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measuring trace concentrations of chemical species using the SEnsors.
Description of Related Art

Sensor methods and semsor films for quantification of volatile and nonvolatile
compounds in fluids are known in the art. Typically, quantification of these
paremeters is performed using dedicated senslqr systems that are specifically designed
for this purpose. These sensor systems operate using a variety of principlés including
electrochemical, optical, ecoustic, and magnetic. For example, sensor systems are
used to conduct optical inspection of biological, chemjcal, and biochemical samples.
A variety of spectroscopic sensors operating with colorimetric liquid and solid
reagents have been developed. In fact, spectophotometric indicators in analytical
chemistry have become the reagents of choice in many commercially available opticai

sensors and probes.



Optical sensors possess a nunber of advantages over

ot her sensor types, the nost inportant being their

wi de range of transduction principles: “optical

.S,.gcan respond to anal ytes for which ot .y
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materials for reagent-based optical sensors are often
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t he use of concentrated sulfuric acid solutions in
sensor formul-ations. In the case of cationic dye-HPA
conpl ex net hod, triphenylné%hane,dyes are comonly
used. The absorption band of tri phenyl nmet hane
solutions at a _.neutral pH usually overlaps with that
of the dye-EPA conplex. Thus, the pH of the test
nmedi a for phosphate determ nati.on has to be
controll ed below the transi.tion pH of the dye in
order to reveal the absorbance change due to
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For convenient and efficient application of sensors
as on-site test devices, self- contained solid
sensors are needed. Because optical indicators were
originally devel oped for aqueous applications, the
- WDRBWEMEZ at i on into a solid support is a ke)/I’CT’USM"S/']“11"4
PCT/ 1JS2006/ 041104 WO 2007/ 050463 issue for their
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transition pH of the dye in order to reveal the absorbance change due to formation of

 the dye—HPA complex. The known photometric methods have several disadvantages,
including requiring cotrosive and toxic reagents and, in the case of cationic dye-HPA

complex, being highly pH dependent.

Silicate interference is another disadvantage of the HPA methods for phosphate
analysis. A 3.0 ppm silicate in the sample water is known to interfere with cationic
dye-HPA method. The. commonly used molybdenum biue method is known io
tolerate up to only 10 ppm silicate éoncentrations. Silicates are ubiqﬁitous in natural
water and hence it becomes difficult to determine low concentrations of 'phosphate in

these cases because of the silicate interference.

Moreover, the reagents employed in known photoﬁwtric methods are usually
incompatible, leading to a stepwise approach to phosphate determination. The sample
is added to a reactor m(or confined location) with pre-existing reagents and then
‘exposed to the separately stored reducing agent. This instability and lack of chemical
compatibility of the reagents hinders a one—réactor approach, thus restricting the

developmnent of self-contained sensors.

For convenient and cfficient application of sensors as on-site test devices, self-
contained solid sensors are needed. Because optical indicators were originally

~ developed for aqueous applications, their immobilization into a solid support is a key
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to a method of quantitatively nmeasuring the
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i ndi cator and of the sensor film
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‘ ﬁﬁﬁﬁgggmgﬁmguantltatlvely nmeasuri ng the concentration
of chlorine in a sanple solution with a sensor film
sai d nmethod conprising: preparing a pHEMA hydroge
sensor film having a chem cal conposition conprising
-an indicator that changes its optical properties upon
bei ng exposed to the chem cal species in the sanple
solution; adding a sulfonated tetrafl uoroethyl ene
copol ynmer additive during the formati on of the
hydrogel sensor filmsuch that the additive m xes
with the indicator and hydrogel of the sensor film
wher ei n- the concentration of sulfonated
tetrafl uoroet hyl ene copol yner is between 1 and 7
percent (volune); immobilizing the indicator in the
hydrogel filmby formng an ion pair between the
i ndi cator and a quaternary ammoni um quaternary .
phosphoni um quatemary i nmidazolium quaternary
pyridi um quaternary pyrrolidinium or quat er nary
sul foniumion, wherein the concentration of
quat ernary anmmoni um quat ernary phosphoni um



There is also provided a nethod of quantitatively

nmeasuring the concentration of a chem cal species in

a sanple solution with a plurality of sensor films.-
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I ndi cator changes its optical property in the
sensoutfiltr a- vi ol et, visible, or near-infrared spectral

range upon being exposed to the chem cal species in
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the maximum absorbance peak (Amax) of the indicator using optical scanning equipment; and
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There is provided a self-contai ned phosphate sensor.
The sel f-contai ned phosphate sensor includes at |east
~one anal yte-specific reagent and at |east one

pH nodi fier. The sel f-contai ned phosphate sensor "may
‘be used in solution or as a solid-state device. The
nmet hod of determ ning PCT/US2006/ 041104 WO

2007/ 050463 phosphate concentration in a test sanple
using the sel f-contained phosphate is al so descri bed.
The anal yte-specific reagent may include a nol ybdate
salt and a dye and a sulfonic acid as

; he . rage
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absorbarnce measured from the sensor film.
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measuring the absorbance ofthe films at a wavelength near the maximum absorbance

peak (Amax) of the mdlcator using optlcal scanning equipment and quantifying the

concentration of the chemical species in the sample. sojution nsing the average

absorbance measured from the sensoT films.

The disclosure is directed to a 5ensor used in determining the

concentration of chemical species i 2 sample at trace concentrations. The sensor

ot film comprising a quaternary ammonium salt, quatemary

includes a hydrogel sens
phosphonium salt or @ quatemary imnidazolium salt, and an indicator. The indicaior

' ché.nges.its optical property in the dltra-violet, visible, or pear-infrared speciral Tange

upon beincf exposed to the chemlcal species in the sample solution. The indicator is

immobilized in the hydrogel film by forming an mn pair with the quaternary

ammomum 101, Wherem the concentrahon of quaterna:ry ammomum salt is

' substanttaﬂy higher that the stomhmmetnc amount required to ion pall‘

0 & sensor used in determining the

The disclosure is also is directed t
concentration of chemical species int 2 sample at trace concentratmns “The sensor
+ and an additive that increases

includes a hydrogel sensoT fiim compnsmo an indicato
where the additive is 2 polymer

hydrocel indicator, and second

the sensor sensitivity 0f 1esponse to chemical species

and where the sensor Fiim is prepared by dlSSOlV“mg

polymer in & common solvent mixture. The indicator changes ifs optical property in

the UV, wlira violet, visible near—mﬁ’aled spectral range upon being exposed 1o the

chemical species in the sample solution.

There is provided a self-contained phosphate sensor. The self—contajned phosphate sensor includes

at least one
agent and at least on® pH—momﬁer The self-contained phosphate

analyte-specific 1o
sensor may be ased in solutlon orasa solid- state dewcc The me’thod of determmmﬁ



. property of the sel f - cont ai ned phosphat e sensor
produced by contacting the test sanple wwth the
sel f - cont at hed phosphat e-sensor, and conyerAbngedHe
wo 2000088ge in optical property to the phosphate
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"the prior art will beconme apparent upon reading -
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contacting a test sample with a self-

i i e in. an optical
contained phosphate-sensor described above, measuring a chang p

' erty of the self-contained phosphate sensor prod_ucad by contacting the test
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. . ol
ined pho - d converting the change in optic
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property to the phosphate concentration.

The disclosure and its advantages over the prior art will become appar;ent up(.):}:l oo
reading the following detailed description and the appended qla:xms Wi

the accompanying drawings. |
BRIEF DESCRIPTION OF THE DRAWINGS
atures of this invention will become more apparent

The above mentioned and other fe

d the invention itself will be betier understood by reference to the followng
and the

£ the invention taken in conjunction with the

description of embodiments o
accompanying drawings, wherein:
| . ' i ordisposed ¢ substrate
FIG 1 is a cross-section of a self-contained SeIlSOId‘lSpQSBd*_aSV a fﬂm on g _
FiG. 1isa - : _

constructed in accordance with aa embodiment of the invention



FIG 4 is a set of spectra at different phosphate
concentrations for an enbodi nent of the

sel f-cont ai ned sensor of FIG 1 conprising

h- Pl 3MP- Zn- PCVi ol et Conplex in Dowanol. FIG 5 is
WOR0HEMSpect ra at different phosphate concerﬂqué'tlszB%@“”““
for an enbodi nent of the self-contained sensor of

FIG 1 conprising h-PBlV1P-Zn-PCViol et Conplex in

Ma! ¥ A cri@tdetfon bf e sBlflcontdngpientn af FOG. T i ventdcdivithn test
enbodi ment -of the sel f-contained sensor of FIG 1
é@ﬂlﬁrl si ng h-PlI 3MP-Zn- PCVi ol et Conpl ex i n Dowanol ,

obt ai ned by plotting absorbances at 650 nmas a

rfxenm D808 seBROS B HeQeERPGAALI Mnbdrvf FEGG] afted Sontactid with
spectra at different phosphate concentratiqgns for

tbmte@tmplp mskltingfin ¢ gange irf the epfical MERFTYH i Phosphafeenspr.
corrprl sing Azure C and nol ybdate salt in water. FIG

{ #i i GRbE ﬁieeﬁa gndlmfeﬁ@pﬁo@%me@coaaaﬁ%mr ok elnb&tliment of

cont al ned sensor of 1 conmprisin AZUTE C
tbmblfmﬂwmét sensayl of FIG. viaeemprisisig PR jelet frgmplex in

ISa\bsor bances at 650 nmas a function of phosphate
‘Wg%ntratlon FIG 9.is a set of spectra at .

‘ dlfferent phosphat e concentrations for an_ enbodi nent
RI6. § ks sbbf speoime ai didigrepbplhosphatyt coppegirationsoivp ep ginhefliment of

ﬁtﬁ%ﬁ‘?lé?oﬂﬁube 36 s&é‘b&aﬁﬁ} S1a|c5 nﬂgﬂ‘%%@ﬁkﬁ?é\ﬂdé C3mplex in

fve for an
®Bivfer gatxal ned sensor of FIG 1 conprising Azure B
and nol ybdat e salt in water show ng bl ue-tao-viol et

action ai ned by pl ot 5 t e
BE! élsfalﬁﬁ‘l}-]i’ria i Wvﬁﬁ%’fﬁﬁﬁ% &Jg%ncen %eﬁ ] o%?a??f?éer?‘s%gol g !
B ih TAPBNIP-E0HPCiblet Gumeeroddi Dowtnadf dbimned by plotting

sel f-contaj ned sensor. of _FIG. 1 co ing Brilliant
a@f lapcesgf fel ’é‘ﬁ@sﬁgﬁ‘%"é‘ﬂﬁf’gp@ﬁl’qﬂq Cﬁ’né%%‘ﬁ 0bt ai ned by

pl ott| ng absorbances at 622 rimas a functi on of

MBOP Rhadet of QRerD LI aiffetoit phdsplate dodcérirations for an embodiment of

| ow-concentration ¢ Ilbratlo urv
S Om Y b o TEel! SOmBERARY 6 129 s aRp g Wl
Azure B and nol ybdate salt in water, obtained by

- RIGO8 isian@limansn ana@ € anainbbBihenTofibe sl continednembr of FIG. 1
.cggggsegg o o 3 C ﬁ%)date salt in water, obta:lned by plotting absorbances at -

650 nm as a function of phosphate concentration.

FIG. 9 is a set of spectra at different phosphate concentrations for an embodiment of

the self-contained sensor of FIG. 1 comprising Azure B and molybdate salt in water.

FIG. 10 is a calibration cufvé for an embodiment of the self-contained sensor of FIG.
1 comprising Azure B and molybdate salt in water showing blue-to-violet reaction,
obtained by plotting absorbances at 650 nm as a finction of phosphate concentration.

FIG.111sa calibréﬁon curve for an embodiment of the self-contained sensor of FIG.
1 comprising Brilliant Cresyl Blue and molybdate salt in water, obtained by plotting

ahsorbances at 622 nm as a function of phosphate r_ccr)ncentration.



FIG 13 is a set of spectra at different phosphate
concentrations for an enbodi nent of the
sel f-contai ned sensor of FIG 1 conprising Azure B
and nol ybdate salt in polymer matrix. FIG 14 j _
WORPWFYPF on curve for an enbodi nent of the pet/saioneos
sel f-contai ned sensor of FIG 1 conprising Azure B
and nol ybdate salt in polymer matrix, obtained b
FpBol2 iing lawsondeatetion aalite8®nagnres fa Pumebe@mepy of the self-

hasphate c tration. Fl ' :
oBR R Rt s SR e T P A hHBIRE baltln SREE bhilined
b9 pRadismeRib@kest 1656 ainfas adaidion effplmspiets copberftagon. 1
conprising Malachite G een .and nol ybdate salt in :

lymer matrix, F 16, 1,S cal i bratj.on: : :
R et it CERRPL BBt SaRei P Pt Y b i of
{088 bonianthd MRhasr hoft BIC €eddndiigingDAMe & emdainblybdate salt in
pol ymer matrix, obtained by plotting absorbances at
pesmepmalis. a functi on of phosphate concentration. FIG
17 is a set of spectra at different phosphate

FEQNCER LAl duife BP 2 BRBSHiAEMt of fie delfecontained sensor of FIG.
sel f-contai ned sensor of FIG 1 conpri sj-n% Basi g) Bl ug.
b yplotting

1envenpising bvvareeBdt mp bl itk RAlEL MaERGOD e
HRUBLAL 6 LY Loty HRRABRLenRbide
selft-cont al ned sensor of “Fl 1 conprising Basic Blue

and nol ybdate salt in polynmer matrix, _obtﬁai ned by..
FfGoktis ngetatf spachant differsnt BIEPhate epncentiations oA gpbodiment of
phosphat & ¢ oneenterak] ; bifitedoraéd addf meRB&:E Sult i
ﬁgetseg%f’?efl 8%1 "%%?e{gb;fp atgg%ncl) cserﬁlgiglta%:%%s for anm B "
pevhedinaeint of the self-contained sensor of FIG 1
‘conprising Methylene Blue and nol ybdate salt in :
| yner M P = | | Ol hRE oBFIG.
Rl e Bl vy P ehfednel )i Obnp oAt o
1Covigiisiig gaihititayGrene ai weolpnitentsltyib ol anerainairixy obtained by

olBitemerorties sl Rt Griptibubr b bo R SARRIARRT

FIG 21 is a set of spectra at different phosphate
FUGCEis b st dfepsirh at didifereatrhlopiaie tononttatiens for an embodiment of

| f - I,ned f G . hSi [ I :
X S b e R L A

polymer matrix.

FIG. 18 is a calibration curve for an embodiment of the self-contained sensor of FIG.
1 comprising Basic Blue and molybdate salt in polymer mairix, obtained by plotting

" absorbances at 650 nm as a function of phosphate concentration.

FIG. 19 is a set of spectra at different phosphate concentrations for an embodiment of
the self-contained sensor of FIG. 1 comprising Methylene Blue and molybdate salt in
polymer matrix. ' ’

FIG. 20 is a calibration curve for an embodiment of the self-contained sensor of FIG.
1 comprising Methylene Blue and molybdate salt in polymer matrix, obtained by
plottiﬁg absorbances at 650 nm as a fumction of phosphate concentration.

8



FIG 22 is a calibrati-on curve for an enbodi nent of

the sel f-contained sensor of FIG 1 conprising Basic

Bl ue and nol ybdate salt in a plasticized pol yner

matri x, obtained by plotting absorbances at 650 urn
wasooavodosssct i on of phosphate concentration. FPGI/U3EM6/041104

illustrates absorption spectra of a nolyb date sensor

filmaccording to anot her enbodi nent of the invention

ﬂf} 9 i fsfa.e rnglft 5 QBJ‘ ay 39 gﬁfe?en‘f gﬂ(%gﬂ%’(é @(EI{CEIHIQHHOEJ ﬁl’ m%émbodiment of
i1 fistiarted R response curv or e sensor filmof .
the 63lf-2BitaifddGendly of|IRIGS rcatpaisiap BasiptBlon azheotybdatofsaly in a

E{iragne%i/&g] sensqr. accordi ng to anot her enbodi nent of
Recr YPIMET di f f erent magnesi um concentrati ons;

FIG 26 illustrates a response curve for the sensor
HIG| M2 fa daliGratiddcurkd GBr a? émbbdivsht ot ths sdibsntghicddeansor of FIG.

spectra of a_hardness sensor .accordi.ng to .anot her .-
e RIS B RSO 3 @IF R ipegRoTymer matri, obtained

sibivaRes of 6 S0Re A ﬂﬁ&ﬁoﬁlo;@?hé’s%hdté LorbAialies. a
response curve for the sensor filmof FIG 27; FIG

29 illustrates absorption spec, _of a cal.cium sensor
305} URREH bR TBIHETSEAT HeWbOt B TG 1§ pother
HitbGRIA0bE BAlTLMBNGPBERRLT AblyBAste: cddcbniradBnd;| | ust rat es

€
a response curves for the sensor filmof FIG 29;

FIG. 24 illustrates a response curve for the sensor film of FIG. 23;

FIG. 25 illustrates absorption specira of a magnesium sensor according to another

embodiment of the invention at diff_'crent magnesium concentrations;
- FIG. 26 illustrates a response curve for the sensor film of FIG. 25;

FIG. 27 illustrates absorption spectra of a hardness sensor according to another

embodiment of the invention at different concentrations of magnesium;
FIG. 28 illustrates a response curve for the sensor film of FIG. 27;

FIG. 29 illustrates absorption spectra of a calcium sensor according to amother

embodiment of the invention at different calcium concentrations;
FIG. 30 illustrates a response curves for the sensor film of F1G. 29;

" FIG. 31 illustrates absorption spectra of a sulfite sensor according to another

embodiment of the invention at different sulfite concentrations;
FIG. 32 illustraies a response curve for the sensor film of FIG. 31;

FIG. 33 ijllustrates a typical set of specira of a sulfite sensor according to another

embodiment of the invention at different sulfite concentrations;

FIG. 34 shows a typical response curve for the sensor film of FIG. 33;



FIG 31 illustrates absorption spectra of a sulfite
- sensor according to another enbodi ment of the
invention at different sulfite concentrations; FIG

32 illustrates a response curve for the sengor f
il m
WQPOEPIH6331: FIG 33 illustrates a typical ?’T’&IISZBWMHM

spectra of a sulfite sensor according to anot her
enbodi ment of the invention at different sulfite

FICOBS BRkkatd DasibraibfoomSd fehawkakinityishered response
curve for the sensor filmof FIG 33; FIG 35

[
Fl!gie@giz%l gt%esc%\ a@g%{lﬁrs{ﬁaﬁeglgg)ggs%{l%gw{}pﬁr Wp ?rléslré]taﬁﬂopl §ddition of

inS R do‘Abéeraﬁ&n HES PR HRE i aﬂ@mm serfsoi filon; eadi ng
concentration of Nafion polyner in the pHEMA sensor

film _and FIG 37 ill
Figi 39) WeriEede dHErEREt oo hal® TISORT B fa hheor el hon
.stﬂré){o Ifxlﬁﬂlr dn@uslaranRadonataing aaexRicosd et exiddal aon—mtumve

|t|ca on-intuitive rEIOHO ‘concentration

reBlaﬁlodi rongenaimproiiNefien i BB AuwREe ﬁé’&‘i’“‘?‘}é@%ﬂ%’é I?SE"“SG fs
obtamed.

Corresponding reference characters mdxcate correspondmg parts throughout the views

~ of the drawings.
DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described in the following detailed description with
reference to the drawings, wherein preferred embodiments are described in detail to
enable practice of the invention. Although the invention is described with reference
to these specific preferred embodiments, it will be understood that the invention is not
limited to these prcferred embodiments. But to the contrary, the invention includes
numerous alternatives, modifications and equivalents as will become apparent from

cons1derat10n of the following detailed descnpnon

Disclosed aré improved sensor material compositions and n;xethods for determining
the concentration of chemical species in 2 sample atg trace concentrations.
Embodiments of the self:contained sensors described herein can be used either in
aqueous or nopm-agueous solution or as a solid-state device. Such self-contained
sensors have the advantage that no post-addition reagents are required to determine
analyte concentrations and the analyte determination -tes’t Tequires a minimal number
of procedural steps. Moreover, self-contained sensors provide enhanced sensitivity
and a faster response time. Embodiments of the invention also provide a method for
determining chemical species concentrations in a test sample. The concenfration in a
test sample can be quantified using a calibration curve generated by testing samples

with known concentrations.

"~ 10



obt ai ned. Corresponding reference characters indicate
correspondi ng parts throughout the views of the
drawi ngs.” DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
invention will now be described.in the follow n
woledoaiioast description with reference to the Bﬁ’é/\ﬁgwé@“m
wherein preferred enbodi nents are described in detail
to enabl e practice of the invention. Al though the
i nvent | | S ' i cal gL, Optitdle&Bors possess 2
h%?i’é‘@??ﬁcgﬁjﬁrsgl#grgétg%%%gﬁ 1%%1?]?12{ it wi| Impbe nder st ood .
B df hevantagenovarothes sersor Fyipad, et lfqi’é’géntéieg’fgeﬁ?‘?’é gviee
enmbodi nents, But to the.contrary j HABs for which
P oL BB e AP FRds o Tpobd N BIAS, &
B HRIERE Botavaildbld. Alee,ovith @fioalrserrors i tyrpossible to perform not

- consideration of the fallow n et al ot d.on
oy S SirsE LI FESIOBAB Y S i POARP R Pl s BF bt are
%ﬁﬁn&%tbﬂ‘?%of e, 4Rk e TalhipieNGetbdiionc G oeithr at sepmingf reagent 1s
Ehem ca ' [

_ species in a sanple at trace concent rtat i.%r -
efnploged. miipos imbrapten withfthe apalye FBEFSe ALY & "HESE 156"
Sl (8RRt B dRGEOHCHMRE DAy buspHior,
fit o oorp%%l?ﬁ)o ’dl-a?trat_e device. Such =~ . . o ..
I §finbsc by, lnmimsreachlifetme hepelaRaipn gate; Fagnifiggndy, this
post-addi tion reagent.s are r.equj L Owaet BEThAGed by the
S@Iﬁélfﬁl@re%ﬁ‘ét@?ﬂ%&?%esaﬁh(fﬂp , agbggfﬁg?vﬁ}g det er m nati_on
& EFb s 58U fdSurdn@itniai@l caunifen afeiopwe e gthenyise  Bpablesome
‘Mor eover, self-contained sensors provi de enhanced
igterfrenceetiesfs.and a faster response tinme. Enbodi nents
of the invention also provide a nmethod for

ARLAGTE B inBRIBC Blo 2R nesterialsndenger thir opcal propertydn the
sanpl €.

. The concentration ‘a test, sa C
(080 visblegonneasrinired (B S ef%%%{éfo& %‘%"%ﬁ fo trace

t est i doBQY) TROGRAtE al paimser-based opmposition
Cg%%egggk,g)n?%gméeglé?%ontégi ned sensor is.an o%%itc&l xamle. @
®easidy inciidinigcalchaninabi sensbye eaalyls-SREFBRE redgpt (or e, &
dvant ages -over other Sansof tipesrit be comBiation of polymer
f?%eaf@gﬂ{,mg}g?%g %h1'él|8iF ELvvls’olg%gﬂan‘ge of t[ansg“lgai on o
BEtHES] aldeskiliept ek additieesy wherain the Sl frdprpéncss fopt & goution
for- which other sensors ot .1 AU iahle . TR a@lytélshétific
Gbs cAPPYEHS RS PIFET § ggéﬁ%b(}}esto%%ﬁgg{r@g# m not _on ]\ési:
roflich R tmm@bilikad @itiiattae bolgmer inatrintip dornt the sensor film. Examples

spectroscopi ¢ features of. .t a t s UiBdncluded. -

adisivesgre susfacipais ead é}ﬁ%bé'?’%ést LHtper adaitlves RHE dledfinclu
flﬁ%?cjl | pAGRALR ki LA et brarablatesdatddomaltestyhere an

~anal'yte species, such a reagent undergoes th

aiabbgs § neriains copricalasPeRed Bk P[a;?s 3E Ebémléﬁasé’ RS ddectod by the
| nel agt] L NGao P SRIeRideS Biankbiinigsspeid groperties (c.g.
?eﬂ?oéhiﬁ?%ﬁjﬁ%ﬁg%gﬁsceﬁ%e i fﬂg%di me orit pol ari zat i isn . blv. the
Ssaibance Stigrcdenan tasya futition sy analyte CoRAePERIony o PSEFPoN
conbi nes,.chem cal .sel ect i 4 Mot faah Rbdeeeusiig the film
PRIV R seagsy R ggsuérné\rérjé#eaﬁd c&apﬁ 0 te% over Cone.
Ahbe M dhenddia waipesee nbintfcfed byribepresdnee pEINCARERE gPGTS 25
to the invention, the sensor i 08elifificl  usin
pipvidedil Dy Be ST n ‘Ft’i‘l:}ﬁgf’?'r a\rﬁiefg?e e%l(‘%{%c’h?gi _gi ble, or 2
?ﬁ%ﬁbie%&i@fe%aﬂ@eté&ﬁ%ﬁ@émi ange: toiane skifobimtbe a6

race concentrations of the chem cal species. The
filmis a polymner-based. conpositjon genetall film
The Kgmifed gesportsetti 2RITed Fn ?I?%{hg ncéﬁ%')}’t%g{a g% e(%:fi e e éﬂsor
LEEUTH ¢ 1§1§6§iﬁ8ﬁ R addifibii0 cempeithtsan finofior. | Fataxawple, the
i'ndicator), a polymer matrix or conbination of

pol ymer matrices, and auxilildary mnor additives,

wherein the filmis produced froma solution of the
conmponents in a conmmon sol vent or sol vent m xture.

The anal yte-specific reagent is imobilized wthin

the polynmer matrix to formthe sensor film Exanples

of additives are surfactants and internal buffers.

Q her additives can be also included. The polyners



The desired response is achieved by tailoring the
.conposition of the sensor fil mwhere the conposition

i ncl udes additional conponents in the film For

exanple, the 11 desired sensor response is achieved
WR200H9048i ng t he oxidation potential of the PCI/US2006/041104
i mobi | i zed anal yte-specific reagent with sel ection

of the polynmer matrix conmponents where the pol yner

deBtedi %enSHROfRBE Ss akBietdidby | w@ildHngpthkysmdation| poterstial of the
desired that the sensor filmbe self-cqontained so it .
immebilinet nalite-Popidied TrRgFta R i EleGIPe et B gatatix
&Hxﬁ?ﬂeh{smvhérg %gﬂ?&@?ﬂhﬁﬁ@&?dﬁ@m@@ﬁi&@ﬁﬁl BRSfhers. It is
self- e 'u

contain ensors Include an analytespecific
degimegddimt trenwinsor filinrhediekficontaingd said dgesHent apye a need for auxiliary
"anal yt.e-speci.fic reagents" are conpounds that"
reea‘;%rif“lxlftslgﬁglﬁéﬁéml‘ n colorimetric, photorefractive,
phot ochromic, thernochromc, fluorescent, elastic
Tis oa¢ tmbodiment] thel dboveé-mesticed eelf-noptaipes! sersarainchule aarmalyte-

any. ot her ,opfic .Qper usef ul. f. t 4 -
50355 SBLA LB S L R
c&ﬁpcl)uhlﬂﬁ - thixe ekiibig dﬂﬁ:ﬁ%e Iih Scol@jmétric| phigonefrbativec phploeesic,
or salts, qrganic and.inorgani ¢ dyes. or, pi gments, .
ﬂ}?ﬁlﬁe“éf%lcaﬁg?f%% i éffaggl?ﬂ‘a’q SBWE?&S‘F@‘,‘E(%&"S%P‘&% and
ahy PP RIBAESR Soropd?Q BRI Crof [deREMRIZN ghyRfal, aibimicABkkd biological

combi nati ons therfeof. pll-Mdifirs in the sensors
spastoye Analytasfobeifis reggentyrpay inpluderprial gpmpleyes orsplty, geganic and
i grih ErySaRS WRdpaRiddh b dots i
1%?%”?’2‘{ g& egrc})?étjtuﬁgé’sgatr'}lgl g necha |a§ér?11 ’Tﬁe choi ce of ¢
fipbopbatts, imrgnibefiemneihotss pamdtther eoatbigasions thetgef. o
~anal yte-specific reagent used, but pH nodifiers. may

‘ pt—f—ﬁloclfi%grsgﬁ 'ﬂ%sé’éggogsc‘ E&ve 2 bt %Jd rya]ﬁtgﬁl%gz'g Q8o @b sensor
sensors “described herein may be used in solution or
faswiatibnglatsd atretatepHorlsich Eoprefepmbld foathaoyensifg mimshadss orfhe

cFived ofiirorte Frebai gopin i o bsr Ao dhs e vsed

vof pisuRbifRrsabymolude Bads)Bsses,wtalar e not linited to,
-dei oni zed water - (D water), 1-methoxy-2-propano

Dowanol )., et hanol one, chl.,orof orm,tol uen .
ThS PR Tepr T rE oo il JERE ot s
devikud! oy epplienidn offié Batlseng chilldionge corhlibs ablyelitdd chroaen for
R tene glcol, Shacetater 20d Bl 49h ! 2 ntute, s
a2Chdt RPN GionBRE Arat@S(IA walel)d 1 Shethdkydayopaiol ((DBwanol),
sensors- descri bed above are attached to or
ethpmpdbiabetoral piorefaran yieluenprakilene, engense nisenreryr alophply 2-

) . . . b _
AR50, SRy I SIS, il ol
dipcagiacmd phdlusm(@-dntyl tehmydayfuzh].ect det ecti on

properties such as selectivity, sensitivity, and

Pl DolicBhion 8t 3l 'sQB:cotiiBa St 38! £ sOFRH Bhtk Aekicktnd Behsors

described above are attached to or immobilized in a polymer matrix. The sensors are

then disposed as a film on a substrate. It is to be appreciated that the polymeric
material used to produce the sensor film may affect detection properties such as

selectivity, sensitivity, and limit of detection. Thus, suitable materials for the sensor
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filmare selected frompolyneric materi als capabl e of
providing the desired response tine, a desired
perneability, desired solubility, degree of
transparency and hardness, and other simlar ,
wobaraauer i stics relevant to the material of BCHSzMe041104
to be anal yzed. The polyner matrix of the sensor film

is Preferably a plastic film i.e., aresin film The
fesin.utili.z r pRoARAR theGRpiERIGS:
ﬁ@h@'§Qﬁ§%¢hﬁﬁﬁfﬁﬁgfﬁﬁﬁ§£ EQ%EEFﬁ i's dl%solved |nSlﬁjlﬂlse
tihfe @e@irwmmmmnyaaestrh@ sainlailipyy degspreof trinsparangy et bardness,

- becones .di sper he liquid be analvzed.

odoigs Ry et g B b R lerest io be analyec
appl i ed dlrectly to an already fornmed plastic film

Tﬁe’?&ﬁﬁeﬁﬂﬁt@ﬁl dfehd seu&)rﬂﬁhymmreﬁ:rab}yl ) plam;dﬁlrran@ & resin film.

vent is re e n1the fil
Thiehioisitised 50 FORE: O POPBICF Gt PP o (S S BbAfasions
T Yesfd srﬁlgs‘alx@d GRGKS Q(bllverﬁ @0t {8hthihe Gmallyte-spacific oeagent becomes
reagent. In this way, a reagent is |ncorE$ﬁate i.nto

disgreseiin he Hpid mecdimbo diIRERE ¥ 00 SR PR P fegont ey be
;thg(? QFS ﬁgqg aI? 8?5%1#19 rﬁe& I%ﬁﬁc #lo Shioche sMbbdSRniN pblymer film _
rn layer O e

al mxture and allowed to dr
isovede aacparsoémbnbﬁs Wélﬁm dhe film By pny keowR AReangpEch as

final, fil ess. i
g g% J?l% b%ktg Eho sérﬁg)? giep(ﬁ‘g #ie : aﬁ%\é@%mwﬁnﬁg 8t least
ol 1GERAE RNBis WRyEa Plagdre iahqupdra‘eed o m:ﬁlm sinpoge embodiment,

evaluatlon of onse, fil XPQ '
ﬂlﬁ@'ﬂ@@ﬁ aw]e%@%gymﬂﬁae ?nb 8‘1“%,"% gl ahn’g’b%a ot gf the
cﬁ 3%@0 e aLmd vﬁgg% d}%gvéill’_baﬂ)?ﬂoﬂ dfaamsl Hoetseeric thlf dark.
out and about pL of s er. other =
, Thfrrﬁuaitfé,math@k@f@ﬁ tsedpsirable hetfesh it ’é’g" &Rﬁ@?ﬂﬁ%ﬁ SHPPRE more
f t HesHRel L somidrénglesi rably
p%%%ﬁﬁ%e aﬁ@ﬁt g¥ﬁg&¥ﬂ%8% seco%ﬁg nor e %referably 1

- 500 seconds, and nore preferabl 5 - 300 Se%ﬁo nalvie,
Fom emimtxenmfdteﬂmtse fopighie waﬁﬂb Q BILCOUR SATP v

oRELRIE CASAEEBER sQfcch SR B8P Mclankiftc bhicebomice ybout 30

ter sanpl e can be present during the 4 without
phemd wbonte sl pLi of smple dlowgHt ofher HERQIBER ﬁsgrﬂontep:};;éat withou

rTEE dp ?%Zsﬂuﬁrf me 'ﬁ%ﬁﬁcg%éj 8{@.? SRR :E’:?d&‘urg &hRIS VBB between about

er €expo , and after water
0EX PaBU0 Gécohis, mcfrel ptdﬁaablgdboaﬁ)mmnda mred oeespreterablit 5 <300

d t t e
g 8 ppenpboment fie gt ppls, RSy A i rement
ofBLEkor UBed t AltghadyC ehd hﬁtaemm;ﬂe foah nberpyeserftf éoing the

the detection propert| uc sel ectivj.t
meesvesTnen {nyonesye apqthsr Fmgf’&&é’f‘% ?tte’i TRPRSUEFRIAL 15 Sps; opptignovsty
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polymers in a dry state (xerogel) as well as in a wet
state as described in U S. Batent No. 5,744,794. A
nunber of different nethods may be used to tie these
hydrogel s together. First, tying of hydrogels via
~‘radiation or free radical cross-linking of

hydrophilic polyners may be utilized, exanples being

pol y( hydr oxyet hyl met hacryl ates), poly(acrylic acids),
pol y(nmet hacrylic acids), poly(glyeeryl nethacrylate),



bl ock and graft copol yners of poly(ethyl ene oxide)

wi'th suitable polyners such as pol y(ethyl enegl ycol)

(PEG, acrylic acid (AA), poly(vinyl pyrrol i done),

‘ pol y(vi nyl P 006/041104
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- propanol .
polyfunctional monomers such as triols; and ceﬂulose derivates cross-linked with

dialdehydes, diepoxides and polybasic acids. Third, tying via incorporation of
hydrophilic monomers and polymers into block and graft copolymers, examples being
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The polynmer matrix of the sensor filmis preferably
perneabl e to sel ected anal ytes. The sensor film nmay
be sel ectively perneable to anal ytes on the basis of
size (i.e., nolecular weight);

wdndv/esplasbi ¢/ hydr ophi | i c properties; phase (®C&US2006/041104
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solubility; ion charge; the ability to inhibit
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reagent is a |ight absorbing reagent absorbing |ight
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anal yte-specific reagent is a |light absorbing reagent
absorbing light at about 750 - 820 nm |In another

enbodi ment, the anal yte-specific reagent is a |ight
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that a preferred nolar ratio of 285:1 (quaternary

anmmoniumion:indicator) is desirable for a particular

nmol ybdat e sensor. By conpari son, an optinmum nol ar

ratio of 18:1 was determined for a sulfite sen
W(WOlﬁﬁMiﬁbel ng limted to any particul ar eprﬁT{ﬁ%gﬂ“‘”W

it is currently believed that the physical change

t hat occurs when anmounts of quaternary anmoni um i ons

PO AL @b JeRBImétieorplate) (SHEMA) clidsblved: ima entvent inghidaeef 1-
present 1n the filmis the formation of mcelles that
m@hwzrmopalwhan a single indicator-anal yt e conpl ex at

its surface. Ligand-nmetal ratios greater than unity
TR n@ﬂ %nirﬂi BB thel fndoRgilArie @%fﬁﬁbl@fpenm&abmcselnc@élahéﬂes
can

lead to enhancerrent e cte
Thel Sensoy Fd0ETN P P HE AOTPRED @@%@é&aﬁhﬂ ey Rt ez §re-
the Ricof phise (ire p@hethéro the
m 18015 % e)’omﬁgr%?ﬁexenpl ary p?ﬁ)ﬁoses an by vay
ar@fytd s mliqaidl, g drsolio sdplyititg il chprericth ef@%f-" it diffusion
e ltetra g8 s le besides the
OtI()‘?B?)‘ﬁ‘?l R‘i’lﬁ'}‘é‘;iatfn}at?qgf%ébae ed- be‘fl ndi cator . oy Eszt’r()esrln ,
anhiVee RcH$RP 6fane, @Mfemmpwﬂmgmwgﬁmﬁc .
shown to i nduce a significant bathochrom c shift of

P Red- chel ate ab |
Theralvier PECAE FReiDT ot MEoRe ) L B O h SRl i o
proliieQhd) SénkorafilRD NiMumeriabl tilized ds ianalythispecifi¢ raagends bepergte
th respect to structure _
o S by LSk ST A B Sl
e@%\ﬁg” efgtigicardR PGt lexﬂubﬁtcﬁ)ldrﬁ@etz%‘[aphomreﬂmd, blyo’cochromm

ected quat ernary -anmoni um saJéts on. HEI\/Alfllgw en,
tlmamcbwmldsafblbl@s@nh Al Featiring, Be F‘ilfeﬁ"'g‘ﬁ ARG O Y

‘%gl{)%%h%})a T ﬁ%&ﬁfﬁﬂfdeﬁaﬂ\éﬁpﬁyﬁcm Whemcaleinti dolngitdl species.

ary anmoni um-sal't AnrBx (run)

ABsipteispadific et genisa deshyded iongspiey lap@ nipprerniemeyRT (! pigments,
ngnlycgrg e) panoparticles, gquantum dots, organic fluorophores, ‘inorganic

- fluorophores and similar materials.

Exémbl&e of compounds which can be used as analyte-specific reagents include

organic dyes, organic fluorophores, fluorescent dyes, IR absorbing dyes, UV

absorbmg dyes, photochromic dyes, thermochromic dyes, sulphonephthalem dyes, _
_ and other known dyes that may be used for this purpose. "Specific examples of dyes
" include bromopyrogailol red, xylidyl blue I, chlorophosphonazo [, brilliant green,
xanthene djres such as rhodamine B, thodamine 6G, eosine, phloxine B ‘and the like,
acridine dyes such as acridine orange, acridine red and the like, azo dyes such as ethyl
red, methyl red and the like, porphyrin dyes, phthalocyanine dyes, cyanine dyes such
as 3,3-diethylthiacarbocyanine iodide, 3,3"-diethyloxadicarbocyanine jodide and the
like, merocyanine dyes, styryl dyes, oxonol dyes, triarylmethane dyes, methylene
blue, phenol blue and the like. Other dyes including pH sensitive dyes such as
bromiothymol blue and bromocresol green may similarty be used. Fluorescent

materials which may be used as analyte-specific reagents bond to specific
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620 I 1 BAB (tetrabutylammoni uni brom de) 615 TBPB

(tetra butyl phosophoni um brom de) 613 The addition

of quatemary anmonium sail in concentrations

significantly higher than that required to ion pair
whbRdueead a very significant inprovenent in eheUS2006/041104

I ndi cator selectivity and sensitivity. A significant

absorbance shift, desirably between about 10 urn and

0l BRI S S5P LR g0 kBt SRt
optivad miauetersgh. t Apprepriatadeedenigthsgares them atvati200 nm fo about 1100
niﬁ,ﬁ ?1#({%!:] éﬁ%&b&ﬁg&%#&ﬁ?ﬁﬁ t%tgfd)glﬁ 1580 }mr:Le wgﬁ/ & 'ranga] of from about
350 nm to about 950 nm being most preferred. In other embodiments, non-
fluorescing analyte—speciﬁc reagents that bond to specific pr'edetennined‘ locations
inay be used. Such reagents include light absorbing materials such as near infrared
(NIR) absorbing materials. Examples of NIR absorbing materials include carbon
black and Poly(styrenesulfonate)/poly(2,3-dihydrothieno(3,4-b)-1,4-dioxin). In one
" embodiment, the analyte-specific reagent is a light absorbing reagent apsorbing light
- at about 620 - 670 nm. In another embodiment, the analyte-specific reagent is a light
absorbing reagent absorbing light at about 750 - 820 nm. In another embodiment, the
analyte-specific reagent is a light absorbing reagent aBsorbing light at about 380 - 420
nm. . These dyes may be used singly or in combination depending on the desired
application. The choice of organic compound and amount utilized for a given-
application depends on the properties of the organic compound and the purpose for
which it will be used. 'For instance, fluorescent dyeg may be added to a resin binder at

part-per-million concentrations as is known in the art.

In one embodiment of the invention, the analyte-specific reagent is immobilized in the
hydrogel matrix by forming an ion pair between the analyte-specific reagent and a
lipophilic counter ion, such as a quateméry ammoniuﬁl_ ion. It is known that
quatemary ammonium jons may cause a change in the absorption specira of analyte-
specific reagents. Howe—ver, it was unexpectedly discovered -that the addition of
quaternary ammonium jons, in concenirations substantially higher than the
stoichiometric amount required to ion pair an analyte-specific reagent, produced a
very sigrﬁﬁcant improvement in the indicator selectivity and sensitivity. As used
herein, concentrations substantially higher than the stoichiometric amount required to
ion pair means the quaternary ammonium ions are added in a concentration of

between about 5-1000 times greater than stoichiometric amounts relative to the
indicator. By means of example and not by way of limitation, it has been determined
that a preférred molar ratio of 285:1 (quaternary ammonium ion:indicator) is desjrable

for a particular molybdafe sensor. By comparison, an optimum molar ratio of 18:1
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I mprovenent in detection sensitivity when the filmis
nmeasured at a wavel ength near the ?max. Desirably,
t he neasured wavel ength is within about 1 -80 inn of
Amex. Wthout being limted to any specific reason,

wa me7/efoiact i s believed to be the ‘result of PERES2006/041104
formati on of the BP Red-Mb04 chel ate of higher order
(e.g., higher ligand: netal ratio) on the interface
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t he sanpl e _solution, 1 n one enbodi nent, the chem cal |
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W PDER R SRR s ﬁ%a‘f@m‘fﬁ@ w“% 7 § RoiR pfpeak absorption
(MRGes idnahl Raridn@ihs. TabiaRIRIRAO KRB HEPHklected quaternary
urtabl e pH indicator dyes include bronoscresol green

ammenbibedts e RBIEMA. filim when wettetbsi rabl e t hat  the pH
i ndi cat or dye have a pKa value near 4.3. According to

.“%‘Eféefjo b rﬂ:ﬁfﬁuﬁ'lﬂ dilth $in8 PROGRIBRA Sali v U JFpRiFR A
. Tgﬁ%}grloge flfﬁ?‘ﬂs@él n this %nﬁ‘gdi nen?éil’gach Sant i

fitth fwthen eettedmdumateof aci d. Sone suitable acids are ’
~ carboxylic acids and aryl- and al kyl sul fonic acids

i SAwe) sutfonmtathl,.. Agpever —any acid—that
Q?gﬁHﬁéPéls§%P®§gﬁin t he hvdr%ggf medi a may be used.

Ziftérapdncdtetadiegidimeahylbenziin eqéBOfilmis different and
varies frot Eiln1to filmbyla predeterm ned pattern.
m@g@mgggﬂﬂ@%k entrations desiirably vary between about

TBAB @éi&bﬁ@la‘ﬂﬁ@rﬁ%h?&dxﬁﬂe)? 0 diys pHEVA (hydrogel ).
e

Preferably mhavinalthe lLowest . concentration

T

TREB (tetre bubvénhopanhiosinnysemisieh | #b3ut 0.2 and 20 Wt % and
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Preferably, the film having the highest concentration
Thasdditieosfopatermaty anmbetmeeh iabontken2@ioan sighificantBg highed than
nore desirably .bet egrabout.ZSﬁang.SS wt % ThetR ndicator
that, FBICH O 19T IR PIPAECHY & YHESHEYITHT CB0EY 5o B dhe
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sanpl es. When a gi ven amount of sanple solution is -
deposited on the hydrogel 8l ns, alkaline species in,
the sanple neutralize the acid added. Since an acid
concentration gradient is created by addition of
~different ampbunt of acid in the filmseries, a
profile of color change is resulted in when the film
series (nmultiple films) is (are) exposed to the
sanpl e solution, corresponding to different degree of




In one aspect, such as for a phosphate sensor, the
sel f-contai ned sensor includes a nolybdate salt and a
dye as the anal yte-specific reagent and a sulfonic
acid as the pH—nDdlfler The nol ybdate salt may be
wit7/edsdshe various sol uble salts conmerci al P9TM52006/041104
avai | abl e and conpatible with the other constituents.
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In one aspect, polyethylene glycol is used as.an

additive to the self-contained sensor. In one aspect,
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40 m crons, in another enbodi nent, the thickness of

the filmis in the range fromabout 5 mcrons to

about 20 microns. In one aspect, the anal yte-specific
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A nmet hod of determ ning concentrations by using the
sel f-contai ned sensor nmay be further described by
referring to the acconpanying figures. FIG 1 is a
cross-section of a self-contained sensor 10 di sposed
WaE0Z0F#d3m 30 on a substrate 20. The fil m 30PCTHER00RMLI4
an anal yte-specific reagent 50 and a pll-nodifier 60
(FIG 3). The anal ytespecific reagent 50 may incl udes
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cﬂ%ﬁﬁ&%@%ﬁg&%@% s%egﬁei&f:ij;ele?y wi,th refer enge t? -
glybts, flypoopiytege atemofst, pslyoxyethyiene ¢lgyd e‘il?eliseag’%’}?ﬁ%f ‘iﬁﬁ‘ém 8, OF
foll ow ng_ exanpt e ] efifddehddrs. PIHROSK I
a@?wlﬁ% P ?gﬁ%%%%&%%;@?gﬁgcthey gﬁe not Ves
miaf RN Eeshhinitperbe peanetbilitg ob thet plyrerimattin 4o Hesenplydy,mgeies
e PR LS sl S AT OR el THELE 1 PHOSPHATE

The sensor film described herein may be self-standing or ﬁlrthc;r disposed on a
subsﬁﬁte such as glass, plastic, paper or metal. The sensor film i:nay be appligd or
d:isposed' on the substrate using any techniques known to those skilled in the art, for
exaﬁple, painting, spraying, spin-coating, dipping, screen-printing and the like. In
one aspect, the polymer.maizix is dissolved in a commeon solvent for the analyte-
specific reagent and the pH-modifier and then dip-coated onto a clear plastic surface
to form a thin layer which is then allowed to dry over a period of sev‘e_ral hours in the
dark. Alternatively, the analyte-specific reagent may be applied directly to a pre-
* formed polymer film. * '

The concentration of the solution used to coat the surface of the substrate is kept low,
for example, in the range from about 20 wt% solids to about 30 wi% solids, so as to
not adversely affect the fhickness of the film and 1ts optical properties. In one aspect,

" the thickness of the film is the range from about 1 micron to about 60 microns, in
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In the follow ng tests, the reaction products were
anal yzed using 111 NWVR Spectroscopy, gas

chr omat ogr aphy mass spectronetry (GC/1\4S), and fast

at om bonbar dnent spectronetry (FAB). The sensor

- woRYhGeis eSponse was nmeasured using an OceantFE/E$iHe6/041104
spect rophot onet er equi pped with a fiber-optic probe.

The probe was oriented at an angle in the range from

about 45 1o.a | ¢ faml dventiEmicens to about
an ﬁﬁ%@%q?’gﬁ%ﬁh“%?%&ﬂg%ﬁ\%ﬁgsoaﬁgt ed accor di_n%; o the
40SGRENR, b anblter 2mbeditiest tyeithiskyenstofyhg il A% %éieﬁﬁ%%?"m
(Ain Scherrﬁ}l& s. chl ori nated using thionyl chloride
V¥ 85% yi el d. The product
2, 6-bi s(chl oromet hyl)-4- nethyl phenol - (B in Schene

) 1)
n\as a@e@sz) 8RUnilgtetpeciic sqayerit & atackedi tn T iROFOBHELETG HaenS0r
l'tgand (C in Scherme 1) .in 70% vi &S sveS
film, Wh@ﬁ@m@ﬁmﬁ‘f%ﬁgwcgﬁﬁéﬁéﬁgﬁ\%Pa% suspeﬁnsi on of
the 2,6- bis(hydroxynetlayl)-4-nethyl phenol in 25 nL
Indahﬁﬁbpﬁs% t e Rgal{IREM i scageed thosaserolilgt fosws §pusor spots
“thi onﬁ
W,

| “chloride in 50 ni. Af t i 4 -
icoabd s spie) BBl S gL s ol
aﬁd‘?@&s& égl%ggﬂ*'f 55 Qlodi iRGrakhhocabllyite Sesciibesannirenaisoils pleges on
e

was stir or 48 hours. The reacti on was poure .
i BB Y ip G edcarrion piAcah o e TR OPT BOCORIE e & -
ol L0y Ha T ARNLE o BREAIdS: e:die pia paddeidrmine
CW%@‘%%%@U?@%@E?&e%r.act@d Wit ﬁg%x 50 ML DOM
sp}ﬁiﬂtlﬁéuﬁbﬁmﬂg s@B@alﬂsmtgl aday?bsﬂm@edﬁ%a drjye thcgeﬁ g :
iltered and evaporate T e,
apiSHPR fhe T PRI BS PR o, BiEfiel kiR Ke cated -
otﬁ&oéﬁéﬁ%esfiﬁ @ bivaRneknabhLonD Mpc@BONE: strsar i [gplied to the

correct nol ecul ar ion_.pea at 5S¢ 7 edd SerfabilUSidts.
opsicald serass fmedife B RFe S "3%%% &%@%‘gg’dﬁ% ke amfd or t _hgfjd
_ Theichist @b kaowh a6l tiise wiledimeldie writ dpdrmashgiciuce
Mr%gﬁis%%%g%r@ Synt hesi s of _h- BPVP: .til'he otoresist ications.
e e
§6radbafeti e onith tal poi €
FRELYS r"F%‘ég)ﬁ’g% ne g.nd the triethyl anine RSl e
aifitie spdifictrapeniee phembaieEaz be aRpled As JeONER FPOIS T f° P
final uz}&eﬁli]sion was stirred for 48 hours, filtered '
SIgHEC BBt Y%t ed under reduced pressure. The residue
was treated with water 20 naL and extracted with DCI\/lfme
63 aeils&as ﬂieh)us?wteTqr?a@fahﬁlY Aed @yangiatively WE gﬁ%&‘:& §
an vapor at ed. e Mol g¥ ol t PHeMBO R defdrmining
ckyrpsal SPYRTSY awaﬁﬁeo%é%g%%@?ﬁ?gogqvgg% 71 (70%@@% éf, ”
ﬂieaél (ﬁk&?ﬁﬁgﬂﬁaaﬁsfcmﬁﬁ mltuﬁgssocm@unl WBting lOFRICSAERE FHA BT £
nol ecul ar i on pe V) a [ 5 . E)ﬁ;i;grt;,gfthe
. cppigingd PSR dea‘ffgﬁaglf{eﬂhwafb‘b“ﬁ @Sﬁ"’ﬁ%‘é W@J‘%’; A ,
self-contained sensor produced by contacting the test sample with the self-contz.uned
phésphate—sensor, and converting the change i}l optical property to the concentration.

Contacting of the sensor with the test sample may ‘be carried out by any suitable
mechanism or technique depending upon whether the sensor is in solution or in solid-
state. Some examples by which contacting may occur include, but are not limited to,

mixing a solution of the sensor with a test sample solution, by Qipping a strip of the
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Scheme 1. Synthesis of h-BPMY
(2, 6-Bi s(bis(2-pyridyl net hyDam nonet hyl ) - 4-
nmet hyl - phenol) In the foll ow ng exanpl es, prepar ati on

and testing of self-contained phosphate sensor
S
wdeswsiel i n sone enbodi ments will be furth@FTﬂmﬂmﬂm“““

illustrated. Schenme 2 illustrates the nmechani sm of
sensi ng phosphate in an aqueous test sanple as

s&é&%'al%@s@-sarﬁp@é.@lﬁﬁd}@ Sy 2patiiy 3 senSafiimewith & bdstsmplt sodution,
he nmechani sm of testin hosphﬁte in an agyeoys .t est
by Aping Aot gumple Fiseeehs B g RS Lamgg EAon L0 i Hke
h- BPMP- Zn- PCVi ol et conpl ex ' bound" PC Viol et Dye

After contactmg, a change in the optical property of the sensor is optically measured.

The change in the optical property may be simply qualitative such as a change in

color of the sensor. Alternatively, the change may be quanﬁtaﬁve for example,

change in elastlc or ineclastic saattermg, absorption, luminescence intensity,

luminescence lifetime or polarization state. By way of example, when a sensor -

having ammonium molybdate, a thiazine dye such as Azure C, and para-
 toluenesulfonic acid is contacted with a sample, the color of the sensor changes from

violet to blue and a change in the absorption peak at- 650 nm occus. By measuring

the change (increase or decrease) in the absorption peak, the concentration can be

- determined.

In one embodiment, measurements of ,éptical-response can be performed using an
optical systerﬁ that included a white light source (such as a Tungsten lamp available '
from Ocean Optics, Inc. of Dunedin, FL) and a portable épectrométer (such as Model
 ST2000 available from Ocean Optics, Inc. of Dunedin, FL). The spectrometer is
equipped with a 600-grooves/mm grating blazed at 400 nm and a lnear CCD-array -
detector. Desirably, the spectrometer covers the spectral range from 250'to 800 nm
and to 1100 om with efficiency greater than 30%. Light from the lamp is focused into -
one of the arms of a "six-around-one" bifurcated fiber-optic reflection probe (such as
Model R400-7-UV/VIS available from Ocean Optics, Inc. of Dunedin, FL) The
common arm of the probe illuminates the sensor material. The second arm of the
probe is coupled to the spectrometer. For ﬂuorescence measurements light from a
source is prefiltered to select an excitation wavelength of interest. Fluorescence
emission is collected with the same setup but including an emission long-pass filter.

Other known methods of measuring the response may also be used.

After measuring the change in the optical property, the concentration in the sample
can be determined by converting the change in the optical property to the phosphate
concentration. This converting may be carried out using a calibration curve. The

calibration curve may be generated by measuring chaﬁges in an optical property of a
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Schene 2. Mechani sm of sensing phosphate in an

aqueous test sanple as described in tests 2 and 3

TEST 2. Preparation and testing of sensor conprising
~h- PBMP- Zn- PCVi ol et Conpl ex in Dowanol Three base
wosRb#isbees were prepared in 100 n, Dowanol : PEY/UTGMHT041104

(FW145.3), 7.7 ng, 0.053 mmol; B) h- BPMP ( FW530) ,

28_ ng, 0.053 mml and C) PCVi ol et (FW408.4), 21.5

ng, 053 t obwn0 cHceRkatiBnidasAfier the
SCBH e “Gn‘ifﬁmc?f “%@‘f @ﬁg %Egy"f?&o M of C. To t his o
callbostiol Quv@ss g eﬁmbdpmemoﬂcmmn isratopolggwn est sample Tay be

de?ydrox o hy@glwémi}g az'mﬁz gj %ggp;ég{ﬁtﬁgiﬁh%?%eghg%sorbanceof

05 el O Ao ki QUi Salnl o e brourBgnel o the

and exposed to the ueous R
comcinirefion Zbe pif-eontained FgSY ohavEp ‘ﬂﬁ‘ﬁf ﬂgmf?nélﬁ% Lnay be
Norbat &a@&hﬁaomgerecorded ,
%%%%ﬂsmﬁbgm&gg%k%mh 4 shows a typi cal

set of

spectra at different phosphate oncet atl o)
Tigtefiletsi m;dbejpmpm;d byésnosymaﬁﬁﬂe PEVEL “ﬁ 1|§Sn g %gﬁs

" SHg 02 0 Co Fo4Bo8 %Héﬂ@ﬁ HeQup | E)Onb pxample, the
Sh&ﬁ'% ree ase sol uti ons wer e g{re arg;?1 en
bd]ﬁ’éﬁabimthk) digoBy adhresivd- hg:kgt} polymp 1885 s

rmaol B) FWES3 na harRime
arpiher, p}éﬂose agl) Q?é)‘f it s?%eoso%n ARk )are

53 nunol. To an

@J &l ahe %scﬁ)@a:ﬁb & odbiiln AdduchOrd vSNE GROER FOicH ©
0

T of C._To th g
g i P g e
y I%Ofbor : dﬁ H%%ﬁ?’%%ﬁ QIA@ gen)%&{l%h?;@ gsal %1; ?fantlﬁrhﬂib Ialkehmty of the
sampten This meﬂ'@slg; besed 0B GREERANC eﬁ wﬂ? Q@ff%ﬁpeven |
if. AP 53 ek bl KGR S I%Hherlgn rﬂdﬂiﬁ@ﬁ&)} wiésiméttie rbovenas,

ové coated sheet was air-dried for 2
ﬂhoﬁﬁ&n&»@d&ﬁﬁrbpﬁ%&em PeRossitds| ution at
pl1=6.9-using DI wat.er pH:6 9 as standard with 3 to 5

mn_exp 39 wiameHRERANSIiRgvand @mmddition
héfﬁ R eg‘%g%fnr t%m‘ster bet ween 400 - 0‘6 Oies an
o9 cBfaia @glymeuas Ay afb@hy@énrbéwéi B oo TR

backgroun £ YOG conslnt@fiors PEbdV@ a8l below
eH]ilﬁnF%fP@ﬁf’ Gﬂ%’l‘ concenflr?'y copbentidiio

ations for the descrihed he
tﬂ@%ﬁ&m&t@, tﬁe dffewss ist Himiomhedsr ko wileg vas ﬂwwfg e
descri bed device o t é’uﬁ e8y-idol-2-
agpliration asoh f ¥t | 2&5‘@??@@&% eg %g%%en ?ﬁﬁﬁ
yhdene)ethyhdcne]-2~phenoxy~ -cyclohexen-1 —yl]ethenyl] 3,3 d1methy1 -1-
propyhndohum perchlorate known as IR 768 perchlorate. The addition of Nafion

resulted in the improvement of the relative response of the sensor film when sensor
sienal change is normalized by the remaining absorbance at highest tested

concentration.

A method of determining concentrations b3} using the self-contained sensor may be
further described by referring to the accompanying figures. FIG. lisa cross-section
of a self-contained sensor 10 disposed as a film 30 on a substrate 20. 'The film 30
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includes an analyte—épeéiﬁc reagent 50 and a pH-modifier 60 (FIG. 3). The analyte-

specific reagent 50 may includes a molybdenum salt or metal complex and a dye.

FIG.21isa cross—sectlon of the seif-contamed sensor 10 in contact Wrrh a test sample

40. A method for contacting the sensor 10 with the test sample 40 may occur by any - -

conventional means known to those skilled in the art and whole or part of the sensor

10 may be in contact with the test sample 40.

" FIG. 3 is a cross-section of the self-contained sensor 10 after contacting with the test

- sample 40 resultmg ina change in the optical property of the sensor 80. Further, FIG.
3 dep1cts an enlarged portlon of the change in optical property brought about by
contacting the analyte-specific reagent 50 and pH-modifier 60 with a specimen to be
tested 70, I

Applications of the self-contained sensors 10 may include, but are 7n;)t hl:mted to,
analysis of substances in the water treatment industry, in environmental monitoring,
in clinic diagnosis, and in other industrial places such as mining and metallurgical

processes.

The present disclosure will now be described more speciﬁcaﬁy with reference to the
following examples. It is to be noted that the following examples are presented herein
for purpose of illustration and description; they are not intended to be exhaustive or to

limit the disclosure to the precise form disclosed.
EXAMPLE 1. PHOSPHATE SENSOR

1111 the following tests, the reaction products were analyzed using 1H NMR
Spectroscopy, gas chromatography mass spectrometry (GC/MS); and fast atom
bombardment spectrometry (FAB). The sensor device response was measured using
an OceanOptrics spectn;photonieter equipped with a fiber-optic probe. The probe
was oriented at an angle in the range- from about 45° to about 30° with respect to the

device.

TEST 1. Synthesis of h-BPMP (2,6-Bis(bis(2-pyridylmethyl)aminomethyl)-4-methyi-
phenol)
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Schene 3. Mechani sm of sensing phosphate in an
aqueous test sanple as described in tests 4 to 14.
TEST 4. Preparation and testing of sensor conprising
Azure.C and nol ybdate salt in water: violet-to-blue

wd RafésonB. p- Tol uenesul fonic acid (TsOH), anAORUEI06/041104
nol ybdate and Azure C were dissolved in Di

(dei oni zed) water at required concentrations. A 2 talL

t &he Nl. ffh 2,6-
SYE‘?‘SU Iﬁgm um rmg&ﬁ"?g?gé{?o (%I?g:j(g%\n t?%l%\l\ﬁ% ° :%J@ I
c@éxm )—Qnﬁdiﬂ;themi @1t Sghqnwllwﬁ@hlm@?d “ﬂ&n&r RY

h@aa@”%m ATPPEGEE B DUBIALG cALPr TS} Ay (cHoRny B

m%@lglﬁéﬁbf @ PSheS!) afhd lpdsed tid ﬂzea:iinwﬂdmo lamiriegin. produce the
IS spectra were recorded between 400- 900 nm
ligrhd(C in Seromie Lhint PR ¥8ld- set of spectra at different

phosphat e concentrations for the described device.

)}a:,{h(éSlS ofS Q%’%s(‘cﬁ@r&ﬁéth)h -&Imsﬂﬁylﬁwhule f Ar siuspensibms of i the d2,6-
evi ce obtal ned plotting a an aé%@%o NM &84 to
blmy@mmlbﬁ-nm@im@@n@é@% Sicplrernshmeor R Wil
a%? £n' 59nflf DBRNS Afftcf gmtdd&idﬁg.hé\mmr@was
Pl esa |n wat er: violet-to-blue_ rea |

stlﬁ-eif bt 600 x| ff«apidly amﬂ:adtvérir o) placgrivseiving Hotafsdat

Azure B wer ved ) lo @de dﬂl
SoR G BT e S e e Ao tof! o ol lntbOloers B and te
wasOlayMatuifhliced twWpHR- @v\&’ﬂi NeeOH.0fThe pmcmmw%sepamed

B R L B P

wérecdﬁeﬂ'ﬁﬂfmﬁ'ﬁ%ﬁadyaﬁht&a%o@gfemc ﬂryﬁesﬂi_ s gamaei;llg (85%) of
anpl es of phosphate at differ onc ntrati N
maigdaldBt en tameben il o 1HONME &l pfe V\%n Bollt'98%.
Gfsi‘g)gé) %r%dkﬁfetéﬁﬁ@& rﬂt% &Q}geaﬁl(ﬁ-i-) atﬁhm El'hé yide ploduct of

bf0 spectra at rent phosphate cor\?%entratl ons .4
thé @botdreadiEmcwishedd deid fsve theTmest sigp. Pibp ARsple Rroduet was use

: IES tbnﬁex954ﬁensor conprising Azure B-and nol ybdat e

Synthesis of h- BPMP: The 2 6-bls(ch10romethyl) -4-methylphenol was d;ssolved in
15 mL THF and treated under N2 with a solution of the bis(2-pyridine) amine and the
triethylamine in 5 mL THF. Addition was performed at 0°C for 1 hour. The final
suspensmn was stirred for 48 hours, filtered and concentrated under reduced pressure.
The residue was treated with water 20 mL and extracted with DCM (3 x 30 mL). The
organic materials were dry filtered and evaporated. The residue was
chromatographed in Si0; eluting with acetone. This gave 1.71 (70%) g of material C -
as an amber solid. FAB: showed the correct molecular ion peak (M+) at 531 m/z. \H
NMR agreed o the correct product. ' '
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wat er: blue-to-violet reaction. p-Toluenesulfonic

acid (TsOH), amoni um nol ybdate and Azure B were

di ssolved in DI (deionized) water at required

concentrations. A 2 nT solution of 0.5 M TsQH
wemommwm 0.25 nL of 0.068 M ammoni um rml V\%%WMHM

solution followed by 0.1 nL of Azure B solution (4 ny

in 10 nmL water, Aldrich 227935) in a 1-cm di sposabl e

cuvette. About 0.5 nL of aque npl es of osphate

at di fferent concentratlons a d to tlheyabove N

S8 ofHtdHonN. CI.‘M-’C\/I s sPedtr § were recor,de bet ween 409" -

m FI Ge 10 sho e calibrati curve

ri bed ggyice g)¥i ce obt ed by phettdng abso ce b
65 nm as a function 'of phosphat @z&boncentrht on. TEST

7.aPreparation and testing of semsor conprising ¢
Brilliant Cresyl Blue and nol ybdate salt i h water

bl ue-t o-vi ol et action. Tol uenesul f cid
Sersny! 1 gsis Of VPR 6 Bethons pUe Ra P Romethyl)-+
gﬁéﬁg yconcentrations. A 0.1 nil., of 0.0068 M
i um nol ybdate sol ution (in 0.154 M TsOH) was
mxedvmthOlrrLof0178rrMBCBsqut| Al dric
Iig g faflowing epampls, \preaoptjon gnd testiag, of &5 ~§ Phosphafe-
se%é‘rg Ita% esdribBl lin Sofbe! omirAGHE QLF b%%&%ﬂﬁ;&ra@é&os BhRLf 2

ferent concentrations were added to the above
ilbstrated the mechanifnsofssng phophate ingoarukeys kst sewle 230lgscribed

1 f :
i 5 il SRR RO By s S Re b o o
adniddud t8dl s@Bpla af dlﬁexhbsdﬁn@&amplesmmt@ concentration.
TEST 8. Preparation and testing of sensor conprising
‘Azure B and nol ybdate salt in water | ow
concentration range calibration. A 20 m
ort hophosphat e sanple (containing O to 800 ppb
phespha @ PO4) was pl aced i%Pa)" 2-inch cuvette,
whose, opttcal path |length was & 4,:3 ciii. Then 0.914 ¢

oo N L
N N phosphate-bound metal complex “free” PG Violet Dye
{ N I Ny
& = '

h-BPMP-Zn-PCViolet complex -
“hound™ PC Viclet Dye

Scheme 2. Mechanism of sensing phosphate in an agueous test sample as described m

tests 2 and 3

TEST 2. Preparation and testing of sensor comprising h-PBMP-Zn-PCViolet

Complex in Dowanol
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0.174 m M of Azure B (in 1.54 nol/kg TsOH) and 1.063

g 0.068 nol/kg of ammoni um nol ybdate (in 1.54 nol/kg

TsOH) were added into the cuvette. The absorbance at

650 pin with Hach DR2000 was neasured three m nutes
wadhBosotdse reagents are added into the sanpl BCTHPE06/443104

shows the calibration curve for the deathbed device

obt ai ned by plotting absorbances at 650 inn as a
TH G sk QBluBdnsRGS PR#ERAGAN 08 BIIT Bbivarl: FoerBrl BW 145.3), 7.7

extinction coefficient for this ﬁg%hod was @gﬁéﬁﬁgﬁﬁgﬁ
mg,raﬂﬁ3tmmols B B BWP (F&-3P) BF ;5 8

dg 0.033winol: TQ%k%Ilgﬁ&%Eu@%pfofﬂhﬁﬁmﬂts@10mLofB

tlon Inatap water sanple with a senso
foueneal ‘bys |1 1ogmivedfyB.d dteethisahtxtan wvanaddel B = 7 solution of 2-[4-(2-

s tR ety s, BT off CRlipadile o

grE&QéﬁLHlﬁéjcanéﬂ%BldhahJ d.0 wahquosmmﬁqnowmﬂmae@wmx 2 mL
TsOH was nmixed with 0.2

Dowstrpbarst prgﬁﬂd&? fhsrPapeATs Bri sy A PO S P Rp s PH69
asdﬁj’zlnﬂ%fd%ﬂ{ Aﬁ sill& NS LRk iWerearedorded Bitwpasdlnl-e900

out nL of tap water sanple was added
mho the above sol ut| on UV-Vi s spectrum was recorded
between 400 - 900 nm A calibration curve was obtai ned

Flﬁctgfh%ﬂr%gg PRI AR5 Qi pHOSA Gshobittulomnfor the

I sodi um phesphat e, which were
dstiébedaedezed with Hach PhosVer 3 nethod: [PO4]/ppin =
-2.867. A650 + 5.915. The unknown. phosphate

ngﬁffnt{a ar%ﬁ ot rlmﬁh?es%?%\:%lf SR? S RisHeN RO EMP R FC Viblet

I's*val ue agree 7. ppm anal yzed by ICP
Cagled i2folynenhgtrikhe Hach et hod. A survey of other
contam nants in this water sanple was conducted using

T%ge lb%ng Bl %on %re S%ﬁé&)ﬁef(ﬁrml',%aﬁ@ll oJé) ZﬁBfJUEW MBIy, 7.7 |
m] @psE ﬁmoq;rB)amﬂmﬁsfﬁw@ﬁ@ﬂ Eﬁehsd}&ﬁdnppl §P¢| Q) REYiQletFW

<G, PSR Wby i AL SREL (s WATHR U . o2
fotled bP0.6Inlret chqyrthﬁﬂﬁmml addﬁ)l/x&mil of 06 pYIMA/pHEMA

reC{l.“ red Concentrat| (0] R

(555 8n Trmensiing BBk ~Seer BrsBisRibtfog SRl Ll pbish e
TBled RORLS. ANd xol(B&nQ)oTﬁ:Qll'Honate sheet (0.5 mm thickness) was coated
(using two 3M Scotch Magic tapes film thickness or ~12 microns) with the above

solution. The above coated sheet was air-dried for 2 h and exposed to the aqueous

PO;” solution at pH=6.9 usiné DI water pH=6.9 as standard with 3 to 5 min exposure.

Film reading was done using an Ocean Optics spectrophotometer between 400 — 900
- in a 45° or 90° angle using polycarbonaté over white paper as background.

FIG. 5 shows a typical set of spectra at different phosphate concentrations for the
described device. FIG. 6 shows the calibration curve for the described device
obtained by plotting absorbances at 650 nm as a function of phosphate concentration.
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in 5 g solution of 20% pHEMA i n Dowanol . The sensor
devi ce was prepared by flow coating a pol ycarbonate
sheet with a thin layer of the chemi cal m xture and
allowed to dry over a period of several ho £1104
Woa%?ﬂgso“%e final filmthickness was betmeenLyg&gjr?goog)a
m crons. The sensor device was exposed to about 50
1. 1L of aqueous sanples of phosphate at various
concentrations by spotting onto the fil m sur fdelPMheC0
liquid sanpl e was r &eisyerivacid' nut es agf er spotting

the -sanple and ¢gtied with a const af¥eri (| oW, , PﬁPM o
Hg€hsort 26éefsk e hehPMeaSar ed for phoZphat &V° 012040
response. The | CRloMBmphdspRad I n a dark room on+a

flat surface. The sensepmdiexi ce response was e red s
using a spectrophot oneter equi pped with a fi 6%”?53%&'?12@40
probe. The probe was oriented at an angle of 90 with

SdhemP 8 ChletianiseofiensinephobisayCiarh egadons eersampii saicpaided in
was used as background. FIG 13 shows a typical set

t‘-‘%ﬁ“%@etra at different phosphate concentrations for

' the described device. FIG 14 shows the calibration '
| Tm ¥ € PfcpbratitEadiBsfink @ derdoN spr Rl AedlC hyid odtdeiGalt in
absor bances at 650 nmas a funct| on of phosphate

weteh velt-iabie ieactftEST 11. Preparation. and-testing of
sensor conprising Malachite G een and nol ybdate salt

p-‘(I‘Qlu@neQﬁk‘dfﬁﬂazEmmJOH(} MR AGH hlfBdeRNnd A8 C J&Q 'dlssolved ,

and of 0.51 M ammoni um noly

méHl (womzpd)v@nater At rﬁe@rqdmoac@ﬁghg@o/oﬁpﬁﬁws%%qmqf&r% M%OH

L P B3 LR QoG bl mRANBRR RS llomed by 01
mmOﬁﬂmHedﬁchohihbnv(éﬂ mg idr 0 ove rwaterp dilineh 6#21§é)/elaail l-cra

.hour, he - final fil S S
il s Ar A 2 1ot hes bl LA R aifternt
cof¥pastshst Wasabdied 20the Lab@'ffe acfudons 13Uk apeatfa were recorded

hosphat t various concentrations by spotting onto
be?‘ﬁ"é"“f#p&rﬁ%gaf’?‘ace The liquid sanple was renmoved 2

m nutes after spotting the sanple and dried with a
FIGONSdhawt addypibhlont of beecwans diffdem fesplag tdneminmasufop dhe

fo,r hosphat re nse. The., device was, placed i .
BFATORE (ERFont 161§ Ahows, e CHPTAIRR GHE dpt iR fggrived device

bSO rﬁ@g? BAB AR 6 650 39 adia BBORAT STRIRBEMRIBhAcentration.
¢ equi pped ?1 a fiber-optic probe. Thé probe was

orlented at an a f 90 with respect. to.t
© TRigyP-cRreppai 6%&5@?5%% Wﬁr@n@a‘g@r e&@éﬂdafg saltin
quapk,gﬂgqg@m“galc@omw shows a typical set of spectra -
at different phosphate concentrations for the
descri bed device. FIG 16, sho the calijbration curve
p-Terencptfogicsrid FEPHe ppmenisg F1ohdgalseng | Azurg Rgvere dissolved
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dark. The final filmthielcness was between 5 and .20
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the sanple and dried with a constant airflow The
sensor device was then nmeasured for phosphate
response. The device was placed in a dark roomon a
flat surface. The sensor device response was neasured
usi ng a spectrophotoneter equipped with a fiber-optic




To a 2.5 g solution of 20% pHEMA in a hydroxyl ether

based sol vent, was added 2 ng of nethylene blue, 5 ny
sodi um oxal ate, 10 pi, of a 0.64 M

(N-114) 6( Mb7024) . H20 and 105 ng TsOH. The m-xture was
wedorn®massat 21C in the dark until all sol i dsPEBIE2006/041104

di ssol ved. The device was prepared by coating a clear

plastic surface with a thin | ayer of the cheni cal
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(Zephi rram ne) was added. After an additional 1 hour
of stirring, 40 ng L-ascorbic acid was added and the
m xture stirred at roomtenperature until all solids
wer e dissolved (mnimumof 12 hours).
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The sensor filmwas prepared by coating a clear

pl astic surface with a thin |layer of the chem cal

m xture and allowed to dry over a period of several

hours in the dark. The final filmthickness_wa
WOHUOHBWH310 and 20 microns. The sensor fil mmgmsznowomozl

exposed to about 30 JAL of aqueous sanpl es of

nol ybdat e at vari ous concentrations. Exposure tine"
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on-a flat surface. The sensor filmresponse was .
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equi pped with a fiber-optic probe. The probe was

1:@@ @mﬁ&bvsatheacaﬁgra%ﬁ feuﬁ»%%{s e dQcda &%{&é %taflﬂédnByFi)I@ttmg

shows a typical set of spectra at different
ahwlgd@d@t at 6o cunt 3sari netidnopf phespliats ceonbendratiem s ofhe molar
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cﬂvembeammmu{ﬁmlpmyapar ation: To a 10.0 g solution of

20% pHEMA ( MANV 300, 000) in 1-nmet hoxy 2- propanol

nas de O sodi um
TESR S s s T coRRRPti B B ot shgpte Wi o
sédsbiedoniisinginngybdate skithed Azme@ nmg of a 40% (w w)
sol uti on of pol yethyl enirni ne (1 ow nol ecul ar wei ght
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iBDI (deidiedf ARicFBE Riiyddedd@centrations. A 2 mL solution of 0.2 M TsOH
gl ycol - bj séarnl noet hy Iether) NNNN,N- tetragcetic
5 lant 00b4 M eograongsyolhdate slwiondptiov by 0.1
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a typical Tesponse curve for t
stgmdasd solfrfibmn prEptaRPIftend an AFDINEESS T.‘BENSGR phosphate, which were

standardized with Ifach PhosVer 3 method: [1504]/ppm =

-2.867-Ags0 + 5.915. The unknown phosphate concentration in the sample was
determined to be 1.45 ppm. This value agreed with 1.47 ppm analyzed by ICP and
1.25 ppm by the Hach method. A survey of other contaminanté in this water sample
was conducted using an ICP emission spectrometer. The major species were: Ca, 62

ppm; Mg, 16 ppm; Si, 5.2 ppm.

TEST 10. Preparation and testing of sensor comprising Azure B and molybdate salt
in a polymer matrix. '

Ammonium molybdate and Azure B were dissolved in deionized water or 1-methoxy-
2-propanol (Dowanol PM) at required concentrations. To a 0.15 mL solufion of 9.12
. mM Azure B was added 0.05 mL of 0.68 M ammonium molybdate, and 0.33 g TsOH
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Chem cal. m xture preparation: To a 10.0 g solution of

20% pHEMA (MW 300, 000) in 1-nethoxy-2-propanol

(Dowanol PM, was added 50 ng Xylidyl Blue I, sodium

salt and 500 ng of a 40% (ww) solution of
wpuioyetisssl eni m ne (1 ow nol ecul ar wei ght Mh

approxi mately 1000, water-free) in

1- met hoxy- 2- pr opanol (Dowanol PM . The m xture was
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The m xture was stirred at rogm_tenperature until atl
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sensor film EXAMPLE 6. SULFI TE SENSOR Cheni cal ‘
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di- ssol ved (mnimum of 12 hour). FIG 31 shows a
TERPI tlal RZeparafons platﬁesﬁngtofdbailﬁm emtprising Madachite Green and
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Malachite Green (8 mg), TsOH (105 mg) and 0.050 mL of 0.51 M ammonium .
molybdate solution were mixed in 2.5 g 20% pHEMA solution, The sensor device
was prepared by flow coating a polycarbonate sheet with a thin layer of the chemical
mixture and allowed to dry over a period of several hours in the dark. The final film
thickness was between 5 and 20 microns. The sensor ﬂevice was exposed to about 26-
pL of aqueous samples of phosphate.at various cdﬁcentrations by spotting onto the
fitm surface. The liquid sample was removed 2 minutes after spotting the sample and
dried with a constant airflow. The sensor device was then measured for phosphate
reSpéhse. The device was placed in a dark room on a flat surface. . The sensor device
response was measured ﬁsi.ng a spectrophotometer equipped with a ﬁber—opﬁc probe.
The probé was oriented at an angle of 90° with respect to ﬁe device. .Polycarbonate

over white paper was used as background.
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descri bed sensor film FIG 32 shows a typical
response curve for the described sensor film EXAMPLE
~ 7. SULFITE SENSOR 11 (prepared to w thstand highly
al kal ine, high pH water sanples) The follow,
WOAHP3serves to illustrate howit is possi gl SPgeatLts.
buffer a chemcal film(sulfite) by overcoating a
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[ film sensor filmtends _tao r on
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stirre mterrpera ure unt s were
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fi] mthickness was between_ 5 and 20 picyon
L?P ?lgé ﬁ‘i“‘eﬁ?&?"éﬂ%‘ﬁe Wi then pepagyred © phespBte sisponsey, Ih
edGH o QAR robih ¢h SHASR S0 ThedeHi? d%ffl\h?e response was

d| (et hyl ene gI col) nethyl ether (Dowanol
measured usmg a spec ophotometer eqmpped with a fiber-optic probe. The probe

was oriented at an angle of 90° with respect to the device. Polycarbonate over white

paper was used as background.

FIG. 17 shows a typical set of spectra at different phosph-ater concentrations for the
described device. FIG. 18 shows the calibration curve for the described device
obtained by plotting absorbances at 650 nm as a function of phosphate concentration.

TEST 13. Preparation and testing of sensor cbmprisir_xg methylene blue and
molybdate salt in a polymer matrix.

_ To a 2.5 g solution of 20% pHEMA in a hydroxyl ether based solvent, was added 2
mg of methylene blue, 5 mg sodium oxalate, 10 uL of 2 0.64 M (NH4)5(M07024).H20
and 105 mg TsOH. The mixture was stirred at 21°C in'the dark until all solids were
dissolved. The device was prepared by coating a clear plastic surface with a thin layer
of the chemical mixture and allowed to dry over a period of several hours in the dark.
The final flm thickness was between 5 and 20 microns. The device was exposed to

-about 50 uL of aqueous samples of phosphate at various concentrations. Exposure
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and 1-net hoxy- 2-propanol (Dowanol PM, was added 120
ng tetrabutyl ammoni um brom de (11 3AB), and 36 ngy

pot assi um phosphat e, nobnobasi c (KH2PO4) di ssolved in
200 nL water. The m xture was stirred at room

" wamnpesasure until all solids were di ssol vedPERUROAGMHLI04
of 12 hour). Chem cal mxture Il was coated over the
dried chemical nmixture | filmprepared on a clear
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PFRRE P23 OHPIF al gy g \Rgbéfy‘%'%e%c ‘?’3@%%%" curve for
t he descri bed device. EXAMPLE 8. ALKALINI TY SENSOR
Fithe1 R &HiollysUs BficaNsdt i Spexxanp iffdrent phosphate wesenfratiins for the

acid, and the_indicator used._is, bronos SO L.e
seprbi dnve | gl ot G rBioR, FEFe S8 G O devic
gio@nﬁ% BESbarcsd /G5D 'ﬁmTfQW fBnofioftiof fRospEdte concentration. ’
prepare by "depositing an 8 pl polyner solution into

wells on a glass slide. The wells %lamsgl
TEST 0 3Preperaiinnep)d igeting tafrséa%%&owpflﬁn& %fﬁl@ ie 2o moiybdate
Sﬁ{*ﬁ 1%%&%&9@9%%% yiger mask layer. The mask |ayer

reno ring the test. Average absorbance :
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Baik @lied (mn TeQH; (672 medrpodsipdene hxnbiid GSHZ mgé amgBonium
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mixed in 10.0 g 20% pHEMA solution. The sensor dewce was prepared by screen-
printing onto a polycarbonate substrate with a thin layer of the chemical mixture and
allowed to dry at 70°C for 5 minutes. The sensor was then stored in the dark at room
temperature and ambient humlchty over a period of 11 days. The final film thickness
| was between 5 and 20 microns. The sensor device was exposed to about 20 pL of -
agueous samples of phosphate at various concentrations by spotting onto the film
surface. The liquid sample was removed 2 minutes after spotting the sample and
dried with a constant airflow. The sensor device was then measured for phosphate
response. The device was placed in a dark room on a flat surface. The sénsor device
response was measured using a spectrophotometer equipped with a fiber-optic probe.
The probe was oriented at an angle of 75° with respect to the device, although other
. angles bave been demonstrated with similar .results. Polycarbonate was used as

background.

"FIG. 21 shows a typical set of spectra at différent phosphate concentrations for the
descrbed device. FIG. 22 shows the calibration curve for the described device

obtained by plotting absorbances at 650 nm as a function of phosphate concentration.
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" EXAMPLE 2. MOLYBDATE SENSOR

To a 10.0 g solution of 20% pHEMA (MW 300,000) in 1-methoxy-2-propanol
(Dowanol PM), was added 20 mg Bromopyrogallol Red and 40 mg para-
toluenesulfonic  acid. After sti:rﬁng for 1 hour, 200 g
benzyldimethyltetradecylammonium chloride (Zephiramine) was added. After an
additional 1 hour of stirring, 40 mg L-ascorbic acid was added and the mixture stirred

at room temperature until all solids were dissolved (minimum of 12 hours).

The sensor film was prepared by coating & clear plastic surface with a thin layer of the
chemical mixture and allowed to dry over a period of several hours in the dark. The
- final film thickness was between 10 and 20 microns.

- The sensor film was ‘exposed to about 30 pL of aqueous samples of molybdate at
various concentrations. FExposure time was in general 120 seconds. The water
" sample was then removed and the film dried under a constant airflow. The sensor film .

was then measured for molybdate response.

The sensor film was places in a dark room on a flat surface. The sensor film response
was measured using an OceanOptics spectrophotometer equipped with a fiber-optic
probe. The probe was oriented at a 90° with respect to the sensor film '

FIG. 23 shows Va typical set of spectra at different molybdate concentrations for the
described sensor film. FIG. 24 show a typical tesponse curves for the described

sensor film.
EXAMPLE 3. MAGNESIUM SENSOR

" Chemical mixture preparation: To a 10.0 g solution of 20% pHEMA (MW 300,000)
in___l-methoxy—Z—propanol (Dowanol PM), was added 50 mg Xylidyl Blue 1, sodium
salt and 300 mg tetrabutylammonium bromide (TBAB). Afier stirring for 1 hour, 500
mg of 2 40% (w/w) solution of polyethylenimine (low molecular weight Mn approx.
1000, water-free) in 1-methoxy-2-propanol (Dowanol PM) was added. After an
addition 1 hour | stirring, 400 mg ethylene glycol—bis(anﬁnoemylether)—N,N,N’,N’-
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tetraacetic acid, tetrasodium salt (BEGTA-Na4) was added and the mixture stirred at

rO0m t_emperatdre until all solids were dissolved (minimum of 12 hour).

FIG. 25 shows a typical set of spectra at different magnesium concentrations for the -
described sensor film. FIG. 26 shows a typical response curve for the described

sensor film."
EXAMPLE 4. HARDNESS SENSOR

Chenical rixture preparation: To a 10.0 g solution of 20% pHEMA (MW 300,000)
‘ .in 1-methoxy-2-propanol (Dowanol PM), was added 50 mg Xylidyl Blue I, sodium
salt and 500 mg of a 40% (w/w)_solution of polyethylenimine (low molecular weight
Mn approximately 1000, water-free) in 1-methoxy-2-propanol (Dowanol PM). The
" mixture was stifreti at room temperature until all solidé were dissolved (minimum of

12 hour).

FIG. 27 shows a typical set of spectra at different hardness concentrations for the
described sensor film. FIG. 28 shows a typical response curve for the described
sensor film. 7 '

EXAMPLE 5. CALCIUM SENSOR

Chemical mixture preparation: To a 10.0 g solution of 20% pHEMA (MW 300,000)
in 1-methoxy-2-propanol (Dowanol PM), was added 25 mg Chlorophosphonazo 111

and 200 mg para—toluenesulfomc acid. The mixture was stirred at room temperature -

for 1 hour, before 60 mg tridocecylmethylammonium chloride (T DMAC) was added.
The mixture was stirred at room temperatare until all solids were dissolved (mmnnum

of 12 hour).

FIG. 29 shows a typical set of spectra at different calcium concentrations for the
described sensor film. FIG. 30 shows a typical response curve for the described

sensor film.
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In one enbodi nent, Nafion polynmer was added to the
sensor fornulation. The addition of Nation resulted
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sensor filmwhen sensor signal change is n Kgﬁil.
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: th%ﬁeqs%m%egﬁpﬁge?@% atﬁges itsp optical properties upon

ddapédhaBxp@siftk)t 0 the cheni cal

Chemical mixture I preparation: To a 10.0 g solution of 25% pHEMA (MW 300,000)
in a 65/35-wt%- mixture of di(ethylene glycol) methyl ether (Dowanol DM) and 1-
methoxy-2-propanol (Dmlvvanol PM), was added 8 mg Brilliant Green, 120 m.g
tetrabutylammonium bromide (TBAB), and 36 mg potassium phosphate, monobasic
(KH2P04) dissolved in 200 mL water. The mixture was stirred at room temperature
until all solids were dissolved (minimum of 12 hour). The sensor film was prepared
by coating a clear plastic surface with a thin layer of the chemical rmxture and
allowed to dry over a period of several hours in the dark. The final film thickness was -

between 5 and 20 microns.

Chemical mixture II preparation: To a 10.0 g solution of 25% pHEMA (MW
300,000) in a 65/35 wt% mixture of di(ethylene glycol) methyl ether (Dowanol DM)
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species in the sanple sol ution; addi ng a pol yner
super acid additive during the foxuiation of the
hydrogel sensor film such that the polynmer super acid

additive mxes with the indicator and hydrogel of
WOSPTHISH468 i | i mobi | zi ng the indicato ‘?T’Hé)’t"%gé“q%"“
hydrogel filmby formng an ion pair between the
i ndi cator and a quaternary anmoni um quaternary

afuh Qﬁxﬁﬂm&%roml D oadnol PN{)Q?;@ gddd:m 12qQuag estditylammonivm
yr.idium_quaternary pyrrolidjrdum or quaternary )
 vlfe AR #l 3q g pafarTih @h‘ésal%%ﬁ?‘im&sfi%ﬁ F 0 diSsolved in
200/ ATEHRRE, Y TRENRRI M Wvall YALET RBfoYmPRASBARRE Wikl all solids were
quaternary 1 mdazolium quaternary pyridium

 digepdvedr (minignupy of AR iopni uGhengeal quituse AaPys soatedaivemthe dried
oS By SRR Rl AR el Gl O 6 oy
oex pigEring of kevefdl |houtsoinathé darkd "Erwoontbingld fided fHantickness was

ol utjon: asuring the absorbance of the filmat a
béﬂ?%ﬁ%ﬁﬁ?ﬁgﬁaaPnﬁhg maxi num absor bance peak (Anex) of
the indicator using optical scanning equi pment; and
FE a3t sHopisng tipdienl oseh Of Bpecarhi @y ndifféremithenl fifeeconeadtratipmc fog She
i n_the sanpl ol uti on using the avérage_absorpance
e T SRR oCEASahons: Ve T Bl diaime (1000
m@QC M- illtdinft®) &ldahizh VRS €2)NwhiB€ SRS OFIG] 34 shdws a typical
self-contained such that it does not need auxiliary

repRoagReree fonthsidgecribpd devitan t o neasure the

concentration of the chem cal species and wherein

EXAMIO® 8. RERANIKRITE SERsbRe UV, visible, or near-1R
spectral ranges. 3. The nethod according to claiml

wherei n chem cal conposition added in the hydro

T o U P R BB fongy ekl o Picer v s
brdfnbSbresol green (pKa = 4.9 in aqueous phase). Polymer solution compositions are
listed in Table 2. Films were prepared by deposiﬁhg an 8 pl polymer solution-into
wells on a glass slide. The wells (5.4 mm diameter and 0.32 mm deep) were created
‘with a dic-cut, adhesive-backed polymer mask layer. The mask layer was not
removed during the test. Average absorbance at 650 nm is used to quantify the

sampie total alkalinity. A calibration curve is shown in FIG. 35.

_ Table 2. Polymer solution composition
Spot # TsOH (%) PHEMA = 10%

1 0.08 | BCG=0.1%

2 0.16 CTAMB =0.2%
3 0.32

4 0.40

5 0.45

6 0.64
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4. The net hod according to claim 1 wherein the

indicator is pHnodified in the hydrogel film by

using an acid selected fromthe group consisting of

sul foni c acid, phosphonic acid, carboxylic '
WOHEARA0463wher ei n the concentration of the aC?«g&;ﬁgﬁ)ﬂé}mnm
~substantially higher that the stoichionetric anount

required to ion pair.the indicator. 5. The nethod
EXIANVPLE 5 CHIOOBINE BENS@Rer ei n sensor filmis prepared

by coating a clear plastic surface with a thin |ayer

of the chem,c ' | d Serdbry for@aladoh.i | The
In R ﬁgb%@?ﬁtﬁfﬁ%@%@ﬁéw@dgﬁ?% m cr onos. 36? The
addRiohod Nagion pabing] ihdheingirovemenh of i nelethie rewRBHroffthe fensor

is prepared, b ddi ng_sul f.on 19
m b fretor R 1 3ol ol s R b AeBRR iest
te&cd\@(ﬁif'cl@ﬂtfhﬁbﬂ eﬁsf‘mﬂ&mﬁ iy @hcatthlion dteedfect was diminished.
tetrafl uoroethyl ene copo r.is, bet L oand o8y a1 o
Opersuidshle (diraiprels 2~[&[3iﬂéxﬁ§1¥ﬂ@a3=g~§%vgﬁiﬂgm?%ﬁcE%.mr%" 2
S de -5 i k10 Rexh- 15| iRAl-8 3 -dimethyl-1- -
ﬁ%@ﬁ%%? ﬁ%@§%§ y g%%ﬁgﬁggﬁinersgg be?&een 0.1 and 7
pippylindoliung pekchlnesye krownps &R 768 noehlaeior di ng to claim 1
wherein the sensor filmis a two-layer sensor film
FRY, gB%B&Qs RY iR T RAE b Skndiniliy BT RSt Whagmhfred at 566 nm
I'cator, a‘quaternary anmoni um quaternar

uppnoafditieri Wi inoueadizy maropnisy of dNafionnsolgiont & ,%p(;, uL of dye
rrolidi.ni um quaternary.: i I - - ani

B L M LA S s o2

pif @@nsiokink B ChswatFIE AuaThis fipuye demrosiaiey an existence of a

~ “'quat ernary, phosphopi um at e DYk i Ri :
el R Oh PP 8 SR S b R e
Se%ggrfrg%%g@@@gtgjne@nd metal phosphate salt in pHEVA :
. The nmethod according to claim1l wherein said

olynmer additjve is_sulfonat t et rafl uor ' s

ol ssstosurs st AGIHAGY S0CAPUTHG POV bpfiees, it i

n%ﬂh?&e%%lfh 1d18e NRMNABI @d dickdid esho®n s sthéconaioed modifications and -
etraflu

or oet hyl ene copol yner and thg i ndi cator dls
sib4@gotis chn be Diady AHOT, depagingdl fRp way from the sprit f the’ present

~Rropy 12 Lindgds 2-yl d: fefehe ity b deials 8 b aieiosule leyein
‘ dlé‘sagﬁgéii’er%gu&ﬂ;;l | et%enyll] -3, 3-di med%h | -1-propyli nﬂ?m i u

diselbeddl mmpt@cur fo persons skilled in the using no more than routine

| experimentation, and all such modifications and equivalents are believed to be within

-the scope of the disclosure as defined by the following cl aims.

‘What is claimed is:
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12. The nethpd'according to claim1 wherein the
sanple solution.is present when the absorbance is
measured. 13. The method according to claim1l
wherein the absorbance is nmeasured continuously
before exposing the sensor filmto the sanple

sol ution and during exposure of the filmto the

cr.AINv@™Pl e solution. 14. The nethod according to cl ai
13 wherein the absorbance is nmeasured con?inuous?;m
gergie exp83|ng the sensor filmto the sanple
' LS8 of i LXNOSKL&RE thBecdniérttation tdfecidaripd &
1. sfglrﬁ?t:hgﬂ,ofa ]ﬁhg%%lgglge%p%sur% of the Lﬁallmnto ?ﬁe -
samplSRMRIR vwied alkdnsor: filmd Said Thethodedropissgor ding to claim 1

wh [ - D A _
mrglim?ﬁ!ng g%gé% rsglg%cr: Ig{llaf/]éévﬁxggg%&erédc n{xgr’ﬁf)&ﬁﬂoﬂ Bsheess

ne

- qnanocrystal .o in FkRfes W i
- < _ Ak bsed ©r al
’?dFﬁﬁgropﬁbré%,?an |no?é§%icsgﬁuoroggg§gs$; 1g?azﬁ@nm
specic§TRi tho serafle golatidnst at i vel y measuring the concentration

of chloripe in a saml Ql Uk | Lt '

R D e SRR 1 L BRSO o
censor Wi 98] iSRS PolfrhbMudjRy labid aidihenmoas vatnihosindicaar and

conprising anindicator that changes its optica
hydxoglﬂloﬁﬂfetsemrﬁlmn bei ng exposed to the chenical species

bR SATELS, ST, e RS0, Sibfgkctn
: betweéalg Lﬁx{@f inARkaRl e hypaeeelry sensonivf, | 'qn(;}aé@;;rly? %’h:’&!]}%ﬁ@ium,
ive m xes wt h the indicator and hydro l'djﬁi he,

quate?gl?’f glﬁlgﬂffggltl’lm l@gﬁfﬁﬁlaﬂhepé"é‘ilﬂé‘%t (SR of P %’%i%f onfélfr%éd
quatergaryc éWOD(l%l @%)Whe?eiﬁoﬁ%l ¥Rentriide begateinan daﬁrimonium,
quaternary phosphonium, quaternary imidazolium, quaternary pyridium, quaternary
pyrrolidinium, or quaternary sulfonium sait is 5-1000 times greater than the
s{bichiometric amount required to ion pair the indicator;

exposing the film to a fixed amount of the sample solution; measuring the
absorbance of the film at a wavelength near the maximum absorbance peak (Amax) of
the indicator using optical scarming equipment; and

quantifying the concentration of the chemical species in the sample solution

using the average absorbance measured from the sensor film.

2. The method according to claim 1 wherein the sensor film is self-contained
such that it does not need auxiliary reagents outside the film io measure the
concentration of the chemical species and wherein optical response is in the UV,

visible, or near-IR spectral ranges.

3. The method according to claim 1 wherein chemical composition added in the

hydrogel films comprises an organic salt or surfactant and an acid.

4, The method according to claim 1 wherein the indicator is pH modified in the
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i mobi [izing the indicator in the hydrogel film by
Rui ning an ion pair between the indicator and a
quat ernary anmoni um quaternary phosphoni um
quaternary im dazolium quaternary pyridium
" quaternary pyrrolidinium or quaternary sulfonium
ion, wherein the concentration of quaternary
hydro%!ﬂﬂ%ﬂﬂ lbblfThsiﬁgl aineidd k3l et Sohothieugrpup senséstingraf sulfonic acid,
_ “dazol i um quat er nar ridium .quate e
phoSplfgmfr atifl.deanbarmiic seidcnsk R V’q’&{ﬂgﬂ B GRe L pdion of the pgids
. are i Y ~ -
substap TR G Ty BBl B i b B
to a fixed anbunt of the sanple solution; neasuring

t he absorbance of the fjlmat a wavel engt
5. ke methodsenBinice omd VAR SHOT e arenyy ffing o
clear R SR SCRRA A HinGGitr AR chefichl mixturdiaaidllovedng dtsheaid
concentration of the chemcal species in the sanple-
film he@hghiduokness hepwehe 16 vad g ediasdr bance nmeasured from
the sensor film17. The nmethod according to claim16
wherein the concentration of sulfonated
6. '§h& %étﬂe?& QELIMBNR 6By WBkrdiss thekwmen fmlisapepated by

percent (vol une).
adding sulfonated tetrafluoroethylene copolymer to pHEMA.

7. The method according to claim 6 wherein the concentration of sulfonated

tetrafluoroethylene copolymer is between 1 and 7 percent (volume).

8. The method according to claim 6 wherein the concentration of sulfonated

‘ tetraﬂuoroéthﬂeﬁe copolymer is between 0.1 and 7 percent (volume).

9. The method according to claim 1 wherein the sensor film is a two-layer sensor
film prepared by overcoating a film containing the indicator, a quaternary ammonium,
quaternary  phosphonium, —quaternary pyridinium, quaternary pyrrolidinium,
quaternary imidazolium, or sulfonium salt, and a metal phosphate salt in pHEMA
with a second film containing quaternary ammonium, quaternary phosphonium,
quaternary pyﬁdiniurﬁ, quaternary pyrrolidinium, quaternary imidazolium, or
sulfonium salt, and metal phosphate sait in pHEMA.

10.  The method according to claim 1 wherein said polymer additive is sulfonated

tetrafluoroethylene copolymer.

11.  The method according to claim 1 wherein the polymer additive is sulfonated
tetraﬂubroe'thylene' copolymer and the indicator is 2-[2-[3-[(1,3-Dihydro-3,3-
dimethyl-1 —propyl-ZH—indol—2¥y1idene)ethylidene]-2~phenoxy- 1-cyclohexen-1-
ylethenyl]-3,3-dimethyl- 1-propylindolium perchlorate.
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12.  The method according to claim 1 wherein the sample solution is present when
the absorbance is measured. J

13. The. inethod according to claim .1 wherein the absorbance is measured
continuously before exposing the sensor film to the sample solution and during

exposure of the film to the sample solution.

14.  The method according to claim 13 wherein the absorbance is measured
continuously before exposing the sensor film to the sample solution, during exposure
of the film to the sample solution, and after exposure of the film to the sample

solution.

15.  The method accordmg to claim 1 wherein analyte-spemﬁc reagent (indicator)
includes organic and inorganic dyes and pigments, nanocrystals nanoparticles,

quantum dots, organic fluorophores, and inorganic fluorophores.

16. A method of quantitatively measuring the concentration of chlorine in a
sample solution with a sensor film, said method comprising: A '

preparing a pHEMA hydrogel sensor film having a chemical composmoﬁ
comprising an indicator that changes its optical properties upon being exposed to the
chemical species in the sample solution;

adding a sulfonated tetrafluoroethylene copolymef additive during the
formation of the hydrogel sensor film such that the additive mixes with the indicator
and hydrogel of the sensor film, wherein the concentration of sulfonated
tetrafluoroethylene copolymer is between 1 and 7 percent (volume);

immobilizing the indicator in the hydrogel film by forming an ion pair
between the indicator and a quaternary ammonium, quaternary phosphonium,
quaternary imidazolium, dquatetnary pyridium, quaternary pyrrolidinium, or
quaternary sulfonium jon, wherein the concentration of quaternary ammoniuim,
quatemary'phosphonium, quaternary imidazolium, quaternary pyridium, q‘uatémary
- pyrrolidinium, or quaternary sulfonium salt is 5-1000 times greater than the

stoichiometric amount required to ion pair the indicator;
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exposing the film to a fixed amount of the sample solution; measuring the
absorbance of the film at a wavelength near the maximum absorbance peak (Mw) of
the indicator using optical scanning equjpment;. and

guantifying the concentration of the chemical species in the sample solution

using the average absorbance measured from the sensor film.

17.  The method according to claim 16 wherein the concentration of sulfonated

tetrafluoroethylene copolymer is between 0.1 and 7 percent (volume).
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