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Description of Related Art

Sensor methods and sensor films for quantification of volatile and nonvolatile
compounds in fluids are known in the art. Typically, quantification of these
parameters is performed using dedicated sensor systems that are specifically designed
for this purpose. These sensor systems operate using a variety of principles including
electrochemical, optical, acoustic, and magnetic. For example, sensor systems are
used to conduct optical inspection of biological, chemical, 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 optical

sensors and probes.
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diagnosis, and in other industrial places such as mining and metallurgical processes.

Optical sensors are commonly used for analysis of phosphate.

A commonly used optical method for phosphate determination is the molybdenum
blue method. The basic mechanism of the molybdenum blue method includes the
formation of a heteropoly acid (HPA) by reaction of an orthophosphate with a
molybdate. A molybdic acid is formed and then reduced using a reducing agent under
acidic conditions resulting in color generation. Several other methods for phosphate
analysis in aqueous solution based on the HPA chemistry are also known. They

include vanadomolybdophosphoric acid method, molybdenum-stannous -chloride
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development of self-contained sensors.

For convenient and efficient 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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Another aspect of the invention is a method of quantitatively measuring the
concentration of a chemical species in a sample solution with a plurality of sensor
films. The method includes preparing a plurality of hydrogel sensor films that change
their optical property in the ultra-violet, visible, or near-infrared spectral range upon

being exposed to the chemical species in the sample solution, wherein the chemical
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According to another aspect, the invention is directed to a self-contained phosphate
sensor is described. The self-contained phosphate sensor includes at least one
analyte-specific reagent and at least one pH-modifier. The self-contained phosphate

sensor may be used in solution or as a solid-state device. The method of determining
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the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

The above mentioned and other features of this invention will become more apparent
and the invention itself will be better understood by reference to the following
description of embodiments of the invention taken in conjunction with the

accompanying drawings, wherein:

FIG. 1 is a cross-section of a self-contained sensordisposed as a film on a substrate

constructed in accordance with an embodiment of the invention.
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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 curve 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 function of phosphate concentration.

FIG. 11 is a calibration curve for an embodiment of the self-contained sensor of FIG.
1 comprising Brilliant Cresyl Blue and molybdate salt in water, obtained by plotting

absorbances at 622 nm as a function of phosphate concentration.
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FIG 16 is a calibration curve for an enbodi ment . of .

1 cpmpgising-Aaie B Ardimolyhdste st m polymer gREHs Qbffgned by plotting

s@lchbndddtrR@y mer matrix,

ﬂ!g%b%ﬁgé&?‘?g gtst%%d@b ?Eéﬁhes ca? 650 nm as a

function of phosphate concentration. FIG 17 is a set
Fis3. L§pe atsceofapedrafeft elufé@wntmimsmihaft eoncommbinng & japembodiment of

nbodi ment cont

g AP Seige BensPEo s PR BEOREE R olfigare saltin
pmﬂaﬂhﬁﬁ&le 18 is a calibration curve for an

enbodi nent of the self-contained sensor of FIG 1
conprising Basic Blue and no] ybdate sa

Flat 16 i 2 gbrétl%aurw fon @y smbreimeaHf 6%%%%@0%313%3%9% FIG.

%&b%g il FRNHRAR" At BNpolfthG mhix, Sbfined b

lgcé) 0 olg[gﬁ:}zlalw;t@ﬁ%“a%erent{%p osp alt gpoc%:r%centratl onsl,ne Y
plottingrabsebinads medf0 roh as b furstbh of pimisphate dorsentsaionof FI G

1 corrpri sing Methyl ene Blue and nolybdate salt in

FR Y et Sunp Lo AL RO He R & fodlns o
tHEOSE ot difedViinb 6NEIG! Weconiiisiiy phdaBlusahd mélybdate salt in
pol ymer matrix, obtained by plotting absorbances at
pEsTenmatist. a function of phosphat e concentration. FIG 2
1l is a set of spectra at different phosphate

FRONGERE @libR2ASH E@ve 36 mdﬁ@ﬁt &the self-contained sensor of FIG.
1 comprising Basic Blue and molybdate salt in polymer matrix, 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

plotting'absorbances at 650 nm as a function of phosphate concentration.
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the self-contained sensor of FIG 1 conprising Basic

Bl ue and nolybdate salt in a plasticized pol yner
woradoriosededl G 22 is a calibration curve for anPCT/US2006/041104

enbodi nent of the self-contained sensor of FIG 1

conprising Basic Blue and nolybdate salt in a :

asticized.pol yne trix, obtained .plottin .
Aol ich 80 BRHAE! ikt hoDRtBicBRccomt o dhn i bodiment o
the BelLBbHtAInt@Rensbt Gf FEG. 1 Icbiphitb aSastdBRePiidORoBBEAE s8lt in a

of a nolybdate sensor filmaccordi ng to anot her

Péastisigrdroplymsr malix- i nvention at different nol ybdate
concentrations; FIG 24 illustrates a response curve

FI8! 23 1€, SR Qon' &l 1?; aft bfhodiftent !)ﬁhe%glf-lcloht%ﬁlteg %r?s%{ of FIG.
absorption spectra of a nmagnesi um sensor according to
laratgrsingeBisocBiverind ofiolyiiatd davtein tal phastisized bblfygiee fiatrix, obtained
brraé)g esi ugn concent r%l ons; FIG 26 illustrates a.

¥ %Bﬁ%é orhapses 35050 B Sérienetian qiphgsphaiegongentrations, 27
illustrates absorption spectra of a hardness sensor

FGCDS diRealed aBHaaitivarspeetRas MBBiybhte sBRot AURALLRBRnE o another
di fferent concentrations of magnesium FIG 28
epbodisngnd pé theanyeasipn asditferentmolybrate lsenesatrsioonsf i | m of

FIG 27; FIG 29 illustrates absorption spectra of a

| ¢ r anot h e iqent of the
G R R R Ees P Ll O on e SR A B Plhe: Pl 30
illustrates a response curves for the sensor film of
FEGG2S5 ABustfatds, abBorbtibh Ispediraad fos nadpmesipii @hs@peedidingofo another
ﬁﬁlfite sepsor accord'.ﬂgr&to anot her enbodi nent of the
CROLIRSNS AT L 1RiyepHen alfiliEient mAgNCSHRLENCFRITAIONS: FI G 32
illustrates a response curve for the sensor film of
FEG Q26 (istratbSa redporisk sk e RS séhsby fint 8f FRED 50T spectra
of a sulfite sensor according to another enbodi ment of
the invention at different sulfite concentrations;
Fip 27 gillugtiaitns absorptinne specita syfom Jerdngssy erser ag¢nadiggrigoanother

el oy ot i infiplipi il RLA R ER R ot s

the i nprovenent of sensitivity of response upon
FEa 8 illystrasés 4 respame cnye Carthe sinsat filanoOFIGNATj on pol yner
in the pHEMA sensor film and FIG 37 illustrates the

' \Y nt, of. Fl 36 otted as .t he sensor sij.gnal
Fﬁ‘gg gge@gg%&ﬁ?se aPSoorgiOﬁ’p it e%#ra c?ﬁegr(fai%mae oSt P%\Ctof“hgg 3ﬂ another
e@bbSiene 6f (it ivedfidd htChffereMcal diliMicbhM@trations;

FIG. 30 illustrates a response curves for the sensor film of FIG. 29;

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

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

FIG. 33 illustrates a typical set of spectra 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;



regi on of concentration of Nafion in PHEMA where a
maxi mum sensor response i s obtained. Correspondi ng
WO edogiosncke characters indicate correspondi ng pRCT/BS2006/041104
t hroughout the views of the draw ngs. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The invention wll now be

rE3ETRERe AL R ALt | ) o vt

enbodi nents are described in detail to enable practice

FIof. 36 éllushurst the nmphdtenmny oft easitinie wifi naqunse dpenridddipn of
wth reference to_these EE ecific

ingieRBAg FRIFERtration qfilyatiogpo A %@d@fﬁﬂg Sefl‘i*?é flmy et i on

is not limted to these preferred enbodi nents. But to
f(ir &7 Aitstratey thd ﬂﬁpﬂo@&ﬁ@ﬂt' SNFICNCI ¢ gRBted LIEHO U8nsor si gnal upon

ternatives, nodifications and equivalents as wll
expeswEEo 2pgrEn @:ﬁtchrommd@mmmatancﬁms&mp 9é af Giticalperyintuitive

detaiJ ed des p
Y | COfIC 8g|()% ]\gaﬁigne{ﬂ gér orﬁg)ru?ﬁﬁ?r?ns%ﬁﬁg%trs%onse is
ogegntration of chem cal speC| es in a sanple at trace
concentrations. Enbodi nents of the self-contained

sensors described herein can be used.either. in
Corespondiag uefstence sharaqien mskicais corespPInE PA LS h@ggﬁ@ﬁ?he Views

Oﬁﬂgprasxgla% cont ai ned sensors have the advantage that no
post - i on reagents are required to determ ne

anal yte concentrations and the anal yte determ nation
DETHNILEBJDESER IR IGIMOFalHIB INWENTIONor ocedur al st eps.

Mor eover, sel f-contai ned sensors provi de enhanced

enS|t|V|t. ndafater sp S gl )
BRI VO e SR AP R e RS RO it
rSHSRELR the RISl @ss, G@lﬁk&%@ﬁtﬂr&btrém 3m1bnd1mdne;sare slasqnibed i Idetaﬂ to

concentration in a test sanple can be qug sing
emableipiabiies plothe duysptiope Adthangly theyinyentiony, Q%HBFi &1\% EF ence
Elgé“é” srp%Q e gﬂ%f%ﬁ%d OBoditheR2Sit @ﬁlﬁ’ 59 hndérﬁ@o@ 8laf e RLBE S not

I cal sensor. tical sensors possess a
lintirhes thdse é}ﬁie/fanéchgﬁmodmmntsotlh‘artosthﬂ sontrarypths inyandongaaludes

myrEgu R0 ol Bl D SR P o
c&‘i’sﬁdéﬁ&fo‘hrbf%@ﬁﬂlo%ﬁ?&’étﬁle@f&sd}ﬁﬁmﬁval | able. Also, with

optl cal sensors it is possible to performnot only
"direct" analyte detection, in which the sBlect rosg
Dischosgd exse afiproved gmﬁoyg@tq}aé compositions and methods for det rmlmng

the concentration of chemical species in a sample at trace concentrations.
Embodiments of the self-contained sensors described herein can be used either in
aqueous or non-aqueous 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 test requires 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 concentration ina
test sample can be quantified using a calibration curve generated by testing samples

with known concentrations.
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measured, but also "indirect" analyte detection, in
whi ch a sensing reagent is enployed. Upon interaction
wowaoh/ostre3 anal yt e speci es, such a reagent undePQD®S2086/041104
change in its optical property, e.g. elastic or
i nel astic scattering, absorption, |umnescence
intensity, |umnescence lifeti ' '
tngghiagnect ol RATERGT g B pfes] Sorhdh onfcl @ilors possess 2
nGRBR JFaslvaliesdsCiler Seee Gbrisyt typeyyi th nidsaimpdrtamt bdingytheinevide
spectroscopi ¢ measurenment and can often qverco .
repgh of Waseduction briasiphes: Ppiica} penserfc@n RSO gg?sdfoﬁ ghich
o the in [ he : ' : i t
ol 15 BEGRL Pl S T o R e T BRI feabeitorm no
oRlgadirbatt hidled detddiosHaciliel theapoarospumc Eeposupkthe @nalyte are
trace concentrations of the chen cal sFeBi es. the film .
mjegsugeds o ndlpQ b ARAEPCE o ApKter ARRCHEBn P VTN f TR g o4eet
e&gﬁ%(g.a'dﬁen%ﬁma&fonewﬁﬂ 3hy b FRApELiES sheiRGCRhgdnt Gndergoes a
exampl'e, "a fluorescent or colorinetric indicator), a
chavlgy ity itvRbptical opropenti ngt i edastiof opangiaic geatieriags absgygtion,
auxi liary mnor additives,.wherei -he. fi i & :
s PIEBHA Sunsent HPiRer Roaation Ll Signifisanty, his
<& otenbir&t RRlHBAtcoMbihdd Ehemib RMetiyite-vaiftechdtiaffered by the
reagent is immobilized within the polynmer patrix to
spavtostopis Seeasorentank mandEx eafp| @fienofOVERRgMS \Rilkergise  troublesome
jéu?facta%%s and internal buffers. Qther additives can
ISP §15Puded. The polymers utilized in the sensor
filmare perneable to sel ected anal ytes where an )
AaRatdyicetol the anmeatibmi the ctresot omterimfrechiange theircipdiss! prbperty in the
chem_cal speci.es detected b e sensor. The
i) Pl Pes e, oGt ERUORY SEE g SDR cppegure to trace
c8R§e'n&ééiorBf bt dh€Riida® sPecies?DTRE FAMCIE a_bblyfieebadCeimmBition
a function of analyte concentration. Desirably, the
canahly éachpticg fi chereailynsensitivie ryelate-spaeifie Hﬁ@ﬁf@g (fop expmple, a
tical property.outside.the fil t C [ ’
st oF eg enmetef P g plylel el s GBRERACA S Botymer
A8l 8d ABiISRP Ehigsr aRlipreswhiedintye fihe ispregloced from a solution
formul ation. Measurements are perforned usi o
of | the goinpprants, ins p oErREh Folyeat (it bfeb FUETES: ﬁ%e kgl gRcitic
those. skil bRyl & el fll;. Examples
rﬁ%ﬁ??e@éﬁlﬂfly ﬁ?Z aelh M@ﬁé@@”ﬁ%ﬁ‘%@@?ﬁ? gﬁmg)f t hgﬂgensor ) P
Jfialdativdxeire stuffectansmabintdron buffetsu dberadditivienpar be also included.

SN 0 1% Bt GO S DSOS ST SAre
d\?ﬁma{;ﬁ@ﬁé |oe@fint dheniicHIRPEdiés 66 cRBALY bRersREICkfecies Id@agrit by the

selection of the polynmer matrix . )
sensor. The analyte-specific reagent undergoes changes in its optical properties (e.g.,

absorbance, fluorescence) as a function of analyte concentration. Desirably, the
analyte-specific reagent undergoes the changes in its optical property outside the film
where the change in response is not affected by the presence of interfering species as
provided by the sensor formulation.  Measurements are performed using

ultraviolet/visible/near-IR detection systems known to those skilled in the art.

The desired response is achieved by tailoring the composition of the sensor film

where the composition includes additional components in the film. For example, the
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conmponents where the polyner matrix conponents are
additional polyners. It is desired that the sensor
wo pdomobeZ el f-contai ned so it does not have a PerRUS1006/041104
auxiliary reagents outside the film In one
enbodi nent, the above- nentioned sel f-cont ai ned sensors
[ r
ached, S8R GRS MRRELH Byl BROREE OO TRICARATof the
inﬁmb@kimﬂdsinh]yai-spemlﬁlcblrtageh'angﬂhl selealoar iofethd cpolymer matrix

phot f t toch
coR RGPS CBITES (i AlPRET SEaRit GPTRgTen gL orak RPDEIFhg 1 s

e?ﬁ‘écﬁgiatz el Rhsor A RVEIAULRBinRARb! i€ BbestoP REVE ¥ nb&Piod lauxiliary

etecting physical, chem cal and bi ol ogi cal
resgpats @ssidotha lfjine - speC|f|c reagents may include netal
cpnplexes or salts, organic and inorganic dyes or

ments, n stal s 0
B T e e N
sp%&l@ilc lre£gRAP MBS bﬂnﬁloﬂﬂi%f eafs. uspithbhti, fardlgteispedifie reagents” are
sensors serve as buffers and maintain the pH | evel

compousdngbat bl ehange sina ColQTiEeH S, aPROWTRIAFVEN thtoc%mmlc
thgrh%cﬁfd)%?weﬂ{l Kesdohf %a%ﬁé's@&%eﬁﬁ GhARISR s %@t‘éﬂﬁ@ OpA&iRkion, and

ers e ends upon hature o
angnafhyi epsa Cprf)penyf eﬁdn forudetetting uphypidall;rwhemlcai andd;aologlcal
i ncl ude aci ds,, bases, or salt sel f - cont aj
SRS BRS OGo FS PR AR IS LS EOTRLESES Tl cGpanjg and
1n§f£sah - ab&t 6r gﬁéﬁh&?@ niJorfRiRd | ﬁﬁ‘foﬁ%c&g hﬁﬁl‘fﬁuﬁnﬁglfs @Fganic

on, comon sol vent osen for the
ﬂubrbplmr@ninocgumm fluarephgespind ﬂl@lrs:en@mtlowhereeﬁ anpl es of
such a solvent include, but are not limted to,

| zed wat er - mat |
o SR L P e L8 b TSP B RIBLor e snsr
foklfatias ﬂeﬂé@r&m ipSophifyb padfeabll for 2he einbioxymedhanio, The

buto ethanol met hyl ene chlor|€?‘ tetrahydrofuran
difest ‘Eﬁeaé%%‘%%theé’ﬁﬂ%@ the sapl e ifig  reagent used,

bdggaﬁ ﬁiamﬁfema%)dudg%de%lsésca{ ia of the

contal ned sensor as a Solid-state device, the
sensors described above are attached to or inmobilized
Therscdf-puitginet sawaars idescribhé hewirsmay barsed esolutionpersasdolig-state

a.filmon a. s dp orect
aiisopdrey A AHEPE Ao Senick b B P f BBh R S RabH Spogen, for
theRyffabhteohstied@eof 8o sesopesdhe Smﬁmés &susieh e6livemiihyinde, but
sensitivity, and limt of detection. Thus, suitable
argencarliaites 1o rdeionizedeaist (PLvARS Saheb-pragmol (Dowanol),

etgglgo\g,gﬁagéﬁngmcﬁlohﬁ%ﬁn,c @(ﬁﬁgﬂe, Q}fllerg, O dFLRg fsgﬁrof@ﬁ I fi&hol, 2-
ethoxyethanol, 2-butoxyethanol, methylene chloride, tetrahydrofuran, ethylene glycol
diacetate, and perfluoro(2-butyl tetrahydrofuran).

For application of the self-contained sensor as a solid-state device, the sensors
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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time, a desired perneability, desired solubility,

degree of transparency and hardness, and other simlar
w@barasi4es i stics relevant to the material of i PCEUSENG6/041104

to be analyzed. The polyner matrix of the sensor film

IS preferably a plastic film i.e., aresin film The

res ize r
Db 35 S R LI o HBR T FEREASR pone
tir€) & @dsired Peinhability alesingl yilebiERededree of aagpatendeanhkadness,

drs ersed in the liquid medium Alt atively, th
aném&h%rtsgn%ééaﬁw@nﬂ@a@@manﬁ&yths @ﬂaéﬁrrﬁf Pg@tedw 8{‘?9 %Pf’ﬁ@eé-n

al ready fornmed plastic film In one enbodi nent, a

T}&o#%)%r antyﬁpkbﬁth@séﬁso@rfﬂmaisﬁ&éﬁeﬁer v & gra@ﬁmrﬁ i &1 iﬁ’ﬁ"és‘irh &lm.

nown neans such as evaporation
They resineutilized tarfernp fthet p@ynmey stippon dﬁpeadsc@n; Itheaﬁielnsor applications.

TRERELE o, Bl D] SR e b pseBen bosomes
disyeedi inenk ahqhﬂiemé@iﬁﬁlor Aitbllnﬁh{/éﬁ,pﬁh@ RARKE- @écﬁi@%ag’&t @nay be
cl ear plasti'c surface with in layer of the

anphedrdrrmﬂhyrtpm@}reacbfrfgnmd Pagis filan. dIn;pnwmboémﬁ@F,.awlmer film
is P At B0 o Aelop b6 08 e TS B9 BRY oRmenns syl o

evib6iafios,, followed by ﬂfe&fpréu}fe of the-drit Giln 1o arood&alh nehtaming at least

preferably 1- 50 microns. For evaluatjo respo
onerfgagent. ni1 @%‘Y%§éﬂa836t i§ dRROBRATAtSE pyP 4 . ah‘a‘?‘Vt snbodiment,

thp§§ Jop Bk is gﬁgy m&oaﬁfl tatb‘?ea? %%BH SudRERkgh thhlhh§yer of the

ana yte ran rrL and about
cheariq] emthmmﬂa rllowédkto dmymwra mdmf rseeerpl MU@fd il Hibfu tark.

de art g.fromthe sc f th 0
T R PR SeSRaR I e o8t O 200t ARaBa, more
pﬂ@f&@ow 0&f-1 @PnicrdnsA8 k26 pRd&rabignd- sPhrgcrphEl erably 5

-300 seconds. In one enbodi nent, the water sanple is

then renoved before neasurenent of the sensor fil
Fox eeatvation) 9f TQSﬁ@nSrﬁratﬂ@r fifranis| exnoses (R PPV NRIHRLS| g% analyte.

Déﬁleabl}? @l’f‘éﬁrﬁ tﬂenaqgg(ﬁl%s%/ sﬁtngﬁ%ﬁ{/ ﬁlrg :?P%?%q%g%% F)tetwéelﬁeabout 30

neasur enen one tg

uIexapdsabbet SOIerD of) ssapley hexgaes witlesr smemgs arercmmreplated without
exposure. |Jn a further enbodi_nent bhe. asubﬁlnqe i S bout

depH et SEEF Pt BErBrRtRat &rPepoiTe @een abou

0.8 L 81006 %BRME Enotelpriferad R LS3000 cbRIR! ardBoROprAFERAHIE 5 — 300
material used to produce the sensor filmmay affect

 sechiedsd dnevicicotboginapr the estes semples's dangempyed hefore measurement
of %rr]eSISteﬁs\élrtﬁlm angdterna el Y, tfhed\%tat t§a&1@ﬂe Qﬁlsbe present during the

measurement. In one yet another embodiment, the measurement is done continuously
before water exposure, during water exposure, and after water exposure. In a further
embodiment, the measurement is done continuously before water exposure and during

water exposure.

It is understood that the polymeric material used to produce the sensor film may affect
the detection properties such as selectivity, sensitivity, and limit of detection. Thus,
suitable materials for the sensor film are selected from polymeric materials capable of

providing the desired response time, a desired permeability, desired solubility, degree
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suitable materials for the sensor filmare sel ected

frompolyneric materials capable of providing the
waoele®nsEes esponse tine, a desired perneabilitypCTiestoneot1104

solubility, degreeof transparency and hardness, and

other simlar characteristics relevant to the nmateri al

o SRS AR 5 BN ST fp e PRt o (E material

ofinfeés0S BuRaKE BoNUHOFRICE mAPSlfkl A8 BoRRIcR] lsﬁbpo@ts in accordance
Fj£dro gel is a three dinmensional network of hydrophilic

Itbwressew\dlediom ereblsinogelse dAs algBnérk hereim, fadrydrogel is a three

t er .i nsol ubl.e.struct
SRSy aR FoiontBlor s RUE bR Aol et o form
whRr-8wellablé bat WateX Rs618Ble)strasu! [ThaSerlnhpdrogdl is tebeapdbied to
descri bed in US. Patent No. 5,744,794. A nunber of

hyrirpphilie nelymern Bids divesiatp éxqiegel) asowell as ihe wist pigteragglescsibed in

[ﬁ§9%4QF - 5555594ty|ng of hydrogels via radiation or
I'cal cross-1inking of hydrophilic polynmers may

be ut|I|zed exanpl es being

Apmlrylﬁdnyxfrdiffy@hh;deﬁmﬂh atayybeatsed )to tmoﬂhyieahy@rbgais topeths)., First,
B i BrgeeilagnaRiss ohied ] s kg oL drobhic Sbiymers

nﬁ?' ¥é aﬁtﬁliﬂeéméiﬁﬁxbles PR&iME '\b@?('}%hl%%&ﬁ ethacrylates) poly(acrylic
pol y(N, Ndi et hyl am nopr opy acr

agdd)y (pelylﬁlylbélneryhm avds),, p@a@lmﬁoma@gcrwhte) poly(vmyl alcohols),

PR A58 CROMERSRRASES P QRGRSS: povoun:

dﬁ)/dﬂﬁ}ﬂilrhﬁi@pﬁ?pyﬂl\da&@lahﬁﬂ@§e pb@%&ﬂyl@ﬂé’ | Vitrie¥)e's . sodrevpstassium
via chem cal cross-linking of hydrophilic
p%('c\mé%tg@a@alwvamee #igt anippiedprlemetesy sVaFt GHR pEEese ete.,

p&g{l@%ﬂ 1 oxﬁoﬁ) H'cje 14186k ?%é@@h@ﬁl\)egdsggdngg \%Htl% via ehemlcal

yet acry ate) cross-lin
cioss-tialkbihg oﬁgydlbshmu @hlymerst\hﬂ\l morbdinyls endbaaoeprdtapolgfinctional

paibey e B S e e bARGr R Rlmetacryare)

cﬂoﬁé Hﬂ%&’\kfﬁlﬁ‘ §u1gibl'é3 enfdl SAEK ¥4 ﬁtle - ﬁﬂl&%ﬁﬁcﬁ‘ﬁ'&fnﬁie olyethylene
tetraacryl ate, rlnetgglo propane tetraac F

deplomc ay@,metlwlenpaw@é qmd@f@; Rrapihgton | chyeol dpmefhacrylate,
tria | a erythrijtol I

OB B L B B, LR
teh@hdraRcd, y| dipenta@ihexyll abedado%ylaet hyttiglegttydflpfopane  triacrylate,

trlacrylate hexanedi ol di acr Iate hexanedlm
pentaRsyHEEy | SHaoTdAE, otmrepoRyiatedndely¢erylac rijpeiyiate, anethoxylated

pﬁg%ﬁ!} Xygdtl ﬂ%ﬁﬁactrﬂg%% %ﬁﬁgglﬁfé‘agﬂgﬁnﬁﬁ%ﬂpﬁ;pgne tn%crylate hexanedlol
dmsrtydﬂte criexshédidi ndjmethentytate pahd/ ( ethey | dire @i dtel)acbyiatesi and
n%ﬁla\éry'ia%es t?le copolymerisation of hydroxyethylmethacrylate monomer with
dimethacrylate ester crosslinking agents; poly(ethylene oxide) based polyurethanes
prepared through the reaction of hydroxyl-terminated poly(ethylene glycols) with
polyisocyanates or by the reaction with diisocyanates in the presence of
polyfunctional monomers such as triols; and cellulose 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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prepared through the reaction of hydroxyl-term nated
pol y(et hyl ene glycols) with polyisocyanates or by the

WO e@chs@m wi th dii socyanates in the presence 0OPCT/US2006/041104
pol yfuncti onal nmononers such as triols; and cellul ose
derivates cross-linked with dial dehydes, diepoxides

R RIS LG8 Ry L i R0 5 o

palg(adiyameglycolp XBEG), escriléi aghl (40X, anly(dnalf pyrcdplong)rgody(vinyl

M T T NI R T

. o0 =4 : ok 4o
pd;?{%melﬁ‘%ﬁhe-’éb”rﬁé?ﬁ)ﬂ one) meﬂﬁl:%&l’dtéﬁ’ acqiow@lhg?@fawx& Déhnide),

, N, N-di'met hyl am noét h met hacr
pplhydmsyyiopyli de-eahmeylatetcorsNrdimnsfhdeminoethyl  methacrylate);

b PR R bt pa A B O R onprgerviny
alB&tloY (c\ébay/ilneﬁ.y RNk SRARY; FElyRRINMEENERN HoBARIhMIFEFES based on

pol y(vinyl pyrrolidone)-co-vinyl alcohol copolyners,;

p@m«eﬂgﬂ@p I;; pqizgmryﬂwe@mmeamdm(?wloyirri@wa agrglic acid)
AR VRSORS00

amn@oB(actylicehoidof deslestddn vasplet foahat{oac melyoslsd foicbwshetween
vi nyl al cohqgl s) and, pol y(acrylic, acids).

ol aelrsiplad PophRelEIF ey aBPls Bues rpoii(a(?%]éﬁe oxides)
nyGEAROPIcRPRIN BRIt RSl anP BOMTRE BacrHE RGP Lust, tying
vipobntegteryérit cerass-tiskingnal pighy fowtschiac ryéigbt @gd@phﬂich@ymers,
xRl D TR Ot e et melbsyRo sl i tuGRy e Bides

adR%84 wil pol It dihSCkAlc MR incRBMEtset hyl ene oxi des)

adm xed wi t'h pol yfunctional acrylic or vinyl nononers.
As noted above, copol yners or co-polycondensates of
Araatsdebp e, copelymetseaitc-relyqondenspisy ef FenpmgHe gonstituents of the

. d L ng.

s TB0ge BN B o BEPI QRO USRS, (R o be
utilidedr | dixanmles iofi dpdicatBonsedf ahese idiestats ot eéd Phclaedet al,
Jater detection usi f.iber-optjc sensors and »
Htiiogeh ail-ans Sl Ao Tisson per-rasenzors 1 Bydpassls.” I
LBAWRARSTecBhoR! 1995, B8T 1 AlsL ot BbRhexed: B) MSerkB@SAbItiplexed

or the detection of high humdity in passive optica
poist seoskSor thedetectien of highbrmidty in gaBive4pticalmgtwarks’” Opt. Lett.

1k PR R et By <ol ved ina

As set forth above, the hydrogel making up the polymer matrix is dissolved in a
suitable solvent including, but not limited to di(ethylene glycol) methyl ether and
ethylene glycol phenyl ether, 1-methoxy-2-propanol, ethanol, acetone, chloroform,
toluene, xylene, benzene, isopropyl alcohol, 2-ethoxyethanol, 2-butoxyethanol,
methylene chloride, tetrahydrofuran, ethylene glycol diacetate, and perfluoro(2-butyl
tetrahydrofuran).  Generally, the concentration of the solvent in the solution
containing the resin is about 70 weight pefcent or greater, with about 75 weight
percent to about 90 weight percent being desirable and about 80 weight percent being

preferred. One preferred hydrogel that will be used for exemplary purposes below is
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suitabl e solvent including, but not limted to
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Anal yt e-speci fic reagents include organic and _
Ekaroplga nif ccodypesndm avhipdhg rambs | usad rascanpdyitersgecific reagents include

nanoparticl es,. gugantum dot qrgani ¢ fl yor gphores,
L of g?ﬁ’sc EYHF o %%Pél%or% dﬁg?rﬁ?ﬁ%;&{] d&ﬁ%’eﬁ?aﬁ%s)sf)%ﬁn%esés uv
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reat%\gnts i nclude organi c dyes, organic fluorophor:

s,
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in%}%%hbggggéﬁﬁg{@'f‘ﬁ%%%@?yl bRETTREBFPALSHHANSERY 111, brilliant green,

xanthene dyes 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 iodide 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
bromothymol blue and bromocresol green may similarly be used. Fluorescent

materials which may be used as analyte-specific reagents bond to specific
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and ot her known dyes that may be used for this
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In one enbodi nent of the invention,

St%tnlét‘PWF"‘s BoeyRt reqyiEsdgtonton; Ralk ARgBlyie wgcifig reagsnt, produced a

very significant 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 preferred molar ratio of 285:1 (quaternary ammonium ion:indicator) is desirable

for a particular molybdate sensor. By comparison, an optimum molar ratio of 18:1
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The addition of quaternary ammonium salt in concentrations significantly higher than
that required to ion pair produced a very significant improvement in the indicator
selectivity and sensitivity. A significant absorbance shift, desirably between about 10
nm and about 30 nm, and more desirably about 20 nm, in Amax to higher wavelength
was observed when the quaternary ammonium salts were added in greater than

stoichiometric amounts relative to the dye. This shift enables significant
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amoni um salts on pHEMA fil mwhen wetted. Table 1.
Ef fect of Quaternary Ammoni um and Phosphoni um Salt on
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According to the method disclosed in this embodiment, the multiple hydrogel films in
this embodiment each contain a different amount of acid. Some suitable acids are
carboxylic acids and aryl- and alkylsulfonic acids such as p-toluenesulfonic acid,
however any acid that can be dissolved in the hydrogel media may be used. The acid
concentration in each film is different and varies from film to film by a predetermined
pattern. The acid concentrations desirably vary between about 0.2 and 50 wt% relative
to dry pHEMA (hydrogel). Preferably, the film having the lowest concentration has a

concentration between about 0.2 and 20 wt%, and more desirably between about 0.8
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i ntroduce undesirable errors in absorbance

measurenent. Suitable pH indicator dyes include
whe@mosasesol green and bronmophenol blue. [t iBCT/US2006/041104
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of the various soluble salts commercially

The dye is a chromogenic indicator, which shows a change in the optical property of
the sensor, after contacting the dye with the molybdate salt and the phosphate. Some
examples of suitable dyes that may be employed in the analyte-specific reagents
include azo dyes, oxazine dyes, thiazine dyes, triphenylmethane dyes, and any
combinations thereof. In one aspect, the analyte-specific reagent includes thiazine or
oxazine dyes. Some specific examples of thiazine and oxazine dyes that may be used
include, but are not limited to, Azure A, Azure B, Basic Blue, Methylene Blue, and

Brilliant Cresyl Blue.
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For example, when the thiazine and oxazine dyes are mixed with molybdate in an
aqueous solution in which the hydrogen ion to molybdate concentration ratio is less
than 30, a significant red shift of the main absorption band of the dyes is observed.
Upon addition of phosphate to the solution, the solution turns blue. On the other
hand, when the thiazine or oxazine dye is mixed with molybdate in an aqueous
solution in which the hydrogen ion to molybdate concentration ratio is kept in the
range between 30 and 120, the main absorption band of the dye remains the same and
no red shift is observed. In this case, the main absorption band decreases upon
addition of phosphate to the test solution. The decrease in absorbance is proportional

to the phosphate concentration.
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H

In a further aspect, the self-contained sensor described herein includes a signal
enhancer. The signal enhancer may be formed of the same material as the pH-

modifier or may be formed of a different material. Signal enhancers may be used to
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dimethylphenylcarbamoyl)-2-hydroxynaphthalen]-1-yl-azo]-4-hydroxybenzene

sulfonic acid, sodium salt.

The pH-modifier for the analyte-specific reagent comprising a metal complex and a
metalochromic dye is selected such that the pH of the sensor formulation is
maintained at pH=7. Examples of suitable pH-modifiers include biological buffers
such as Good’s buffers or amines. An example of biological buffer which may be
used includes, but is not limited to, HEPES (2-[4-(2-hydroxyethyl)-1-

piperazinyl]ethanesulfonic acid). Examples of suitable amines include, but are not
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specﬁﬁ rehge%t anMe%%Wdﬁer and then dip-coated onto a clear plastic surface
to form a thin layer which is then allowed to dry over a period of several 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 wt% solids, so as to
not adversely affect the thickness of the film and its 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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contained sensor described herein, measuring a change in an optical property of the
self-contained sensor produced by contacting the test sample with the self-contained

phosphate-sensor, and converting the change in 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 dipping a strip of the
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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 changes in an optical property of a
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one aspect, ‘the ch anl%e i n absorbance of the senso

applicetiogonvéict idyg wixR-B- ﬁ(bétleﬁfﬁp’r?’e?' -dinefhylel-propyl- “2H-indol-2-
I, O i ned

S O e T MR L S e S

propylindolium perchlorate known as IR 768 perchlorate T he addition of Nafion

resulted in the improvement of the relative response of the sensor film when sensor

signal change is normalized by the remaining absorbance at highest tested

concentration.

A method of determining concentrations by using the self-contained sensor may be
further described by referring to the accompanying figures. FIG. 1 is a cross-section

of a self-contained sensor 10 disposed as a film 30 on a substrate 20. The film 30
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used for sensing chem cal species in a broad
concentration range. The filns nay be prepared by
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A nethod of determning concentrations by using the

d h des bed b
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a cross-section of the self- contalned sensor 10 in
EXOMBEE 1WwPHOSPHATEE SENROR 40. A met hod for contacting
the sensor 10 with the test sanple 40 may occur by any

In 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 spectrophotometer equipped with a fiber-optic probe. The probe
was oriented at an angle in the range from about 45° to about 90° with respect to the

device.

TEST 1. Synthesis of h-BPMP (2,6-Bis(bis(2-pyridylmethyl)aminomethyl)-4-methyl-
phenol)
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conventional means known to those skilled in the art

and whol e or part of the sensor 10 may be in contact
wowaoh/osdaes t est sanple 40. FIG 3 is a cross-septT/oR2008/041104

the self-contained sensor 10 after contacting with the

test sanple 40 resulting in a change in the optica
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measu usi’ng an OceanOptrics spectrophot omet er
weguirdedithiNs, ﬁltérecbend epapocated ohdryngise Prisigeverdd g (85%) of

ori.e ed at n he ra efro bout 43¢t
maisEg @’{ 'I{Mkt H’éhc i produ E%Pnitlons £ taﬁout 90%.
gehd sl%%éa the correct molecular ion peak (M+) at 205 m/z. The crude product of

(2,6-Bis(bis(2-ryridylnethyl)am nonmethyl)-4-nmethylp
thola))sywmgms vigs upedBpNP fofk diecisnt siep-e &“hsd@éﬁablierfgowt tV\‘?é used

6- bi s(hydroxynet hyl) - 4- met hyl phenol
W meiﬁgge)ﬁ Ii1(%}1?5\/\/533 chlorinated using thionyl chloride

| n di chl oronmet hane i on 85% yi el d. The product .
S}&)tﬁesbsi of h#BRMBneTHwI,)SMs(cldutoh;dﬂgﬂ)sﬁmheﬂ@&phamotiohe rcﬂiss(ll)ved n

P’Saﬁée aeg%ﬁgt%ghgﬁg%%s &%/thl g&o g&?e glg(2p 1ne? amme and the
triethylamine in 5 mL THF. Addition was performed at 0°C for 1 hour. The final
suspension 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 SiO, 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 to the correct product.
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Synt hesi s of 2, 6-bis(chloronethyl)-4-nethyl phenol: A
suspensi on of the 2, 6-

wher@hsdsdxynet hyl ) - 4- met hyl phenol in 25 nL  PCT/US2006/041104
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X 30 nL). The organic materials were dry filtered and
evapor ated. The residue was chromato graphed in Si Q2

eluting with acetone. This gave 1.71 (70% g of
rmterl al C as an anber solid. FAB: showed the correct

Qj,jg on peak (M+) at 531 g1zg i H NVR agreed to
the eQrreet product. Schenme 1. Sb tOheS|s of h- BPMP
(276- B s( bi s(2- pyri dyl net hy )amnorreth 1) -4-
rrethy OIF In the follp ney nep@rrp preparat|en
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st ratzed hewger2 111 yst at han| sm
[ 'gl te in an gg‘f)us est Ie as OH
3 Scherre Fl | ustrates

Cri bed Exarrpl es 2 on
“"e“ n' mof Lesti ng sARRIBHArki BfiRIUCOUS, LESL
l | e bed in Exanples 4 to 14. “free™ PC Violet Dye

h-BPMP-Zn- PCVtolet complex
“bound" PC Violet Dye

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

tests 2 and 3

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

Complex in Dowanol
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conpl ex h- BPMP-Zn- PCVi ol et conpl ex "bound" PC Vi ol et

Dye Schene 2. Mechani sm of sensing phosphate in an
waoueosEes est sanpl e as described in tests 2 apdI/BSZBEGT41104

2. Preparation and testing of sensor conprising

h- PBMP- Zn- PCVi ol et Conpl ex i n Dowanol Three base
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foﬁb'ged% yS12 Lﬁfdl QR @f T thit tture was added fp =7 solut1on of 2-[4-(2-
roxyet -| - pi perazi nyl | et hanesul fonic acid

hjdrﬁ@ﬁ@yl)rhpmmnoﬂ]eﬁbn@uﬁpmg @1@ (HERESh-ib| Dewaw] jbéaining a

ot bR st Selbou P eichtib o B U b 2
Détvamdtaid prg\%/bcmﬁ) Bk a¥adoRs POLEGolBtidsa Jo 6 gn @i Ry aBer 6.9

exposure Vis spectra were recorded between 400 -

aspgndard with@ min etnewerea YY) ie specyawese regpeded bgtvggen 400 — 900
di fferent phosphate concentrations for the described
evice. TEST 3. Preparation and testing of sensor

conpri si ng h- PBMP-Zn- PCVi ol et Conpl ex in pol ymer

FItt4 iskowsThrgsicdlase of apedtiacaisdiffierest phesphate cconcentr@fomsl for the
Dowanol : ' A) zZnBr (FW145.3), 7.7 ng, 0.053 mmol; B)

dWQBW@:de(VFﬁ\?\#SBO) 28 ng, 0.053 mmol; and C) PCViol et
(FW408.4), 21.5 ng, 0.053 nmol. To an aliquot of 0.6

TEBT‘)@ A pigsaraffiednd- t@stl'ﬂg of Rnlwl b iRy WPBMH-ZaPCViolet
To this mxture was added 1.8 niL of 20% pMVA/ pHENVA

CompBi in polpowanwirizand 3 % by wei ght of
di cycl ohexyl am ne obtai ning a greeni sh-blue col ored

TRy P GRS O TR At A
nig, DJO5B Mk 83 $-BPMPUF WiE30028) mys @.653 hmlcdbmu}eC) PCViolet (FW
408.4), 21.5 mg, 0.053 mmol. To an aliquot of 0.6 mL of A was added 0.6 mL of B
followed by 0.6 mL of C. To this mixture was added 1.8 mL of 20% pMMA/pHEMA
(1:3) in Dowanol and 3 % by weight of dicyclohexylamine obtaining a greenish-blue
colored solution. A 5 x 10 cm polycarbonate 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 using 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 polycarbonate 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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solution. The above coated sheet was air-dried for 2 h
and exposed to the aqueous PO4 3 solution at pH=6.9
Waigi0ngs@63 wat er pH=6.9 as standard with 3 to SP@I/IS2006/041104
exposure. Filmreading was done using an OQcean Optics
spect r ophot onet er between 400 -\Msz_oo in a 45 or 90
angl e using pol ycarbonate over ite paper as .
bagkground FIG 5 shg'\l\%o tég jgcal set of SpGCt@%@%QpMOWO%
dlfferent phosphﬁ:be cOREERE b'Idons fq %*Phe ]gescrl bed*
c 6 s al Lbration curve for .
S 125\4 c%e*?u ce Hpbt ai ﬁg%ﬁ bﬁﬂ otting absorban (%gé%él}lPMomO‘m
650 nm as a functl on Mxﬂyf}sfhmmame concentration. (C +
e) 2PMb 12040 ' "het er op8®rypigci d" + 1+ dyeHi 2+A|33 PO
12(MoO 3) - - H3PMo 1204 (ClyG HPM 12040 2" )sPM012040
Mol ybdophosphate + COml eX (dye ) 3PMb 12040 3- Schene
Sheive 8 hisferlsmisod ofsmsing @hpiphspliaihe agiecds tBOsRMIS ot 8&kribed in
s described in tests 4 to 14. TEST 4.
tﬁ?n%g’rh ‘ion and testing of sensor conprising Azure C
and nol ybdate salt in water: viol et t o- bl ue %ce};ftloné.j
u .
e 6. o R ey el o @ sal

watejuviokedteblveepactiani ons. A 2 L sol uti on of 0.05 M
TsOH was m xed with 0.25 nL of 0.068 Mammnl um

[ I u C :
IR L RS R bt 8 AR Sy s
111aniniaiommi3 alaked ac tbg@irte coredditidds 5 AN m@f sodGUROMS0.05 M TsOH

les o S hte t different concentrations was
R a7 EREuR oA srmouimmebbgee srtinraiowed by 0.1
mMeGAT A8dte C solution (10 mg in 10 mL water, Aldrich 242187) in a l-cm
disposable cuvette. About 0.5 mL of aqueous samples of phosphate at different

concentrations was added to the above solution. UV-Vis spectra were recorded
between 400 — 900 nm.

F1G. 7 shows a typical set of spectra at different phosphate concentrations for the
described device. FIG. 8 shows the calibration curve for the described device

obtained by plotting absorbances at 650 nm as a function of phosphate concentration.

TEST 5. Preparation and testing of sensor comprising Azure B and molybdate salt in

water: violet-to-blue reaction.

p-Toluenesulfonic acid (TsOH), ammonium molybdate and Azure B were dissolved
in DI (deionized) water at required concentrations. A 2 mL solution of 0.05 M TsOH
was mixed with 0.25 mL of 0.068 M ammonium molybdate solution followed by 0.1
mL of Azure B solution (4 mg in 10 mL water, Aldrich 227935) in a 1-cm disposable
cuvette. About 0.5 mL of équeous samples of phosphate at different concentrations
were added to the above solution. UV-Vis spectra were recorded between 400 — 900

nm.
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between 400 - 900 run. FIG 7 shows a typical set of

spectra at different phosphate concentrations for the
waele®enslaesl device. FIG 8 shows the calibrati oPCTUS2086/041104

for the described device obtained by plotting

absor bances at 650 nmas a function of phosphate
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wient §dsiedtte thaabome seleti®dh. WoiVe Vi spsctka/edrel recdted bleiveai 26m)- 900
ter at required concentrations. A 2 nL solution of
.5 MTsOH was nixed with 0.25 nL of 0.068 M anmoni um
nol ybdate solution followed by 0.1 nL of Azure B

FH@! 10 ishows hentulibratib dticveMddrethe ddsehitieie?Ré%tRinkd b plotting
1-cm di 56302 ble cuvette. About 0.5 nL of aqueous
asg e @0 §H8§}§r?aﬁu§0tw ofihpenhaietcopesngiation.at i ons wer e

added to the above solution. UV-Vis spectra were
TEST07.dette pRLIRE And @ting FPXeh @R b0

cal i br ati%ﬁ curve for the gescrﬁog{ggisgé\/llgggl }gﬁtdaﬁ% %3@1%? and
melybdetersglt bwateh dMeeto-dolebi&@ctim. as a function of :

phosphat e concentration. TEST 7. Preparation and

poTSRpO Bhic B3 RIS CT s B, PR o7 e oyl ¢ elvired
concentrations. A 0.1 mL of 0.0068 M ammonium molybdate solution (in 0.154 M
TsOH) was mixed with 0.1 mL of 0.178 mM BCB solution (Aldrich 858374) (in
0.166 M TsOH) in a 1-cm disposable cuvette. About 2 mL of aqueous samples of
phosphate at different concentrations were added to the above solution. UV-Vis

spectra were recorded between 400 — 900 nm.

FIG. 11 shows the calibration curve for the described device obtained by plotting

absorbances at 622 nm as a function of phosphate concentration.

TEST 8. Preparation and testing of sensor comprising Azure B and molybdate salt in

water: low concentration range calibration.

A 20 ml orthophosphate sample (containing 0 to 800 ppb phosphate as PO4) was
placed in a 2-inch cuvette, whose optical path length was 2.43 ¢m. Then 0.914 g
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UGS 140 0 995 L. cohPeBIS TN EHEBRP Qhﬁarmﬂwﬂﬁap&sphate
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In a osab e cuv
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solution. WV-Vis spectrumwas recorded between 400

-2 %@%ﬁ&ﬁ % ﬁ%l b[rh%tlll ho%h' I\)/hosl\gﬁ e concentragon in hthe sample was

determlned 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 contaminants 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 solution 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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standard sol utions prepared froman ACS grade

tri sodi um phosphate, which were standardi zed with Hach
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unknown phosphate concentration in the sanple was

determined to be 1.45 ppm This value agreed with 1.47
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devi ce xposed to about 50 nL of aqueous sanples
pgqeraﬁag\é%;qsiaglfgrggq ous concentrations by spotting
onto the filmsurface. The liquid sanple was renoved 2
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equi pped with a fiber-optic probe. The probe was
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Pol. ycar honat e over white paper was used as background.
mﬁfy at’féggﬂ’o%\gdé{m@ﬁ/’&iagﬁ‘l- set of spectra at different

phosphat e concentrations for the described device.
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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 device was exposed to about 20
nL of aqueous 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 sensor device
response was measured using a spectrophotometer equipped 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.
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Mal achite Green (8 ng), TsOH (105 ng) and 0. 050 nL of

0. 51 M ammoni um nol ybdate solution were mxed in 2.5 g
WQOMTPHERA sol uti on. The sensor device was prepar/Es20be041104
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reparation and testing of sensor comprising 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 pL of a 0.64 M (NH4)6(M070,4).H,0O
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 film thickness was between 5 and 20 microns. The device was exposed to

about 50 pL of aqueous samples of phosphate at various concentrations. Exposure
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paper was used as background. FIG 17 shows a typica
set of spectra at different phosphate concentrations

w0 ooo70bedlescri bed device. FIG 18 shows the PCT/US2006/041104
calibration curve for the described device obtained by
plotting absorbances at 650 nm as a function of
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surface The sensor device response was neasured using

AL B e S e
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at dlfferent phosphat e concentratlons
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sensor conpr|3|n2§BaS|c Bl ue and nol ybdate salt in
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at 700C for 5 mnutes. The sensor was then stored
reshensgarliheaievicogips placed in a dark room on a flat surface. The sensor 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 have been demonstrated with similar results. Polycarbonate was used as

background.

FIG. 21 shows a typical set of spectra at different phosphate concentrations for the
described 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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tenperature and anbient humdity over a period of 11
days. The final filmthickness was between 5 and 20
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acid. After stirring for 1 hour, 200 ng
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sensor film.
EXAMPLE 3. MAGNESIUM SENSOR

Chemical mixture preparation: To a 10.0 g solution of 20% pHEMA (MW 300,000)
in»ﬂl-methoxy—Z-propanol (Dowanol PM), was added 50 mg Xylidyl Blue 1, sodium
salt and 300 mg tetrabutylammonium bromide (TBAB). After stirring for 1 hour, 500
mg of a 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(aminoethylether)-N,N,N’ N’-
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was neasured using an CceanOptics spectrophot oneter

equi pped with a fiber-optic probe. The probe was
wo@eioensEd at a 90 with respect to the sensor fPECHUFI0G/041104

23 shows a typical set of spectra at different

nol ybdat e concentrations for the described sensor
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ypi M onse curve for the described
@MP@# (N ENEORCALCl UM 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 III
and 200 mg para-toluenesulfonic acid. The mixture was stirred at room temperature
for 1 hour, before 60 mg tridocecylmethylammonium chloride (TDMAC) was added.

The mixture was stirred at room temperature until all solids were dissolved (minimum

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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Chem cal m xture preparation: To a 10.0 g solution of
20% pHEMA (MW 300, 000) in | -nmethoxy-2-propanol
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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 (Dowanol PM), was added 8 mg Brilliant Green, 120 mg
tetrabutylammonium bromide (TBAB), and 36 mg potassium phosphate, monobasic
(KH,PO,) 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 mixture 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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Table 2. Polymer solution composition

Spot # TsOH (%) PHEMA = 10%
0.08 BCG =0.1%
0.16 CTAMB = 0.2%
0.32
0.40
0.48
0.64

NN I DO
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Tabl e 2. Polynmer solution conposition Spot# TsOH (%
PHEMA = 10% 1 0.08 BCG = 0.1% 2 0.16 CTAMB = 0.2% 3
wW@282/08463 40 5 0.48 6 0. 64EXAVMPLE 9. CHLORI NE BENMBCR06/6M1104
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and echui va{ & Eaic,ne(af the di scl osure herein disclosed may
SHRYSF 085%& ons skilled in the art using no nore than

routi ne experinentation, and all such nodifications '
Waiild thedischkantins deen ilkirstvddnd dedeabed trhiypical embodiments, it is

nbt intended to be limited to the details shown, since various modiﬁcations and
substitutions can be made without departing in any way from the spirit of the present
disclosure. As such, further modifications and equivalenfs of the disclosure herein
disclosed may occur to persons skilled in the art using no mofe than routine
experimentation, and all such modifications and equivalents are believed to be within

the scope of the disclosure as defined by the following claims.

What is claimed is:
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t he scope of the disclosure as defined by the

followng clains. What is clained is:CLAIMS 1. A
woredohosh46d quantitatively measuring the concenPCHUSZING/041104

of a chem cal species in a sanple solution with a

sensor film said nmethod conprising: contacting said

e Wth a self-contained sensor film neasuring a

change in an optical property of said self-contained

sensor film produced by contacting said sanple with

lsai d & Elethoximﬁ(alame‘.dtlwyl Hmasurmgdh@ osheenfration ofal chefidal §fecies

i ca ropert a oncentration. 2. The
4B B eGPloPh AR epped Lnseifmebinsomprioma | <
sel f-contai ned such that it does not need auxiliary

comtadin saidxabplelwith Aeelfichifatned BBASHE Ryt Ne concentration
of t he chemical species and wherein the opti cal

s onse is ip the W, visible, or near-IR spectral

HFhanse 1y ap Qﬂﬁ’éﬁrgéfop?ﬁ}b?ﬁ saghsel foeonfrenedyseoamyilingiroduced
b? c&haai;h% daftl @it bin SGALLEL ﬁl%?]eg Qeerlssﬁhhi escat tering,

absor ption, nescence i 1 scence
lifetime or polarlzatlon state and said converting is

cieHing seiil an@;m@tlaalqmbpdmyab isaid cotiden@ratigh. The met hod
accordi ng to claim1 wherein sensor filmis prepared

by c lastic surface w thin [ ayer
2o / a?g e ca &l ﬁ ﬁ) eﬁama;ch: Sousar fl@% §§f— gtained Flmh that it
déeavtion gead hﬂlﬁ&?&éﬁgebt@tdﬂ%ﬁié the ARGo 2Reddh G RE §onc%ntr'c;m)% of the

met.haod of claim1, further conprising preparin
CIW‘HF gSQFCIE%ﬁ%‘bWhFFeFT}ﬁhﬁ’dWlﬁ@ rgsprneeric al thcdﬁr]ziomsthle; ror near-IR

R changes its tical

SHRORR eipv ) BHEROh Ao SORARE Bomiirinbal Binge in lasti

scatiening walwplie ssattaringp rabarrﬁu@ig phshiAgs iR fntbdEitl,0 lﬁ}mnescence
unt of the sanp g{e solution. 5. The net hod of

hffe*lmlerﬂr Polgtiza arjzatien, Ftat’e(ﬂ%qua CRRVRRIRg jp pp,rgdqcﬁ-:é heangawelibration

cfe.the filmat a wavel ength near the nmaxi mum
absorbance peak (I max) of the indicator using optical
scanm ng equi pmrent; and quantifying the concentration
3.0f t e Babad @QCFOT@BE@P elgin Wheeels aepbefiknliuprepared 5y B@atmg a

, d.f t h
ISR IRRIRIE TR R AR waEER o o i
filohlavingad thtckmpssietweon 18d66 Q0inkictdns.

4. The method of claim 1, further comprising preparing a hydrogel sensor film
having a chemical composition comprising an indicator that changes its optical
properties upon being exposed to the chemical species in the sample solution and

exposing the film to a fixed amount of the sample solution.

5. The method of claim 4, further comprising measuring the absorbance of the
film at a wavelength near the maximum absorbance peak (Amax) of the indicator
using optical scanning equipment; and quantifying the concentration of the chemical
species in the sample solution using the average absorbance measured from the sensor
film.
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hydrogel filns conprises an organic salt or surfactant

and an acid. 7. The nethod according to claimb5
wob@reses he sensor conprises at | east one PCT/US2006/041104

anal yte-specific reagent conprising a nolybdate salt

and a dye and a pH-nodifer conprising at |east one

sul f oy j : relin 0 claimb5 i

her o s paod acqbraifafo BERT SRR oMl PoBnipihnciided in he

yidtagebfjinfsoromipriyesan organipailt oheirfae@nt dddemi i cat or and

a quat ernary ammoni um quaternary phosphoni um

uat gknary, i m dazol i ym . quat ernary pyridium
ﬁuat gfrrhﬁa ?}h%@q PF‘iﬂfﬁ?laf%’ #P (FAM o WhGEST: theasapser ¢omenisesrad east one
whigtesipacitib e SRRAE @ it ni um -
St o nary Shant EoRPALER SbLpuaL S SUJ gy ph-modificr

CHURTIERg at pagi wne dilfonic egidt er nany pyrrolidi nium or
quaternary sulfoniumsalt is substantially higher that

t he i,.chy [ nt required to.on pair the )

% i e ot QRIS Z R S SRS Bkl smmmBiieschin the

hyde gelo fimnby abirmingOin quRtREMBEWBATME | MR tand 2 quaternary
uat er nar hosphoni um salt, quaternary im dazoll u?n

a%'ﬂ‘?ﬂ“é‘i"’i‘ra‘i tesDary hgFRhog v, erateRATY Jiniderolitini quatermary pyridium,
Gateingh £.ani ' .5-1000 .t i,mes .

qgr eat e}?ﬁﬁ({;ﬂlﬁﬂé{u@? o E ﬁgén%{n%fﬁc&é%% 101, Syersiy dhe epnepniration of

qi3tenaryt ammoniom, Thatemetshptsploaium) mtdr@aryliﬁidmz&imﬁ,ecgﬁ'te@nary
%Hcﬁ i_ndi cat or is pH mdified in the h}/dr_ogel filmby

PUSTHE &4° S’é‘}_aé}ys@ﬁgoé‘tdgauﬁlr O TR b FY ! femigl salf iy substantially

higibi 2 e 8iionRlas RRORGoitie to FRIRERME bfaghd_and
phenol , wherein the concentration the acidis

~subst anti al qu hi gher that the stoichionetric anount

9t equitheanathpd agropding te rdaiinndivdeerein. the kondentratied fod druaternary

i t j 2l n the sensor filmis
“AEPRLEL 3, Gusto ARl it s ERRE pmuEhstire auatemary
pgehen; quatembhy pyabidmamsosr fidiehay SRGARSKN WAk SERBOE 5-1000
tifle|$2 ta @grdne s sensor film a calcium sensor film a
WS} greptet Dan sigrchiqmetric apountg zglativerty thesindisatori | m  and a
chl orine sensor film 12. The nethod according to
161 ai Thelmeihod &icorbiix rs § ' s r.
filmprepared by agdt?%%%rso%l%ﬁdo%gl %Péték;%,ap}ggogﬁe in the
hydgpach film; hyhsing parasid sﬁ?ecgmldfrmg ik Igorupptosisting a2 eulifddic acid,

- ; i i,d ' . . .
B e ——————
subeptiully drighee that ehepsttidbiomhatric BaRuRBLG e ALG0A gjﬁiﬁ]ﬂletiﬁdicator.

claim1l wherein the sensor filmis a nagnesi
11. The method according to claim 5 wherein the sensor film is selected from the
group consisting of a phosphate sensor, a molybdate sensor film, a magnesium sensor
film, a hardness sensor film, a calcium sensor film, a sulfite sensor film, an alkalinity

sensor film, and a chlorine sensor film.

12. The method according to claim 1 wherein the sensor film is a molybdate
sensor film prepared by adding Bromopyrogallol Red, calcium sensor film prepared
by adding  Chlorophosphonazo  III, para-toluenesulfonic  acid  and
benzyldimethyltetradecylammonium chloride (Zephiramine) to pHEMA.
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sensor filmprepared by adding Xylidyl Blue 1, sodium
salt and tetrabutyl anmoni um brom de ( TBAB)
wooloyestayd eni m ne, et hyl ene PCT/US2006/041104
gl ycol -bi s(am noethyl ether)- N N N ,N -tetraacetic
acid, tetrasodiumsalt (EGTA-Nad) to pHEMA. 14. The
13718t HRd RGAO dLdaihf | Mith 1 WHIRER o LAROP EHOR { blafihéstum
a hardness sensor Tilm prepared by addi ng oxazine,
serisbf Aith Fb_&paﬁ:gchy addimphEpld yilhahesodoyaslhand ehpbeyiammaneum
or._inoline dye, tal . salt and | yal kyl eni. i ne t
broidhn, (EAB)The ROSHOBISREdFdl FEP LB ol SYsr D et fvicthed
N, RAPSQY_tchdahdBib S0ifl, 1Rh30A5IRA Salt GRYTA INB4PTo SHIERMA.e sensor

I M prepared by an oxazi ne, thiazine, ‘azo,

tri phenyl met hane, cyani ne, carbocyani ne or .inolinpe
14dy e The mefhddoaricordiieg ), clpimok prein thgesersor é‘limﬂa Rypardnesscgegsor
or and nol and a quaternary a ni r :
e A T R
cafbEindlirihslie dyEahetansiltanid Potiangldniminedo pEEMANI um
faltltp pHExﬁ (MW 300, 000). 16. The net hod accordi ng
oclaiml erein the sensor filmis a sulfite se
15¢ i | fhhsrmpthpd doeprdingdiongjaim il Whemsm HeaSRsg Hym 15 a molybdate,
' ' 1BABhe! RiapideMYo, &ibherdylfeth
el Sy e Siopel B, Eharmetone
cyaniab) erbovyasiea vorindlidendys; epaifodichyciddrlionphawd aeid, ewbaxylic
oxazine, thiazine, azo, triphenyl nethan i.ne
acadaw&gféﬁmﬁ@néﬁ FURBTIRY {5 i) hos DAY puatermary
PG RSatéRas) HBLHiNGA! Ghdtedins, Beiosliuf, lonsuforium salt to
phosphat'e sensor” filmprepared with at |east one
pHEMIA/MEWsHEG00).c reagent conprising a netal conpl ex
and a dye, a pH-nodifier conprising at |east one

1 6?_ ul fﬁh I(e&lrer@?ﬁ %acoq@ﬁgra[g dSast \ﬂ%ﬁﬁﬂ] Y ALROFIS RO4 L8lfike sensor

9. TI acc ing to claim1l wherein the sensor

filid pipired by iding Byilians €rear arkdi tetmabutydpamedivpy bromide (TBAB) to

overcoating a filmcontai ning a oxazi ne, thiazine,
P%EM,A.-t ri phenyl met hane, cyani ne, carbocyani ne or

inoline dye, a quaternary anmmonium quaternary
1PhOSPROREMBY aEAYIRE NG ChiRI WherSinUhe sétidat BInd & ¥ chlorine sensor

pyrrolidinium quaternary imdazolium or sulfoniu
filgalrtrepasedd by adding Nafios pleate oxarine, RigzHEnSRAPt W@%@@ﬁ%ﬁne»

cxghlsl AN ShhOS: AURAEEAARHHANIRY Um - quat er nary

18.  The method according to claim 1 wherein the sensor film is a phosphate
sensor film prepared with at least one analyte-specific reagent comprising a metal
complex and a dye, a pH-modifier comprising at least one sulfonic acid, and at least

one non-aqueous solvent.

19.  The method according to claim 1 wherein the sensor film is a two-layer sensor
film prepared by overcoating a film containing a oxazine, thiazine, azo,
triphenylmethane, cyanine, carbocyanine or inoline dye, a quaternary ammonium,
quaternary phosphonium, quaternary pyridinium, quaternary pyrrolidinium,

quaternary imidazolium, or sulfonium salt, and a metal phosphate salt in pHEMA
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quaternary pyridinium quaternary pyrrolidinium

guaternary imdazolium or sulfoniumsalt , and netal
wEb@sphrse salt in pHEMA. 20. The net hod accorPCTnyS1006/041104

claim1 further conprising adding a polyner additive

during the fornation of the hydrogel sensor film said

addi ti ve fon for creation of a sensor f|hﬁ1for

§u?e€ﬂ’é “bfco% 151 ABatCERry PREIQRLRo GUEETBR PRGSRbgRium,

qEhteiayL ﬁ\ﬁﬁmhﬂl t BatSBASO pykioliflidiin 2 @ﬂt&ﬁweuﬁﬁawum or
f|In1and a pol yrer super acid additive such” as

salfiehivmesalt pdidaetdt phasplatg salf @-pHEMA.
[(I,3-D hydro-3, 3- dinethyl-l-propyl 2H i ndol - 2-yl i dene

2% DA BB iR UL REBR s g & obmer

a&ﬁtlvé\dﬁi&ﬁ@ﬂﬁ fofmatoardfith@hydtepsl seRRS Wllighid B&itive being Nafion
concentration of a chem cal ecies in a sanple
fargrrention:pt giserson fin doransasyrepten géﬁ@bkonﬂm m said method
conprising: preparing a plurality of hydrogel sensor

off 11 eyt h&f@&gﬁin% Q! daitPT WARkeiP HRAR g&&f i ik Iaechlorme sensor

ultra-violet, visible or near-in rare spectral range
filipoamdbre polymex pwedtcldoackihe/ecsme}nas Alafopemdebe imlicdher is 2-[2-[3-

BB Bl oA oL e Qb erry pghenoRy-1-
cHEIORIReRES ﬂ’etmfiygfm'wﬁﬁ&hyl ﬂpﬁ;b&ﬁmaﬁ{ erdfBraft aci d;

varying t e acid concentration’in each of the
glurallt of filns by a predeterm ned pattern;
22x po# mgthod of mupmiiativslysmeaseagse denncensfation of gaph@msal species

R TESSH A APl LR

i ndi cator using optical scanning equi pnent; and
px:ﬁpanng fplurglity fo¢ hydrogelrsensar ifibms dHat chenge Hiesit qaica]spxepereysm the

| e sol ution,usi t he aver.age absorbance
olftiffee 3 Rl B i MG e, o PR to i chemical
sPeefRr f ABe tsanleAishluden, ML 1tBE Natipfe S6REBH, fWHefBn ah€ chemical
alkallnltgbsensor filnms and wherein the concentration

corppesiiien pededHa the hydrpgsl ifidgs cchmprissses pHdodicatar, raatuiraptant, and
a%%& .is about 0.8 wt%relative to dry pHEMA
ydtogel ), and theconcentration of acid in the film
havi ng the hi ghest concentration of acid is about 35
vantyRhgr e atcids eortcontelitipn pikifeaBh of the plurality of films by a predetermined

pattern;
exposing the films to a fixed amount of the sample solution;

measuring the absorbance of the films at a wavelength near the maximum absorbance

peak of the indicator using optical scanning equipment; and

quantifying the concentration of the chemical species in the sample solution using the

average absorbance measured from the sensor films.

23.  The method according to claim 22 wherein the sensor films are alkalinity

sensor films and wherein the concentration of acid in the film having the lowest

concentration of acid is about 0.8 wt% relative to dry pHEMA (hydrogel), and the
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24. A self-contained sensor conprising: at |east one

anal yte-specific reagent conprising a nolybdate salt
wapa7asdye; and a pH-nodifier conprising at | eBST/USNE6/041104

sul fonic acid. 25. The self-contained sensor of claim

24, wherein said dye conprises at | east one fromthe

cofra et G e K dauEane WS epnesH B BRG S dbout 35
uk%ﬁ%ﬁﬁﬁeuﬁﬁ Fﬁgdgelf cont ai ned sensor of claim 24

further conp |S|ng at | east one additive fromthe
oup consisting of polyethylene glycols,
gol y prspfydontainagl sppesir sompusinsxyet hyl ene al kyl et hers,
ponV|nyI al cohol s, and any conbi nati ons thereof. 27.

at ltégst e ana gﬁ @ﬁgfeﬁg&ﬁ%m 1t131ﬁ Q'rr%lélﬁ" a%éj aagtrb?leas e; and

'sin anc rconprisin one
from the group consisting of oxalic acids, sulfonic
apti-aisdifiex adrapsing stubdso omd edfoneradidany conbi nat i ons
thereof. 28. The self cont ai ned sensor of claim 27,

erejin id si ncer, and said nodi fer are
2 ke siF pons o et o D 258 heiety SuBiyE BmpSien dlfast one
28NS gr&fét; &Jn@isﬂhg-éf afd el edxaSRBRINES ithidzife ﬁ?és\{ ffﬁihenylmethane
matri X The sel f-contai ned sensor of claim 2

dma@mm@lmmﬁﬂmmﬁt ri x conprises at |east one
hydrogel fromthe group consisting of

2@.0| yﬁ‘ﬂ? gél? é&?hﬁ%h ;s;’%fspxgg é’ﬂu ?@ '}ijrthe)r/ lclorcr:lpnsm% S least one additive

acr acr

ﬁﬁﬁi yﬂlﬁetghﬁlpf ydonsiseeg dsf , pquaéthfs(l@iw celyydls,metobacspyilatee)glycols,
p0| y(e\é{%ayl%ar#‘co %lfss?ﬁs h ¥ ﬁt)%%agg ég)}( Iccgjmbl)natlons thereof.
pon(N N-dlnethylaninopropyl N -acryl am de),

20! y (TRE R¥IERBRtalH NRAJor oTAUHiIMME P Fr@R? | défprisin g a signal enhancer
poly(acryl ates), polysaccharides, poly(viny

prmng dbredst one dm@mﬁhﬁ gmelpscomeh@fof oxalic Acids, sulfonic acids,

ai ned Qs t.e.sen onprising:at |east
o%%tesa ﬁl aéess%%cu c&rr%énauo S%S%’?l sing a netal conpl ex

and a dye a pHnodifier conprising at |east one
28ul f @hé celécomtainad der@or b alaim Afewhemeinagid sighalssmh¥eset and said

2. The self ned pho ate sensor of claim 31
Pg@h‘@?&?‘?’i a§"a% Hn‘ﬁ‘gf)g&wé@‘ﬁﬁwrggnpr ises at | east one from

the group consisting of zinc nmetal conpl exes, copper
29.  The self-contained sensor of claim 24, further comprising a polymer matrix.

30.  The self-contained sensor of claim 29, wherein said polymer matrix comprises
at least one hydrogél from the group consisting of poly(hydroxyethylmethacrylates),
poly(methylmethacrylates), poly(acrylic acids), poly(methacrylic acids), poly(glyceryl
methacrylate), poly(vinyl alcohols), poly(ethylene oxides), poly(acrylamides),
poly(N-acrylamides), poly(N,N-dimethylaminopropyl-N'-acrylamide), poly(ethylene
imines), sodium/potassium poly(acrylates), polysaccharides, poly(vinyl pyrrolidone),
and copolymers thereof.

31. A self-contained phosphate sensor comprising:
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nmet al conpl exes, and any conbi nations thereof. 33. The
sel f-cont ai ned phosphate sensor of claim 31, wherein
W@ 200d/080463 conpri ses at | east one from the groupCT/US2006/041104
consi sting of catechol dyes, triphenyl nethane dyes,
t hi azi ne dyes, oxazi ne dyes, anthracene dyes, azo
es, phthal ocyani ne dyes, and any conbi nati ops
R R G P R
claim 31, further conprising a polynmer matrix. 35. The
aH dnodemdr 2bMeEsiRp asRAR bAe @AM acid; aaliai m 34, wherein
said polynmer matrix conprises at |east one hydroge
fromthe group consisting of
ah jagtaRg aeBRYEIoNy SPheeRfacr y| at es) ,
pol ymet hyl met hacryl ates), poly(acrylic acids),
ol y(et.ha | ' | yeeryl . )
B YR el dibtihe Bl ol HERSY, yREGPGY hthomplex
cpoipyifescatyleastiote Syom [ibé \efdpacompisting d€ zjnc metal complexes, copper

L.y(N, Ndi et hyl am npopropyl - N -acryl am de),
“E%PRF%B}HI%U%&@Q Y AYE {naté%éith?ﬁe%t assi um
pol y(acryl ates), pol ysaccharides, poly(vinyl

3pYr I OihedelRbntagied phORHa RASortTARR131, Frereth 48 Qi?é comprises
used in determ ning the concentration of chem ca

at Jeast @sefrom thargper spniistingeot catediol rdyes.ottiphenylmethane dyes,

> I GO bS] el sepn fi QNpLising a
AP TRERLAR AR SRl ATERTRELSHNG. B ay
cqmbirariony thedeof. dazol i um quaternary pyridium

guat ernany pyrrolidinium or quaternary sulfonium

alt,_.and an indicator, dye, pignent. or_reagent and/or
Frs Thpitheenacd RGrsele Shr Rl elaimr 31.qfathep mgRtsng 2
pelyni@agsmg. and/or its conbinations changes its optica
property in the ultra-violet, visible or near-infrared

spectral range upon being exposed to the chemn cal .
38pecilds selfrcomaingd phoswhsts|senson af claimel 3hehestin saidepolymer matrix

C?%]lgmg(%t Olat i .SleLlﬁm) %'ngl Zﬁgd"ritogelt heﬁ'oh drt%gel I#é)ulﬁ)lmu Eﬁ\énsisting of

Ng an ion pair w € quaternarya

palyghgirawayethyihethadiolatas)n p@lyﬁmemﬁ?ﬁﬁethédﬂ?l_dkggp! bblf(acrylic acids),
ternary pyridium quaternany pyrrolidinium. or
ngy thAgrYlC s ckdshi uReIYElYcerihefsthiacyige)e oRobYVingt i @heohols),

n ' b Sy SU tJ.alil v highe -~
R S S e R RIS A O
diethplaingnopropyl-N'-acrylamide), poly(ethylene imines), sodium/potassium

poly(acrylates), polysaccharides, poly(vinyl pyrrolidone), and copolymers thereof.

36. A sensor used in determining the concentration of chemical species in a
sample at trace concentrations, the sensor comprising a hydrogel sensor film
comprising a quaternary ammonium, quaternary phosphonium, quaternary
imidazolium, quaternary pyridium, quaternany pyrrolidinium, or quaternary
sulfonium salt, and an indicator, dye, pigment or reagent and/or its combinations,
wherein the indicator, dye, pigment or reagent and/or its combinations changes its
optical property in the ultra-violet, visible or near-infrared spectral range upon being
exposed to the chemical species in the sample solution, and wherein the indicator is

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

48



WO 2007/050463 PCT/US2006/041104

ammonium, quaternary phosphonium, quaternary imidazolium, quaternary pyridium,
quaternany pyrrolidinium, or quaternary sulfonium salt, wherein the concentration of

quaternary ammonium salt is substantially higher that the stoichiometric amount

required to ion pair formation.
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