting or,
especially, spm casﬁng or spin coating respectively. It is especially advantageous that the
coating itself can be effected with aqixeous solutions and in this case too spin coating pro-
cesses can be used. ' - | ' |

The invention relates also to a carrier material wherein a layer of the composition accord-
ing to the invention has been applied to at least one surface.

Th_e invention relates also to a carrier material wherein a polymer layer of the composition |
according to the invention has been applied to a_t least one surface. The polymer layers are
optically transparent and are therefore especially suitable for optical detection methods.

. .



cially hi gh degree of adhesi on. Known adhesi on pronoters for glass-are, for
exanpl e, poxy- gl yci dyl oxy-si | ane, 3- azidopropyl-trl ane or
3-am nopropy% ﬁl et hoxy- silane. The surfaces so treated Pglnljﬂgﬁ@gdrther
modi fied, for exanple with O (Nsuccin-

i mdyl)-6-(4'-azido-2'-nitrophenyl an ng)-hexanoate. It has proved

especi al |y advanta- geous to treat t tel%surfaces with silanes of

ethyl enical ly unsaturated carboxylic acid esters, for exanple methacrylic

-~ acid 3-trimethoxysilyl propyl ester, because in the pol ynmeri sation the |ayer

can be anchored covalently to the surface Known coating techni ques are,
for examdlhe inveptierarslates alsorteran opucal s¢asprf wherpiplai polymarriayes pf thgicompositien i ng,

curta| n %@éifrdxﬁ?td)&xe iReRes lﬂis'b)ﬁen WIxedQ@ﬁtléﬁgoﬁsu%wlﬁﬁﬂ ogrﬁ ?ﬁoect i vely.
i's especi al ected with

%avanhgqeousthat tin |tsel%can

aqueous eRReHRST IH Areferiih ne P@&%sqnae"g upropRore foRp Peﬁcme?nbm be
used. Thaydrophilit polymeelagéres al so to a carrier materi al wherein a | ayer of
t he conposition accord- ing to the invention has been applied to at | east
one surface. The invention relates also to a carrier material wherein a
pol yner [Thpdnvention wlates@lsoda thei usa ofitheseriorsaccerdingdo theviavaniion forthe been
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t ranspar Efl?t and. ar.e there% {,le eci al | fo ﬁ ptical det ectlon
met hods . iny¢AtgR ﬁfg'gggre y n roton-sen uve uorophore or pH detection present

PCT/ | B95/iDth8hydrophilic phlymeniayat.i on rel ates al so to an opt i cal sensor wherein
a pol ymer |ayer of the conposition according to the invention has been
applied to at. least_one surface. In this formof the invention there is
pr ef er ablTje iRyeption rsiues alsoite p pelymey Sosphesmapasision grearding & theinventiesnt i n a

hydr ophi lpieferBlly ¥i'ihe fbidty 6f an ukl3gp mmmathxéteéaatbes:sat (ﬁ&:ctl a§£‘x?o§t§,‘il Of the
Sensors accor

e inv nt|o or th L d atl n I ons
and gas eéexts%&hgﬁgweg i AT typﬂg&rmpfe 8’2&‘&)‘%‘) atyﬁrs ﬁﬁt of the
i nvent i ogatrieematerisl qriby meaadbf palymenisatiomirsmondds.i ve f1 uor ophore for pH
detection present I n the hydrophilic polyner |layer. The invention rel ates
also to mer. froma conposition according to the invention, preferably -
in the fgthfengﬁg %mcﬁt???ﬁﬂg e} maerighmay, v o geclﬁﬁi“ E¥teRsc fargxamplen opt i cal
sensor. Timayls mmﬁmijﬁb&s,cdyhadmdphéres cui:cﬁqﬂreubésyAtketpeedﬂblagret he | ayers

from the mgéﬂfetv SRl iephyni2h cBtik amegstn&mnm shdle: elertnwm, 4 fi%ag THE

geonetric s e carrier erira cat. extent;
for exampe @ade Planar sensors are preferred The carrier matenal 1s preferably transparent It

may be, for example, inorganic glass or transparent plastics, such as polycarbonate, poly-
esters, polyamides or polyacrylates or polymethacrylates In another preferred form the
carrier material of the optical sensors is u'ansparent and preferably consists of glass or a

. transparent polymer

The planar sensor may have any desired external shape, for example it may be square,
rectangular or round. It may have a surface area of from 0.01 to approxxmately 50 cm?,
advantageously from 0.02 to 10 cm2. The measuring region of the sensor may have an area
of, for example, less than 5 mm?, preferably less than or equal to 2 mm?2. The measuring
region can be identical with a fully coated surface of the sensor. Advantageously a ceating
provided on both sides but locally separated can be used.

The thickness of polymer layer (b) may be, for example, from 0.01 to 50 pm, preferably
from 0.1 to 25 pm and especially from 0.1 to 10 p,m

The forms of the invention menuoned above are subject to the same preferences as those
indicated for the composition accordmg to the invention.



it may be in the formof fibres, cylinders, spheres, cuboids or cubes. Al so
possi bl e aw® 9512898 ghf | ow systens i n which conti nuous neasurRGEIPOS003P1
successi ve neasurenents can be made. Planar sensors are preferred. The
carrier material is preferably transparent. It nay be, for exanple,
i norgani ¢ gl ass or transparent. plasticsi3such as pol ycarbonate, poly-
esters, polyam des or polyacrylates or polynethacrylates. |In another
preferred formthe carrier material of the optical "sensors is transparent
and preferably consists of glass or a transparent polyner. The planar
sensor may have.any desired external shape, for exanple it may be square,
rectangular or_round, It may have a surface area of fromO0.01 to _
appr oxi mafléF polymerisgtion;of theawamsa@eaeeq@ns e anyentipn canpbegarred qut using
ge%s#r i n? tﬂe?ﬂmﬂrd@folri ﬁtelaarbaqempaﬁmrawl eaamgreem@ﬁo é mo;?@arﬂr@fmbgﬁ s than
err r S 0 a er e neasur ng region
can be |d£‘r?{‘?‘}€6a %B%-Jah Rjr"r‘{l’@b"é q‘é’u‘iﬁ’éé”%@“ﬂéa PRI thgeous| y

a coat i ng that casede dnapeast in tempemrelasrmenwaﬂlegrlsembumdd 'tmaccbleratmhd. The
t hi ckness I lylnﬁa\‘ 0.01 to 50 [err]m
pref er abl y%?%?n%‘%sto ngnfgrmrsf espg(? i | wﬁ%résgeqﬂ'to 10 [err]m The

forms of the invention nentioned above are subject to the sane preferences

as those iRogliheaegemination Bfcatioiatd dnich3 me%@eﬂ&anpamﬁmbm(méd WO
95/ 29959 BCTL| BI5{ 00301

-13- The B 8??%’”%‘4’& coptagt with the, a&f’r‘ﬁ'&‘é SPYHRR RRodBeeAs AFeft ofinterastion, #itBn can
be carri edheogdicater dye 2 ¢hangeiin the absomptinnsor gmissiopiin thedfote o @ measnrable f or

ohot bpol fyrs s 9“3‘%‘*’8“*@ CRRAAREHE N M ATk Rs AL R EPE e an
i ncrease P e‘iy gﬁ@ ‘ﬁ%h?éf P%S?E?&ﬁ“dd@tﬂs‘b’ﬁlﬁmmgF&%’e t he
rﬁacéI i on. tﬂaneemnivuyembemmlseasﬁrewmeﬁate&mmum aﬁﬁappkﬁawairlxﬁcﬂidcﬂy\ ‘For

t he deter t

ncor por aibAR S fabfis HnE At ALARG dri6Ytaofs B RRA b LB et
produce agnipatioagf Ipptassmmm é¢sanb¢dafpwamplphw TrnWenat exral.dyéoxanelmfm};mn n the
absor pti ores&hc@lvow D, 2rbatg9@9§ 98 @992 N8 e bARBed lﬁaﬂilo%&ﬁﬁao%dtow ng

opti cal determ ﬁ rule in such s sterralgé as tetra-
phenyl bomce?s %FF’B‘HHFP?“ BHins by sensqrs apdpg different depepdencies ondbg or dye
is prot on-imécrstrdngﬂeqf théimeasneing isplution is desoribbé inDEIA-36I30935 and tan beor t he

?ﬁtee(rjg‘t gfmhx‘ri]‘ialgl Ténixﬁf‘ogiiﬁélg Bitlf ol schébi’é £c%§ltd#ﬁ§ rb’i!he“i'ﬁb@cfoﬁhﬂbgr %983 h2as or

catt ons
for measurement may be selected from the UV range by way of the visible range to the

" near IR range (NIR range) the choice is substanually dependent upon the nature of the
dye indicator.

The hydrophilic polymer membranes preparec. according to the invention are especialiy
suitable for the optical detection of the pH value in aqueous electrolyte solutions in the
physiological range, for example in blood or blood serum, if a proton-sensitive fluoro-
phore is present in the membrane.

The method for the independent, reversible, optical determination of the pH value and the
ionic strength of an aqueous sample (electrolyte solution) with the aid of two different
sensors in accordance with the fluorescence method can be carried out, for example, as
follows: two optical sensors, which are each composed of polymers of different structure
but each contain the same fluorescent dye and which each consist of a coated material
according to the invention, are brought into contact with an aqueous test sample and
irradiated with exciting light, the fluorescence is measured and the pH values and the ionic
strengths are calculated from the measured fluorescence intensities with reference to



m nation of potassiumis described, for exanple, by T. Werner et al. in
Jour nal Fluor- escence, Vol. 2, No. 2, pages 93 to 98 can be
carried 3&99%%F%gousl y to that process. The pH determ na%%ﬁ%@%g t wo ,
sensors having different dependencies on the ionic strength of the
measuring solution is described in DE-A-3 430 935 and can be carried out
anal ogously using the sensors accordird§-to the invention. The radiation
used for neasurenent may be selected fromthe UV range by way of the
visible range.to the near IR range (NIR range); the choice is substantially
dependent upon the nature of the dye indicator. The hydrophilic polyner.
menbr anesaljhratiparcadveaccording to the invention are especially suitable for
the optical detection of the pH value in aqueous electrolyte solutions in

t he physiol ogi cal range, for exanple in blood or bl.ood serum if a

pr ot on- s 8hdgtdil, aprecedere sayhesamicdpupinsehish, after calibrationyyyidhamplasof kaewmd f or
the i nd?mwﬁhg?raﬁuﬁ@mbbn, :henhbﬁeaéenefinﬁtrnm ﬁ{édﬁfhclﬂﬁrtith*aﬁeﬁbwz&?ﬁ anddt h]g%
ionic stren an aqueous. sanple (el egtrol yte sol utian .the aid o
o i 1 1 BTSN ofaisiivet ERSRioR deRsubid O hsebrises Soliihgans St imian  be

carried stngthfand theplipd the nzcasured floovsscencedintepsitycart deenmined by edlcultiar. e each

conposed YR ' ' sane
fluor escgﬁ% “‘S%e _anﬁ%ﬂ%lggﬁh{é‘%gﬁ%&%g%gﬁﬁng %a&%%b&?@%c%}a‘ﬁgﬁ%ﬁrr ding to
t he i nvef¥ampie udpga patsiyrecognition algerithm: Using thegalenariop methedsthe sHasde and

i rradi at ¢@ ivhit Brehge danfben beGidtermired ffdmidk efcasieMentsdatbstiained] Batfprehe pH

val ues anﬂ@térhe i Oﬁl c §t r%hs are cal %I ted fromthe neasured _

I uor esc SHIPEHORARA SHpqt SAIREFRAT GRBPE FEREA 0P, wo 95/ 29959 e
PCT/ 1 B95/ 00301 -14- calibration curves. In detail, a procedure may be ‘
carried QHt sdndordietronght it cdidch Widih-Ofhlibkdiidn SERRbRSorYitRe Wit Safhics.

strengt h._ and kpown pH,” the fluorescence intensifty 1 n contact wth an

el ect rol yt &g %lii?’l?ﬁ’ydﬁan EFRHWH’PE%W%P‘PFW) P’sw’d%%% HRMAKe separate

cont ri buttiroughfloW siyktem| he sénseisibeingtrizidin thduhedpira flow dell. SEvhahrfoaghfidwior escence

I ntensit r e Ul atial [ t bt ai ned from
the cali é?lgs_ta?%%g&g{tgl% a uatsei‘ngfegg/ﬂ @tgla%lr}f’ gtﬁfkgrfg}? ? gg{@zgn%que%utgit%g a pattern
recogni tP@ﬁcﬁiP@'@FeP@mseUsi ng the cal culation nethod the pH and the ionic
strength can then be determ ned fromthe neasurenent data obtained. Both

re- calibration and direct calibration.can. carr{ﬁq out
P As liag t sources gor exc1gng the?fuorescence itis poss1gl% to use amps (for example

mercury vapour lamps, halogen lamps), lasers, diode lasers and light-emitting diodes. It
may be adirantageous’to use filters to filter ouvt light of the wavelehgth at which the fluor-
escent 'dyé has an absorption maximum. The fluorescent light emitted by the sensors can
be collected, for example using a lens'system, and then guided to a detector, for example a

- secondary electron multiplier or a photodiode. The lens system can be so arranged that the |
fluorescence radiation through the transparent carrier, over the edges of the carrier or
through the analysis samplé is measured. Advantageously the radiation is guidedina
‘manner known per se via a dichroic mirror. The fluorescence of the sensors is preferably
measured while in contact with the calibration or sample solutions.

An example of the procédure for the measuring method is described in the Exampies.
The following Examples illustrate the invention.

_ A) Preparation Examples

Examples Al to A: Preparation of cOafed carriers (sensors)

~



The sensors are brought into contact with the calibration solutions or with
the test sIANMIMIIHVThis can be done by hand (for exanple usi RgVFP&PLs) or
with a suitable automatic throughflow system the sensors being rigidly
mounted in a flow cell. Such throughflow cells are known to the person
skilled in the art and they can be sinply-adapted to the particul ar

I ntended use. As |light sources for exciting the fluorescence it is possible
to use W lanps (for exanple nercury vapour |anps, hal ogen |anps), |asers,
di ode lasers and light-emtting diodes. It may be advantageous to use

filters tqfahlgieAiout |ight of the wavelength at which the fluor- escent
dye has an_ absorptio Xi The fluprescent |ight ijted b he, sensors
oan Do ol Flats BN P BE R R At R drshyleaned wih F0uvh S EuR haBebvide

det ect or, sbhutiondndthen aetivaeidin @51% nirtie a¢cidoThenadtivated phtesare thepbitinisddodtr. The
| ens syste € : : ' i at t he
{1 anspar efe R yIRCace s ARSIy aRo) Bier 15O LEOHARGEAG AL 348" 1O
sanpl e i s ofdhiomediylenchisaarylig asidamide. 2emg o f-2cnydoylamingflueresseinand 20:mg ef
known per sgm¥hiBmdpertxolisliffie He ddaed o4l bl sbiesHoRkRéréth alsthRk SE1RHEH 6f 1 S .

preferably measyred while in contaci wt e calj bration or |l e
Dot ut1 ons 4 ARE B umoreREmY memams n o) mbof dheSRlsamtamig S0 de s
descri bed resultifgembetareatectsansieived by ipipene nga plazeiyingson the heddraftasspinopatenwmdt | on.
(A)S o E; gfg; &h 8&553 gﬁ%ggt%%ﬂ&seﬁ a/Speddor 3000 RvoRoR! b itlieCRG foyrtidish! €' S
PCT/ | B95/ Oissthe coatsl plates ammpshen kapt in@npysn 864t for2 &3 hours:t Eeansgparerg nm
di amet er) qbrdids'havinglagRnatertayel oBabatit §Reh thiokAYsi X HBtSinS® The ipBlymith thyeen
activated .in 65,%nitri ¢j.d.” The activated plates are-then silanised with
met hacryl i@s§8?‘bm§9r}lap}°ﬂ€§‘ﬂ8§ysi |yl propyl ester. 150 [err]l of hydroxyet hyl
met hacrylate, 5 ng of N, N-nethyl enebi sacrylic acid-am de, 2 ng of _
4- acryl oylgxgr%!&gglsgorescei n and 20 ng of ammoni um peroxodi sul fate are added
to 4 m of n taken from a stock solution of 4 %gof pQthydro%et hyl

g

met hacr y| d@kass subsmates (Plates @f 48 muy diagmetarh g dirstnicaned with 381% sodiurp hydoxi
o o o AL GBS % 0170 TS ted s i it D
por i nut ePBAFO RO R BRr i oRyT BGEK o0 B ofteRRET R T e RERe Rk, Cuen
at 64 for of NN-gethylenehisatrydicspidranrite, 2 mg of 4-acryloylaminofluorescein and 10 mg of '
Irgacure 651® (photoinitiator, Ciba-Geigy AG) are added to 4 ml of solution taken from a
stock solution of 4 g of polyhydroxyethyl methacrylate in 60 ml of dimethylformamide.
50 pl of the resulting mixture are transferred by pipette to a plate lying on the headof a
spin coater and the plate is spun for 30 seconds ata speed of 5000 revolutions per minute.
For polymerisation the coated plates are then irradiated with UV light (365 nm, _
1300 puW/cm?) for 10 to 20 minutes at room temperature. Transparent substrates having a
polymer layer of about 1 um thickness are obtained. The polymerllayer has good
mechanical stability.

Examples A3 to A7:
In a manner analogous to that described in Examples Al and A2 it is also possible to

prepare the other membranes listed in Table 1.



substrates having a pol yner |ayer of about 1 [err] mthickness are .obtained.

. The pol yep has good nechani cal stability. Exanple

substrate ‘(’B%??@s of 18 mmdianeter) are first cl eaned WIA?HN% @%&)dl um
 hydr oxi de solution and then activated in 65 %nitric acid. The activated

pl ates are then silanised with net hacr&li c acid 3-trinethoxysilyl propyl
ester. 150 [err]| of hydroxyethyl neth&rylate, 5 ng of

N, N- net hyl enebi sacrylic acid amide, 2 ng of 4-acryl oyl am nofl uorescein and
10 nmg of Irgacure 651 (photoinitiator, C ba-Ceigy AG are added to 4 m of
sol ution taken froma stock solution of 4 g of pol yhydroxyet hyl
rrethacryl Eln 60 mM of di methylformam de. 50 [err]l of the resulting

m xture dransfeyr b¥no?1b 2t e ame! ah§ clo¥d-R8kGR %gg@g& of a spin
coat er aﬁf(??yrﬁe pl gt?ée ?gl spun 38" sec % gc y pee% revol utions
per minute. For polynerisation the coat pI ata§§nare then irradiated with
W |ight M}%ﬂ#@%@%&g—m

t enper at . Tra rat eg aV| a pol | ayer about 1
[err]mt w@nessr@ﬁ | ne - The B‘g r I ayeryq:gs good chani cal
st abi | i t yPVEEXanpl666 ADME A¥P | n a39&nne4 anal oglus to t hat20§escri bed in

Exanpl es pala and %aol tH @ al possugﬁe t® preparg the ot herygsenbranes
listed in_Jable 7%29959 Fe

PCT/ | BO5/HtEMA 1@70Ta9¥F1 BiMAer130r] 2 ny so!  nonomer 2[err]l g
Ny cross-PHEMIANG 270y DMFi aHBMAyels0r] 2 agentferr] PVP 106 600 DW

VP 440Ler 11, PVP 609 DME VP
o0 4 PEFMa 1600 DMF H}%ﬁo 279 e Herr o  AA

150. 2 PHBA 630 DMF 28iBsr] WENA4270 OF  HEMA 50 2
-5 20[err] PHEMA 270 DWF HEMA 150 2 . 5

ig% :; ; } Ew pol 160?py%§0 H% po g%laxméen PHEMA: polyhydroxigthyl meth-
40[ er r] [ eraclylats/[PHRMAy polyhydsoxypoopydl arehaciylue, PHEA. polyhlydrox glutylRidEie
pol yhydr w(\\/ﬁ't\;}wlpﬁ%ﬂaone, AA: acrylamide, HEMA: hydroxyethyl methacrylate,
HPMA: hydroxypropyl methacrylate, HBA: hydroxybutyl acrylate

3 4-acryloylaminofluorescein

4 N,N-methylenebisacrylic acid amide

5 ammonium peroxodisulfate

6 Irgacure® 651

sol = solvent _

DMF = dimethylformamide

B) Application Examgles |

Examples B1 to B8:
Two sensors are mounted one behind the other in two flow cells. The calibration solutions

or sample soluuons are metered and conveyed through the cells usmg pumps. The measur-
ing arrangement is thennostaucally controlled. The light of a halogen lamp (white light,
excitation wavelength is 480 nm) is passed thmugh an excitation filter, reflected on a
dichroic mirror and focussed onto the planar sensors using lenses. The fluorescent light (at
520 nm) emitted by the sensors is collected using the same lens system and guided by the
dichroic mirror via an emission filter to a photodiode. The fluorescence of the sensors is
recorded while being acted upon by the calibration or sample solutions. The measurement
data obtained from the calibrations are evaluated with a partial least squares pattern recog-
nition algorithm; the calculation method is then capable of determining the pH and the



acryl ate, PHPMA: pol yhydroxypropyl methacrylate, PHBA: pol yhydroxybutyl
acryl ate [WOr9529899 vinyl pyrrolidone, AA acryl anide, HEMA: m&(é’é‘?hyl _
met hacryl ate, HPMA: hydroxypropyl nethacrylate, HBA: hydroxybutyl acrylate
[err] 4-acryl oyl am nofluorescein [err] N, Nmet hyl enebi sacrylic acid am de
[err] ammoni um peroxodi sul fate [err] I-ngacure[err] 651 sol = solvent DW =
di met hyl f or mam de B) Application Exanples Exanples Bl to B8: Two sensors
are nounted one behind the other in two flow cells.! The calibration
solutions or sanple solutions are netered and conveyed through the cells
usi ng pu : KERsHY fhe o {Ebthink geshmbi cal ly controll ed.
The |i gh_[rn?)l%c gg’éﬁgl 'ogenﬂllead]rr%%(n\%/?]nire?g&?i ghtl,né&ég%?l?gti onﬁ\E/\/a\_/eI ength is 480 nm
is passed through an excitation filter, reflected on a dichroic mrror and
f ocussed The follokéngTabley gisetheetfects of the diffsrsmaneribrand campasitionsonltheght ( at

520 nm) ey tg&gf gﬁhgQ&b@&&ﬁ%%résﬁcn‘%‘&%s‘?ﬁfng? g&ﬁ;ﬁﬁ%@@@@@%%&ﬁ%@%&m and

gui ded by Ptk rcmrror via antems | ) ) The
f 1 uor esceneondy theipK, of thealye butalse theplibef theymeasupiag sglution.cnd dhrolatterin tura

cal i brat i giffahces ¥PrhxifRii fia@Bitenct e AR VIMBOBYY, irflgder Bhhdisiednd pM t he
calibrations are, ev I-Hat ed with a parti aI.tJ er?%t squareﬁbg%tr’t‘gég &)ﬁ&oq-
nition al 3o diedescrihed seaseristempi it Rrorsaryfor e domic SpEnefepEndrICE DB g ¢ he
pH and t hehe pK Whtibdy2AR8 9f the pH of the calibration buffer solution to be known. Table 2

PCT/ | B95/ A R Ay e Jall ; j ned
From the S cxmbles of BREECocht 30ty bl it o SRR MERRE BhpdtBbity el [
nmenbr ane eBapadofthe pH with different sgsen membrgne erapasitinasdieasars fionetheent dyes.
Si nce t he gyRjvrias THble hivihg iffeRdht Sonid StRAGMepbidRASies\&in to"SedecieAForpil Béed- Of
the dye but, al sO the pH of the nmeasuring solution, and the latter in turn
i nf 1 uence& PO axi mum f | uorescence intensity of the dye, in order to
measure the pH using the described sensor systemit is necessary for the
ionic strengfh dependency both of the pK[err] of the dye and of the pH of

the calib buf f er 520,I ution t;0 be known. Table 2 shows exanpl es of
f| uor esce®Plymges, t heflye“pK[ er r PKa andionicstengihc st r ifeRce®@pendency of the
dependency* displacement’

PVP A 6.3 0.02 : 0.02

PAA A 6.4 013 0.10

PHEMA A 7.0 0.28 025

PHBA A 73 005 0.10

PVP B 6.6 002 - 002

PAA B 67 - 016 0.10

PHEMA B 73 - 030 0.20

PHPMA B

7.4 013 010

! for abbreviations see Table 1 | _
C2A: 4-écryloylaminoﬂu01_'escein, B: 4-acryloylamino-4,5’-dimethylfluorescein _
3 at 0.1M ionic strength - \
4 pK, displacement between the calibration curves in buffer solutions of 0.1M and 0.3M
ionic strength _ ' | . -
5 pH displacement between the calibration curves in buffer solutions of 0.1M and 0.3M
ionic strength |



pK[err] and of the pH with'different sensor nembrane conposi tions.  Sensors
fromthe follow ng Table having different ionic strength de,lpneBr;d-enci es can

be sel ect¥A%¥¥P5HH deter- nination. Table 2 polyner[err] ¥C€ brr)
pK[err] ionic strength - buffer curve dependency4

di spl acenent[err] PVP A 6.3 0.02

o e M T e
0. 05 ' . 0.10 PVP . B 6.6 1N ' ’

0. 02 PAA B 6.7 0.16 g b. 1% PHEVA

B Whatds dlaimedis: 0. 30 . 0. 20, PHPMVA B 7.4
0.13 0.10 [err] for abbreviations see Table 1 [err] A

4-acryl oyl am nof | uorescein, B:. 4-acryloylam no-4',5"'-dinmethylfluorescein
[err] atl.@ composition compasingh [err] pK[err] displacenent between the
cal i brat@Gpn 4 WavGhe ot hédonse@l(y,i ons of 0.1Mand 0.3Mionic strength
[err] pé di z*)*acenent bet V\feq ‘t he c(gjgl hrati on curves in buffer solutions of
0. 1M andbd. #AeasAne POLyMSE Gt 3 least Qs dlefime gwgomer, .
PCT/ | BOKED 03 Tindiddlor djias thedbasit atruorareiof which ah olefiniopolymerisablengrousisng (a) at
.l east one ol gf 10l ’ _ | t one polyner of at |east one
olefinic m%@&&(@ﬁ%cggﬁg%gb@%ﬁit he basic structure of which an
ol ef i ni ddpolayleastiona et leasydinlgfiniccressrlinkang agenb8prdied directly or via a bridge
group, (@) akn cRae MMRNPSS d RikivherNatb@inititér, CT 0SS~ | i nking agent, and (e) an
ef fective anount of a polynerisation initiator.

2. A composition according to claim 1, wherein the monomers and polymers are hydro- (

philic and have a solubility in water of at least 1 % by weight.
3. A composition according to claim 1, wherein the component (b) polymer comprises at
least one monomer identical to (A), at least one monomer (B) that is different from (A), or

a mixture of such monomers.

4. A composition according to claim 3, wherein the component (b) polymer is composed
- predominantly or solely of monomer (A).

- 5. A composition according to claim 3, wherein the olefinic monomer(s) (A) and/or (B)
are present in an amount of from 5 to 95 % by weight, based on the composition.

6. A composition according to claim 1, wherein the component (b) polymers are present in
an amount of from 95 to 5 % by weight, based on the composition.

7. A composition according to claim 1, wherein the indicator dye is present in an amount
of from 0.01 to 10 % by weight.

8. A compositibn according to claim 1, wherein the polymerisation initiator i.s present in
an amount of from 0.1 to 20 % by weight. '

9. A composition according to claim 1, wherein the cross-linking agcnt is present in an
amount of from 0.1 to 30 % by weight.

10. A composition according to claim 3, wherein the monomers (A) or (B) are selected



2 A corrp05|t|on according fo claima1, wherein the nonomers and/é?ol rrers
are hydr o-wpleskeesssand have a sol ubili ty in water of at |eadcT Lei ght .
3. A conposition according to claim1, wherein the conponent (b) poI yrrer
corrprl ses at | east one nonomer identical to (A, a

that is different from (A), or a m xtun®-of such nmpn 5|t|on
according to claim3, wherein the conponent (b) pol yﬁm"ﬂul Wﬂ
predom nantly or solely of monomer (A). 5. A conpositkoncaccordi i3g claim
3, wherein the ol efinic nononer(s) (A) and/or (B) are present in an anmount
of from Sehi tﬂégréhpﬁfwﬁﬁﬂ?éubsmfe%y% 1daorke flicandicl. A conposi tion
according to claim1, wherein the Conponent (b) polynmers. are present in an

amount of from 95 to 5 % by wei ght, based on the conposition. 7. A :
conposi ti dh Acemnpakitog ﬁcﬁorﬂingltanrh;m\m;ewbsmxmthehydrdpmm adicdi(s) isfareretes®dt i n

an anount to
claima1, \f/f/ﬁé'r%% gll& gg%oﬁ&né ri sa‘{‘y a%%?g‘?’b?&‘)ﬁ glzlg{rﬂ &?ﬁﬁgﬁﬁggﬁ}g? of
fromo.1 mm@r%myachéqembongeddv@dmsmbﬂdg&cg@mm elefig BEOUR 1, wherein
the cross-1inki ng agent is present in an amount of fromO0.1 to 30 % by

- wei ght OS|t|on according.to. cla nmononers (A) or
(B) gare sg?e@f: s1 qmcgg;hgggg fialmql wherem eghdgegroupls HB) (A
PCT/ 1 B95/ Cm@io-all@lkne- FCOMNHenlkylenep, of ol efins substituted by at |east one

hydr ophi | |é(d)_a§( g&@en&oﬁw@%ﬁébﬁiﬁgy?ﬁ&m ding to claim 10, wherein the

hydrophi | i c rad| C romthe grqup pyrrolidonyl, am no,
primary anf leaerQin, 1akrberlkfess-cipS-adenéydr oxy, each bei ng
bonded dlrectly or via a bridge group to the ol efin group. 12. A

COMROS i 98 RS8RpShEsh ol ikt 1 ShElh bR 5icRbRERTAI LU dofreifThPhs
-C(O- O(ﬁﬁmmildI-C[err]al Kyl ene Oferr]-(Jerr]-derr]al kyl ene-,
-C(O-N+(Cerr]-Clerr]alkylene-O[err]-Cerr]-(err]al kyl ene- or

-Oal kyl ene-. 13. A conposition according to claim 10, WhEEEI n the nononers

(A or (B) correspgm%z%gaozrrulal RlerrJRerr]C=CR[err] - -

(1)

wherein R;, R, and R; are each independently of the other hydrogen ora hydrophob1c
substituent, and Zis a hydrophlhc radical.

14. A composition according to claim 13, wherein the hydrophobic substituent(s) is/are
selected from C;-C;,alkyl, C;-Cj,alkoxy, C;-Cyshaloalkyl, phenyl, halophenyl, C;-Cy4-
alkylphenyl, C;-Csalkoxyphenyl, carboxylic acid ester groups havirig a total of from 2 to
20 carbon atoms, -CN, F and ClL

15. A composition éccording to claim 13, wherein in formula I R; and Ré are hydrogen
and R, is hydrogen or methyl.

16. A composition according to claim 13, wherein the hydrophilic radical is -OH,

' -0-(C,-Cy,alkylene)-OH, -C(0)-NH,, -C(O)-NH-(Cz-Clzalkyléne)-OH_,
-C(0)-N-(C,-Cysalkylene),-OH, -C(0)-NH-C,;-Calkyl, -C(0)-N-(C;-Cy,alkyl),,
pyrrolidonyl, -C(O)-NH-C;-Cj,alkylene-NH,, -C(0)-NH-C;-Cy,alkylene-NH-C; - Cqalkyl,
-C(0)-NH-C,-C,salkylene-N-(C;-Cgalkyl)s, -C(0)-0-(Cy-Cyoalkylene)-OH, or
-C(0)~O -(C,-Cgalkylene-O), ,, 12-Co-Cealkylene-OH or |
-C(0)-NH-(C,-Cgalkylene-0), , 12-C,-Cgalkylene-OH havmg the same or d1fferent
alkylene-O- radicals.



wherein Rlerr], Rerr] and R err] are each independent!ly of the ot her .
hydr ogen ophobi ¢ substituent, and Z is a hydrophilj

A conposi %8%5/%5%rdi ng to claim13, wherein the hydr @{’%%?uent(s)
is/are selected from{err]-Cerr]al kyI C[err] C[err

Cerr]-Cerr]hal oal kyl, -phenyl, hal op f@ Cerr]-de mm ﬂ"mm"
Cerr]-Cerr]al koxyphenyl , car boxyl | ¢~ 4aci d ester groupss Iof
from2 to.20 carbon atons, -CN, F and d. 15. A conposition accordl ng*to
claim 13, wherein in formula | Rerr] and Rerr] are hydrogen and R3 is
hydrogen or methyl. 16. A conposition according to claim 13, wherein the
hydr ophi |17¢ Arcqmpesition sccording tolgin] bwheredp theicpmipryeéns ()polytheriCtapdsefier 1 ] ,

- A O) - NH-df lesvanle nidridirel A K4l tﬁﬂ@se&é monomer A%
-C(O-N(derr]-Cerr]alkylene)[err]- ((,( )-NH-Clerr]-Cerr]al kyl,
-C(O-N(Cerr]-Cerr]alkyl)[err], pyrrol I donyl ,

- C( O - NH-18[ ArcompG§igon ]ua:bid}ilgeme:lzhh{ kmwherein the component (b) polymer has a mean

g((co)g NH@%‘H”‘%@{‘PV’F@ ene- K‘LH?%’Q‘?H g[g::]gl tg;:)[err]
-CO-0(derr]-derr]al kyl ene) - OH,

O - O (16] &rco 61 dctb Am@dpmﬂm@[ § EOF
g((og NHE?[CZ C}érglglgyl e%cg ig){[err] Cerr]- qgrerll%%%g]ﬁ?é( hav?%hl?klille same or

di fferent al kyl ene-O radicals. WD 95/ 29959

PCT/ I B95/ 00301 - 2RHCECRsAXdpdyposi tion according to clai @}, wherein the
conponent (b) polyner is conposed of the sane nononer (A) as that used as
nmonorer (A). .18. A conposition according to claim1, wherein the conponent
(b) pol ydergils a mean nol ecul ar wei ght of from 1000 to 1 000 000. 19. A (

](c:orrpoismuqn as:melhsllitﬂRSCisﬁrﬁbgenlor\/\?e(rjel n the indicator dye is a dye of
‘formula | err ye
(rn) vvherﬂé Iﬁ‘r%ﬁéﬁ%@%nd Rl err] is hydrogen, or R[err] i s net hyl

and R erq |ssll)|9d1,ogen is O0Oor 1, X is a bridge group, and dye is
t he nonowal end 3 b ;m@ dye .i ndi cator. 20. A conposition according to
claim 19, dy\e!\/ner emonovalesntrl%q a?%?n ?en%leLt%;r] 's hydrogen or

20. A composi’tion according to claim 19, wherein R, is hydrogen and Rs is hydrogen or
methyl.

21. A composition according to claim 19, wherein q is 1.

22. A composition according to claim 19, wherein the bridge group X is -O-, -NH,
-NH-C;-C,alkyl-, -C(0)-O-, -C(0)-NH-, -C(0)-NH-C;-C,alkyl-, -NH-(CO)-O-,
-0-C(0)-NH-, -C(0)-0-C,-C,,alkylene-O-C(0)-, -C(0)-NH-C,-C; ,alkylene-O-C(O)-,
-C(0)-0-C,-C;,alkylene-NH-C(O)-, -C(0O)-NH-C,-C;,alkylene-NH-C(O)-,
-C(Q)-NH-C,- Clzalkylene-C(O) -NH-, -NH-C(0)-0-C,-C;,alkylene-O-C(O)-,
-C(0)-0-(C,-Cealkylene-0); 4, 12+, -C(0)-0-(C;- Cealkylene-0), 4 12-Co- Csalkylenc-NH-,
-C(O)-NH-(C,;-Cgalkylene-0); ,, 12-C-Cgalkylene-NH- or
-C(0O)-NH-((C,-Cgalkylene-0), ,, 12-CH,-C(O)-NH-.

23. A composition according to claim 1, wherein the cross-linking agent is selected from
the group consisting of acrylic and methacrylic acid esters and amides of polyols and poly-

amines, divinyl benzene and bis(dimethylmaleinimidyl)alkylenes.

24, A composition according te claim 1, wherein the polymerisation initiator is an organic



Fret hyl . 21. A conposition accor di ng to clai m19,. wherein q is 1. 22: A
conposi ti oWOE8Mi ng to claim 19, wherein the bridge groupPS@ESAMN Ny
~-NH-C[err]-(err]alkyl-, -C(O-0, -C(O-NH+, -C(O-NH+Cerr]-der yl -,
-NH-(CO -0, -OC(O-NH, -C(O)-OC[err]ZiC[err]aIk ene-OC(Oi-,

-C(O - NH - | kyl -0CO-7r21- . ,
(G0 -0 Glerr] Clerr] Al kyl eno N+ GO - ) O AR
-C(O-NHCerr]-Jerr]al kyl ene- Nt C(O) -, »ocoLo

" -C(O-NHJerr]-Cerr]al kyl ene-C(O - NH, :

- NH C( O) - Qzblcempburid, péroka cbmpounst; Fbr@ﬁéaisulfate or 3 photoinitiator that can be activated
-C(O)-O(aet%ﬂaﬁ%err]alkerne-O) err], : : : :
-C(O-0( ¥e -f'err]al kylene-O[err]-Clerr]-Clerr]al kyl ene-NH, =
-C(O-NH(Cerr]-Cerr]alkylene-Oferr]-Clerr]-Cerr]al kyl ene-NH or

- C(O) - NH (45Cla : I ] 2 : g o I - NH . 23. A

conposi ti on'a%%ﬂ?&%gﬁt%&lé{ﬁékﬁ??ﬂvﬁgﬁgﬁ%gﬁ%%gsgé%?ﬂglki ng agent is

sel ected fromthe group consisting of acrylic and nethacrylic acid esters

and am des26)fA ¢umpositidn abebrdink Yo claith B Swherélin\thé iy drstobRIBosMtkrs (A) or (B) '
bi s(di rret'héll r’rgtlf #gﬂ%%%ﬁl kyl enes. 24. A conposition according to claim1,
V\hereintheonﬁ ‘@ initiator is an organic WO 95/ 29959
PCT/ 1 B95/ 00301 -21 - azo conpound, peroxo conpound, peroxodisulfate or a
photoinitiator thatg gap-bR.Agtivated by radiation. 25. Ac osition
according to claim llfR%\/\hib%% conprises a solvent. 26. A con@i tion
according to claim 3, wherein the hydrophobi c mononers (A) or (B)
?Flr Ir )es &9} ndwhereih®; PR} and Rﬂxereazcﬂnaéﬁehﬂeﬂ] ofithd ot}(?]r hydaogen oa a hycllroph?bic 'h )
er . r1ls, }l ﬁ?. rr.] are each independently of the other
hydr ogen osﬁlbght%ng‘r%%% i% )rsu S ?‘ﬁ%‘ﬁfﬁl' and Y is a hydrophobic radical. 27.
A conposition according to claim26, wherein the hydrophobic substituent(s)
lqs/ ar]e ?'%hﬁéﬁn{ﬁo@iﬁbl %s&l dﬁ&inglﬁ@élﬁiﬂn?h&%whe@ ﬁ{erﬂy‘dg]pﬁfél[ii]ﬁh He)isfare
err]-Cler oal Ky n 0 n rri- rr]- al kyl phenyl,
derr]-d e%eﬁ%ﬁm h‘gi%%,‘ﬁcéfgw"i" , (gb' hé&@b’h QPWi? et Gi-Eat al  of
from 2 to #kylphenyhIC,C@lkoxypHehlyl, EarbouylicClacid2Ster froupsihnbng a @taldE GOHOR Ry t O
cl ai m 26, m%rﬁt&ﬂ%f-éwlaﬁdﬁl Rlerr] and Rl err] are ‘hydrogen and - R3 is
yl. ]

hydr ogen or ne 9.7 A conposition according to claim 26, wherein in

formula Il Yis (Jerr]-Cferr]alkyl, (err]-Cerr]-
28. A composition according to claim 26, wherein in formula Il R, and R, are hydrogen
and R; is hydrogen or methyl.

29. A composition according to claim 26, wherein in formula I Y is Cl-Csalkyl, C,-Ce-
alkoxy, phenyl, chlorophenyl, C;-C,alkylphenyl, C;-C alkoxyphenyl, a carboxylic acid
ester group having a total of from 2 to 10 carbon atoms, -CN or -Cl.

30. A carrier material wherein a layer of the corﬁposition according to claim 1 has been
applied to at least one surface. |

31. A carrier material wherein a pol'ymer layer from the composition according to claim 1
has been applied to at least one surface.

32. A carrier material according to claim 31 that is planar.
33. A carrier material according to clairh 31 that is transparent.

34. A carrier material according to claim 31 that consists of a glass or a transparent



al koxy, phenyl, chlorophenyl, Jerr]- ([ err]al kyl phenyl,

Cerr]- C[err]yal koxyphenyl, a carboxylic acid ester group having a total of
from2 toW bn atoms, -CN or -O. 30. A carrier materPGf ®1n a ’
| ayer of the corrposi tion according to claim11 has been applied to at | east

one surface. 31. A carrier material wherein a Whe

conposition according to claim1 has bé2n applie o at |eas surface. -

32. A carrier material according to claim31 thz&” Uﬂ'lmnu A carrier
um ' rrat eri al

material according to claim31 that is transpar
~according to claim31 that consists of a glass or a transﬁarént*

95/ 29959 polymer. _ PCT/ | 895/ 00301
-22 - pol yrrer 35. A carrier materi aI according to claim 31, wherein the
pol yner |ayer has a thickness of froni0.01 to 50 [efr]m 36. An optical

sensor éwraerpmtstmﬂcqoa@tez talainhal, ocheprin thei polyraerdayer hasp thickoessiofh 1 has
been appl fr&f olA wBi50luRst one surface. 37. The use of a sensor according to
claim36 for the optical determination of ions or gases. 38. A polyner from
a conposition according to claim1, preferably in the formof- an

unsuppor t 36] Ani dptical sensor wherein a polymer layer of the composition according to claim 1 has

been applied to at least one surface.

37. The use of a sensor according to claim 36 for the optical determination of ions or
gases. ' '

38. A polymer from a composition according to claim 1, preferably in the form of an
unsupported film.



