METHOD AND APPARATUS FOR MEASURI NG pH OF LOW ALKALI NI TY SOLUTI ONS
BACKGROUND OF THE | NVENTION Field of Invention The present invention

rel ates generally to a systemfor measuring pH, and nore particularly
relates to an i nproved nethod and apparatus for neasuri n%ﬁgH of | ow :
al kal i ni t weolosnizoms by extrapol ating spect r ophot onet r FEVHEHE P Ent s from
a plurality of pHindicator sensors. Description of Related Art A w de
vari ety of systens and net hods have been enpl oyed for pH neasurenent of
wat er systens. For exanple, a glass electrode is ¢ I or pH
measur ement METHROD AND ARBARATEF FARMEAFURING 2 @R &a}g WT{(
Alternatively, it is known that s?ggtﬁ@@ﬂgtomﬁri c techni ques may be used
for pH nmeasurenment. Exenplary systens and nethods for pH neasurenent have
been described in U S. Patent Application Serial No. 11/507,689 filed
August 22, BROEGRAWNDIOR SHEINVENIAONo t he sanme assignee as the present
application, the disclosure of which is hereby incorporated by reference
her ei n. il tf e tri(imor art devices and systens have provi ded usef ul
products, ¥4 A t been entirely satisfactory in providing a fast,
simpl e, and accurate neasurenment of low alkalinity water sanples in a

rel ativel yTisd prkent amdntior relptes @@@r§1lmﬁe%’5@$ef06fm?aﬁ‘g“@h8ﬁ1 g‘?ﬁg&?m

associ ated wi.th peasuring pH i nd OfoH the@BFink SHH BAlow

pertur batiW“?“rllar%e?aﬁ Jeed %fglvr?b%\é&gﬁ(%dn%#yﬁhﬁdiocat ors ??to the sanple
sol ution i gkaRktyneghiigisbbe. exthpslaiisg tspoeripbelatseici mippaeBIdS tFHEPs2| ves are
weak aci-ds or bases,. Stated another way, the pH of a weakly buffered
(i.e., | ownlarals ofmH PsicaQf P can be severely perturbed due to the fact
t hat the anobunt of indicator concentration introduced into the sanple is
si gni fi canpedchinfi®] sitRMied 8rtt he quantity of acid or base in the solution.
Prior art attenpts have been made .to m nimze or correct for indicator

i nduced perturbation i.n aqueous ase by: ' fofthe
i ndi cat or 4tWER Va&HTYEf Wteg?s r?%ﬂ?‘ﬁglaﬁ%{ib%%{ % e gse:%lifrf%];Qg;Iﬁei(a%rEﬁc}'eeﬂgroeasi ng
the ratio @bl Bdicaat For adeipld, agldsoelttitodedspiremendy use, foapid MEBjurgbHEr vi ng

i ndi cator induced pH perturbation thrOﬁ%h st epw St"?veil-nqk%aﬁcgﬁw?%ﬁ“ ons, .
- and then ui hethl 4 frbarateryt F4p@ray VEP Yt SUEBEA N the pH of the
sanpl e. Sugh 1Qfor@fic TEAPQES nii®¥he RE&QViod pHUB@EWEmERS ixbmplabudysteiiey ar e

! b _
typically \Péefy I'me consum ng and non-user-frjendly. r ef.or a_strong
need renmai asl frethodn formpi cuadurmeediva ges JsicERTS H’aif'%-rg]c?%"gé?pﬁbaﬁ’%ci se,

accurate, and fas LCIRAL: $0R0b @ ARl ke (58S skre
relativel yg%%&%eﬁﬁgg?’gggﬁgéﬁdQstgsagetri-%@)r& P%“%ﬁﬁ’ o O e (e

| NVENTI ON' Ac@oneisag applicatitn, st disdpmct of which & Hescby esprroseieh e HERFCF or

measuring pH of a low alkalinity sanple solution, conprising the steps of:
eren.

While the prior art devices and systems have provided useful products, they have not
been entirely satisfactory in providing a fast, simple, and accurate measurement of
low alkalinity water samples in a relatively simple and user friendly manner. One of
the challenges associated with me,-asuring pH of low alkalinity solutions is that
perturbation in pH induced by introduction of indicators into the sample solution is
not negligible. This is true because indicators themselves are weak acids or bases.
Stated another way, the pH of a weakly buffered (i.e., low aikalinity) solution can be
severely perturbed due to the fac;:t that the amount of indicator concentration

introduced into the sample is signiﬁéant in relation to the quantity of acid or base in

the solufion.



providing a pH sensor array having a plurality of pHindicator filns, each
said pH indicator filmhaving a different indicator-concentration;

appl yi ng said sensor array to a series. of. pH standar.d saql utian vi ng
fixed and HE9eviE B haysk BP9™ \;‘alrﬂjé%mlzg or corgflfor IecaeL ! QdS‘WE suring a

pH reSpO”%rtln‘BétcﬁﬁﬁQ Pdub BRAse aL 011 ddjusiiag t13f1Ho S8R $RicaASr Bbk: solutio
generating a calll brat I on Bquat ?org jog elaéc IﬁE)}jH ?ndl catlor 1_fl | mt F}lat11 provi des

t he appar ednse pHthesplh of Eh?c&aﬂmﬁesoﬁ)s%ﬁcﬁaﬁlﬂﬁ tesiabn 98 indedter edditiarigithon
equations g t p. r tor film
fromsaid %“[él e‘g&g[%g Eﬁld %%r%g{sgl E{dll%ﬁ’g s Igﬁ %%?“Q%BE% g'%s nsor
array to atelp@vyeaid(@dtdrradﬂlymssmndl élesmlsmgrlmearrmawm@t@m fnmkqﬂsm()ubinaim an

al kalinity ess tha calculatin reI pH val ues
for each ffi ﬁoﬁ’ﬁ tk]?8W@§c%“8€rpp8gﬁ%ﬁ'ﬂ?t%dsc%fy Broat ed’ﬁ‘g%‘gu%?fl e gﬂ% YBH r esponse
using the ragaali @y thidel bodshihlg \Wher @in-isci-Hichitg. phhbwebreak otrohg Inged ndex, f,

Is the calibration equation that qorow des the _apparent pH value as a
function &¥MaRs fopapBmIRYIIGRCtheEanG ST PHdITRELSE BIREHS, 29U 4t aph Efreasur ed

pH respon i &Qrsu}egﬁnr kR 188 diRging9t Qinplds! iMa reuﬂvé@ &B@emas &nd uRl val ue

cal cul ate fromt nmeasured pH fesponse of the fth pHindicator filmand
t he corredpadlyimapreal i brati on equati on; cal cul ating the actual pH
value for the Iow al kalinity sanple sol ution usi ng the extrapol ation

equat i on: guNARY OF THE INVENTION

According to a first aspect, there is provided a method for measuring pH of a low
alkalinity sample solution, comprising the steps of:

providing a pH sensor array having a plurality of pH indicator films, each
said pH indicator film having a different indicator-concentration;

applying said sensor array to a series of pH standard solutions having fixed
and known pH and alkalinity values

simultaneously measuring a pH response for each pH indicator film of said
Sensor array;

generating a calibration equation for each pH indicator film that provides
the apparent pH as a function of said pH response, said calibration equations are
generated using sald pH responses for each pH indicator film from said series of
pH standard solutions;

applying said sensor array to a low alkalinity sampie solution having an
unknown pH and an alkalinity of less than 100 ppm;

calculating preliminary pH values for each film from each corresponding
calibration equation and pH response using the equation: .

pHi=fi(4)
where:
1 is the pH indicator film index,
f; 1s the calibration equation that provides the apparent pH value as a function of
pH response for the i pH indicator film,
Ajis the measured pH response for the i pH indicator film,
pH; is the apparent pH value calculated from the measured pH response of the i

pH indicator film and the corresponding calibration equation;



Z (inh Z(hzi*Ptidi IIRZPIl, Plc,* - IE (In?)in, | ZN where: i is the
i ndex corresponding to each pHindicator; In, is the indicator
concentration of the indicator; pH, the apparent pH val ue cal cul ated from

t he pH response e i,th ator .film t he co oW in
calibration cur ng %‘F%Bgﬁ‘ % uﬁgdﬁgfgﬁﬁlelﬂﬁla@kfﬂﬁ‘ﬂté’ Sa‘ﬂe gft%?&‘%“ﬁlga second
aspect, theheeittpplatvh e@tidnmet hod for measuring pH of a low alkalinity
sanpl e sol ution, conprising the steps of: providing a pH sensor

array having at |east four solid polyner based pH indicator-containing
films, each said pH indicator_fi Izgn@haw ng a different concentration of

phenol red; appl yi ng r‘i’%‘ array to a series of pH standard
sol utions havi ng fixed aﬁgwlgtém‘mmz)@xﬁand al kalinity val ues;

o N

where:

1 1s the index corresponding to each pH indicator;

Iny is the indicator concentration of the i® indicator;

pH; the apparent pH value calculated from the pH response of the i pH indicator
film and the corresponding calibration curve; and

N is number of pH indicators.

According to a second aspect, there is provided a method for measuring pH of a low
alkalinity sample solution, comprising the steps of:

providing a pH sensor array having at least four solid polymer based pH
indjcator-containing films, each said pH indicator film having a different

concentration of phenol red;
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si mul t aneously neasuring a pH response for each pH indicator filmof said
sensor array, generating a calibration equation for each pH
indicator filmthat provides the apparent pH as a function of said pH

response, said cakpplyal said eguctdrelIo A LrigeHLHRLEAILS ' H r.esponses
for each pH i ng' cator_filmfromsaid series o SH s%@n%glr@ﬁésg?ﬁ?g gﬁ%‘?

appl yi ng sai - P%I@Péﬁlkﬂbﬂﬁywwﬁl kalinity sanple solution having an
cal cul ating

unknown pH and ang; LI l.ess t.han 100 n o
prelininary pH Vaflﬁt&é%%éﬂsie%@%gwﬁ%af AB8%Y fgg??@%m%@r@m ofr s#id on
equat i on andsgbbrasgyonse using the equation: 1311)=.1(Al) where: i is the
pH indicator filmindex, f, is the calibration equation that provides the
apparent pH val ueSHETHIR f ERlisHIGK epiativn Spo ped pidrindibetod film it ReWiaad or

HENNER e e S e L N
PH i ndi cat or gdnietatadaning keid qo reppesesliftgenl pIphRtiEAG: BENBohPRid series of
calculaling bhsegsiay Riyal ve Tor the Tow ka1 Serbrs S8Rt on
i hr; N applying said sensor array to a low alkalinity sample solution having an
unknown pH and an atkalinity of less than 100 ppm;
calculating preliminary pH values for each film from each corresponding
calibration equation and pH response using the equation:
PHi=Fi(4)
where:
i is the pH indicator film index,
fi is the calibration equation that provides the apparent pH value as a function of
pH response for the i pH indicator film, :
A;is the measured pH response for the i pH iﬁ;ﬁcator film,
pHi is the apparent pH value calculated from the measured pH response of the i
pH indicator film and the corresponding calibration equation;
calculating the actual pH value for the low alkalinity sample solution using

the extrapolation equation:

Z ifnf) E (in; « pHy)
2 in; Z PH;

{EZ(jf) E;n.' l

pHmk =

where:

i1s the index corresponding to each pH indicato.r;

In; is the indicator concentration of the i™ indicafpr;

pH; the apparent pH value calculated from the pH response of the i pH indicator
film and the corresponding calibration curve; and

N is number of pH indicators.
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where. 1 is the index corresponding to each pHindicator; In, is the

i ndi cator concentration of the ith indicator; pH the apparent pH val ue
calculated fromthe pH response of the ith pHindicator filmand the
correspondi ng calibration curve; and N is nunber of pH indicators. One
of the chal |l enges associated with neasuring pH of |ow alkalinity solutions
is that pering rog #ho @ﬁﬂmeﬁ)asso@a@émhﬁa%é@mgmg ohbow alkplddiyciolngonols that

i ndi cators j e iﬁml ' i ONS 4 S: licgible. As a result, pH
measur enen gmgg% dt?)lem ever@Ie}?/%%?%%?%g%sﬁﬁg&?%ggé’gtqi(l)‘?%g%rﬁc%tﬁtaﬂﬁ%ts%% bei ng
i nt r oduced solntiensas weahdgligihlf.f asedreguilt, @H mbavurealdoal daniteysevaolyyiciaed To neet
this chall enge,,.enbodi nents. of .the present .i.nvention. disgl ose, systens and
met hods poﬁ%‘?qil%ql%‘?rac% _ tions rbﬁﬁpg_co _P?‘écf’ gme BTk h’VﬁJﬁPi M ?’Rﬂcators,
each indi cak@imnitipiuvish. FoGickt s @Rllehdd tinfbabients ONRER AL RRon FACI0SSH S hs
array is caljbrated by applying the sensor array to a sanple solution
having a kASWRCBALS qIRPTisEHs AT ¥ RIS 4 Padist of pil dodieatrt.tasteousl y
recorded, apfaRr G¥ihPh AfrGBnd HMEIbOGCntBion C &hé REAL] QRhyGY Eﬂﬁ)}atéflgy '
generated representing the pH response versus i-ndicator “concentration for
each indic ng drecensaraarranto Osaeple sblubpatheding tehienayenpldr Hrer mypomsgyy t hen

b liedeto | Lni ty san [ ans havi ng. unk H.. Resul t
{rom e piParaLerh PRl o SAMRLESR SR8 A5 Bk AR 1 or at i on

curve, andcafibfativt i agvd)uisctdeneraed. ecpresbititel nkp eflatimpns) veeps eadbiibng t he
pH response frﬂ%m.ea h indicator concentration ig gg%‘ier ated. Fitting .
equat i ons FPEFHEN B 58 F\éig‘? iy, GORGFATANT {PR6 ROPFELihASFISOR HEY Pler cept

poi nt's (i .then boMplicl AticwakREiGENGEM Y Siht@Rs hevise tindw P! Ak R§or i gl nal
(i.e., actual) pH of the unknown sanple. Qher enbodiments of the present

i nvent i on thepHtvalyes fraye caele pbk indigater ayseamiaretht ihetcabbrstiomptve,.gmdxenpl ary
met hods f@fm‘%@ﬁﬁ{fd N9 RH BftinkoWakikah | RtV siab Uil : odi ment s
of the prese |nvgn?€1'o'r’1 angl%i%i aﬁ\%gntggees o%g%lét?ﬂ_z rgr;}%%%ehgrﬁop \%lgggl becone
appar ent upbertere goiaegtratim fioldeosmied d&Fiting eduatessr ipt thom genetatcheardppended
claims with refterence to the acco nyi. dr awi ngs. ,. BRI EF DESCRI PTI ON OF
THE DRAW rﬁ?’%“l’ﬁﬁag?“eg" ﬁ%@“&?;’f}% TR Hoilly (4.1 whe RS ORSRGRE i pH
af ter i nt zedynt ébasin te otifihalufe. pamowl) ;s of the hyikmdwibdaagile Fi 9. 2 depicts a
series of plots showi ng.pH values of different solutions before and after

indi cator addition: Fig. 3 i's a graph.illusbatipg the relationship between
pH measur B bl rpiren ar B e Ragbgeh SrehS akl melfeas) P Dot ween.

and to exemplary methods for measuring pH of low alkalinity solutions. Further -

Zc



Fig. 4 illustrates calibration curves generated on four distinct indicator
concentrations; and Fig. 5 is a graph illustrating a result from an
exenplary |inear extrapolation nmethod of the present invention. DETAILED
DESCRI PTI ON OF | NVENTI ON The present invention describes systens and

met hods conpri sj ng pol ymer fil m based sensor array fopcguiSziobyetaltd
accurately %{’ghhﬁ‘g pH of low alkalinity solutions, for exanple |ow

al kalinity water sanples. It is known that alkalinity or buffer capacity
is one of the basic features of water sanples. Alkalinity is a neasure of

. the ability of a solution ta n l41; LS oveliihe O&@Tartadit Atdomet y nmeans

| ower capac§hbpdimsnts Bfg[#’%?resteﬁtem‘éeﬁg%%%dtl%SEEQ en an gci is added to the
sol ution. Thpuernaeptrealing the foHewam: detrildndssamtios apadat “BAF (H B gni ti on
that in lowalkalinity solutions, perturbation of pHinduced by '
i nt roduct i oWittoRisrer AP PEOPREY PHEPEAMHI e is not negligible. This is true
because indicators thensel ves are weak acids or bases. As a result, pH of
a sol uti on mrREFSESGVRTENY QFeTHEMRAWINGSt 0 t he*fact that the amount of

i ndi cator concentration introduced into the sanple is significant in
relation to the quanti of acid o I I ch@adt yardoud f er ed
(i.e., |ow ng-k]a}siarﬁrt‘laﬁlcaiﬁpﬁ??%oﬁs ﬁﬁ?%@?‘?ﬁr‘giﬁ %)fﬁérg?t%&e!%t is even nore

pr onounced ejn{bug{gloifﬂg,hﬁpgmé; | oaded film To neet this challenge, one aspect
of the present i1nvention describes an extrapol ation process for quickly
and accurately neasuring p f low al kakini ; rhodnd

pref er abl y Higi? dopads a5¢h esi‘gfﬂ?ﬁs SﬁP‘Pﬂﬂtg t‘%%u%%oigﬁ%%e?@g?ﬁr[%scr%nst ructed in
~accor dance ) .etﬁd}éa?radﬂ%ﬁl?t Application Serial No. 11/507,689 earlier

i ncorporated by reference herein. Such sensor array is configured to

conprise a plurality of indicator, portio ea M i r i ndi cat or
concent r at il6gs3 iS@r%@MB‘F%@F’%&@ 2 lﬂ‘égthépeﬁ%%?méﬁ]gl\éﬁ%lgcﬂg%%ﬁttggémém .

spect r ophot i calliy.greasure pH of the sanple, whereby each indicator
provi des a 03?%%4% eg ag %6r bance pH neasurenent sinultaneously. The neasured
pH val ues from each indicator portion are otted vers LihEsyective
i ndi cat or dopclitiustatds GAITARITICEEY S %@PW&W%B% C%Sﬁmffi ’?‘81.";%%? Hh[%%]héa ngliat i on).
representing.the measured pH values is extrapol ated to determne the

i ntercept nts when indicator concentration is zero to obtain the
initial pH (i.e., pHreal) of the sanple. The systens_and neth f the
present i nvEptd sn gapbiiteiratien afsaldrosy & e’iﬁ%ﬁ?ﬁy T SHERS aélgﬂsnée?h:joﬁsot?ead of
trying to \r}hni m z%\gp’H fert urbati ons caused by indicator additions, the
present i nVBhPIEEA BXBI'STts the rel ati onship between pH perturbations from -
different indicator concentrations to calibrate the sensor array, thus
.provi di ng aPRAHIEINBESEREPBANeOFIPBHREICY or det er mi ni ng pH neasur ement s
fromlow al kalinity sanples having unknown pH. As disclosed herein, the
systems and.net hods. of the:nrasantoddayenid armane cpapitiiing hadiymerfim-sui t ed
for qui ckl Snb?nlﬁfe%e@ihn%g?%ﬁy eter m'};lsi ng pH of |ow al kalj ni té s%]kult I.ons.
Measuri ng [dsaf skrawr abdoalfoniquickéolandi sesarately maeasying, PR ofj Jgw gkahmty
perturbations jnduced by, the additjon. ks agi dskRfwmbdsealkighiisadror s
into the soﬂol}{thB%%O‘ég’ﬁgéﬁleanVg/a\ﬂ\ﬁiﬂe&rﬁr‘?%eag%rngl @atsor concentration (which is
typical ly ejfrekaRciieRlnack theashasalirdsf siagmisthplant AlGLRE §d BFEHS t he

quantity of acid or ‘base in.the sanple solutiqgn HES; -
measur ed byofcibr abilimetobre salpdeR 1 JRBTR TSt aecr“,&l‘q' o‘% H“%Eragg%gﬁg%g%agg??gﬁet er.

I n accor dange, y tt@re@ﬂtﬁé%ﬂﬁig@&dpﬂﬂ@ﬁﬁﬂ aenid shddedeo fressbipni nventi on, a pH
sensor array was constructed with a four-filmarray, although it is
e OO o g prsvyorun 1S b B8 e oA ke i FRRaAbA ! rom

rturbation of pH induced by introduction of indicators into the sample 1s

solutions, pe
not negligible. This is true because indicators themselves are weak acids or bases. As

a result, pH of a solution can be severely perturbed due to the fact that the amount of

indicator concentration introduced into the sample is significant in relatiog to the



Each sensor filmcontained a different pH indicator concentration which

w Il be denoted as Ini, In2, In3, and I n4 respectively. For purposes of

t he exanpl es herein, the indicator concentration of each filmranged from
about 0.01 to 10% The solid filns are typically prepared from

wat er - sol i poprbyoers, cellul ose acetate, or Poly 2- H/eBSYH Y021

Met hacryl ate (pHEMA). The indicators may be colorinetric pH indicators,
fluorescent pH indicators, or other suitable pH indicators known or |ater
devel oped in the art. Coloritnetric pH indicators are pLje.f raﬁ!}. sel ected
froma grQupntgs bat iongasefprpkeniolthy weakly peiwrd ed lofhalladrity) g 1%‘i"e, t hynol
bl ue, bronochl or gpheno lue WS : ; addalmmophenol red,

br onocr esﬁhlbﬁﬁ%ﬁ@flo%?%?fgfsh?’ﬁ%poﬁ %g,&%ﬁlrﬁglﬁ 1?%%%8{;lﬁenol pht hal ei n,

o-cresol phthalein, nile blue A thynol phthal ein, bronophenol qtil ue,

met acr esol TPmeqligs chalcaghoheagreaeaf thagrpieht igrrntigh deieribey PTHEPY et |

met hyl green, nethyl violet 2B picric.acid, QlnidSlahPWs S, THERt ani |
yel | ow, badPesy ER?I"@%“H‘?{Y 6‘?\‘?6‘%‘%@6 HE % bge?’fﬁggv{q&%etnﬁ%l al(;l?arsl e, alizarin.
To denonstaléq tppgmggpc&ngs,oﬁutt Rengr gegat o, v eesoD IITARECORSFYC eddiout a
theoretic calculation of pH change (i.e.., pert | . Alkalinity
sol uti ons agerdgnsetwith HeﬁiiptgFe@ﬁA@Pgﬁ‘iﬁé”F éF?ﬂ&R%n]t}Eé:]O?ga%g% g?llﬁ%?gg@\glr'ﬁénat eri al
into a sanple.sol AOR, Asidouabor hayexammiigsredits abopes: hepleiditvarke

i ncl uded t0 derdnstrate t e broad applicabili tuy .of the pr eﬁ—ﬁ%d itkrgeventi on,
it shoul d igicapppertomst exthhyith difewsnigpdisipy JonFRUERANS, 1P FAFPHE ' echni ques
di sclosed in the exanpl.e | SN ncheehpHMEs: dhmployehadbby t he

i nvent or s, 4 iy dS e %eﬁgggﬁi ?%%re t%ncgnsti ‘ute exenpl ar%{ mm(ljes f or
its practigRh ikdvrgirovildsas disatte skidrbanon pHhacaspuemspoTmyltanepus Y-ght® of the
present disclosure reciate th . La-he MadRshdtitde

speci fic emBUuTHRat &2 ﬁﬂma?aéhd?cg‘%: & dné&ﬁ%@%ﬁﬁeﬁ obtain a -Isfl_) ke or
similar regyldonsdiemtaidanant amytiid tmvtidve(isc Gpmgoiuative) rapwsertingihe And t he

calibration and extrapol ati on net hods disclosed herei d to

det er ni ne pehsfed] ni%véuwmﬁﬂlgﬂ%ﬂﬂﬂ %’ée_lwf_teh .%ﬁ’q?‘%e 6%8%&@}%’};@# 2‘? by

col ori et ef ; BBtSE th—@r[iti&l'ljﬂ{)?.%.sﬁﬂméalﬁ(ﬁ&hﬁ seonpbe. €Fhe spstehown i n
Fig. 1, a 8?n§p[ﬁﬁglg{%ﬁ%ﬁjst rat i'oﬁ_ shows how changes, i r\]’fﬂﬁf Itha(;?eoegae%i zed
after intradlatthods dithapricotinvearionmreyids adv AT o5 OYTHPE YRS € Ut i on.
The results of ' Fi.g. .1 |ndicate ABHAR! dadsddHby indcatorpddditival, the pH
measur ed) H”é@&%gq‘gf%g %é[ﬁgﬁzgcl %Itgiz&ﬁ W tﬁ i ncreasi%g addi tjons. ?f i, ndi cat or
concent r at F@@eﬂt Riv@ntitre cgibit ihoelafirishipr eabwean PIE PRyTbHiqns | fipo ALt ¢ hat
weakly buftered (i.e., l.ow al kal.init - tJ-Q0S ukRN,BEidseVerRbdinper t ur bed
by i ndi cat WIC&HHi‘EqI‘BWa“WStﬁO (?%hl%r%ﬁu% S?@%ogr ente tor%i g. ﬁl% theoretic

cal cul at i oR.af RHRART falde@ANBEFDPIS tnanesmetiafrorhw aleliniyHemeleRal i nity
is, the bigger the delta pHis. Therefore, we can draw the concl usion that
with nore Aadbg B@own pHndi cator, and with lower alkalinity, the greater

- the pH of the solution will be changed or perturbed. To prove this

concl usi 0N, e, FREFMGERGHS sfstérsd ardxpahodyeii thel presahi ishentios erdipagicsarly00 ppm

carbonate buffers were I nplenmented, and the Y e |1 €

sol utions wed witad fereaniddy Gind A&k %?WP%EFO%I fé&’d%{l@g{ﬁ%_ S%E%gigﬁft s from
this first exper] 1SN0 sbiltidiisds ndd-triAsl dulewpertusbdfiogs indyced byer i es of
plots ill uﬁ?ag%nsgr@ﬂgglg%es owgi ff_ler.sesﬁftl sol utions. measur.e@bbgf one and
after indi cit aididehdoft werksacidawreehso idigiEse e 4if 1o8Itopy CIPECARH NPt "t hat

when 20 ppm phenol red (acjd.form... afgedydaR abiaer et id @enifidadneinpH
nmeasur errentm‘g?qt‘(},frﬁopﬁleng ticl”ne(a“éq]é%]. 1S§%m§ “al'so il | tjlslt_ralit esd)lt hat .a gr.adual
decrease ofhfigh PHhWRGa0RE ef ueid adaschin thersunple splupeie T3T TREPSE Ay dised from

0 ppm (di anond points) .to 100 m%s ua i Ry e phenol red 100
ppm was addepsuredy WPW&E%PB%‘%W %‘g%ﬁ{’ §re§‘?dr%ts°§astﬁggmﬁiaby Fig..2, with 100
ppm phenol red added, solutions with pH higher than about 8.0 becane
essent i al | i, i;glirsdnc GHihsdnableaplddasatiodimetihefsbe present tiavention, BfA e Selppar ent

that a correction on delta pH induced by indi cator LbL @RSt e & be
account ed fasiey s SBRETUGtedHEL Etfﬁ‘grﬁﬁ‘l—?rf%HafrﬁgoéJ%?tﬁolfS @ﬁ%@%@uti on.

Accor di ngl yi.. W, SQREHCieskea wiRkanderaker frareniic fcops hbthet jratenaimvention.
extrapol ation nethod may be useful to deteimne pH In this second
experinment, two 100 ppm carbonate buffers with original pH of 8.12 and
8.53 were chosen. Indicator phenol red which has a pH response range from
about 6.8 to 8.2 was used. Wien an acid form of phenol red was added
stepwi se to the weakly buffered carbonate solution, a pH neter was used to
nonitor the pH of the solution. As shown in Fig. 3, a linear relationship
of pH nmeasured to the 100 ppmindi cator addition was plotted for each of
the 100 ppm carbonate buffers. The linear functions representing pH



As shown in Fig. 4, a cali bration curve was gener at ed 9 9
1: 5% 2.0% |n§ji cat or concentrations. The pHgvaI ue of 32 Lglli:m\(/\g.ngrrpllé()@
with low alkalinity (less than 100 ppn) was neasured. Fig, 5 is a graph
illustrating results froman exenplary |linear extrapolation nethod of the
_present i nuemib/M60As can be seen fromFig. 5, the int BFEISIOBHHR of the
equation (i.e:, when indicator concentration is zero) is 9.18. Since the

i ntercept point represents pH before indicator additions, our

extrapol ati on net hod denonstrates that the intercept poin f 18 is a
very good BRprexiomdilinocontanthe dfferga pPHNSHOR C@%@“ﬁ?@&sﬁ@@ﬁ ‘15’3 % pH

e e RS BRSO ol B kit 2

sensor arr

array in which each se
fil m cont ajnpgstopcdibédtatienst @kh ﬁnﬂmm'e@fmmoahwr&(}latpula% as | nbln3, angsﬂm '
respectively. Next, an absorbance response was neasured for each pH

iﬁgj\ﬁr a}‘ Ik laﬁle];ﬁlqolg] ser oS 2}3{ ;QH a%cf@tgrﬁ w&t&%hf’é‘)!e Emlfgi‘é/ icB@yI8scf dc¥ed, and

on cur was gener at ed for h
pH sensor §igyR ﬁng:a}dx@@thﬁlanaathm&w @HIEIMA))‘II Tﬂwenth@vusanﬁgf heeqobmimeliep. e?’ﬁe

calibration functions are denoted ft
f
cal cul at i opid isHeArsHBasGCeNR ™ ?fﬁ’k?fo%er ﬂitaﬁn%d 41Cﬁc?l{or?1%1[1(;{)2}?:161;5oot hEahSH

sensor arr
of cal cul a IY s g@%ﬁ@%f@%@?%&@hﬂ@&cmmﬁcﬁ%ﬁ ﬂir@mrﬁ"aabiyfselemed Bom dur poses

own bel ow, these absorbanc I
A3 , and Adrofipr cdnisistimg 1of Pheml mdy aresids t‘i%\F\é/? Pemféafe Ollt ﬁﬁ(ij“r%”aril pH

val ues are, cal l-at e
cquat on ahrienteRsEfel ¥l ES. s ﬁ%‘%éﬁ‘a‘“g%ﬁ“ﬂ“?‘{??ﬁ???ﬁ? o At om

;gglro estent e 1&, blrml:ﬂlottmﬁol(bme) neyHR red \M@)Olplﬁh%el&a apprgyolphy elﬁfﬂl?e-b'flﬁM)
ective d t hat
the al kal i ﬁv fhﬁ)m\? e‘d‘i‘ %%O@h%ﬂgﬁhﬁgsfg#%@ i ‘E&?Yéokﬂa@%cgﬂt% ﬁ&t@ E)l?ﬂ?aﬁﬁ”e a
cal i brati opest apskan dici@l wikibghgrebinwmstyl, wqﬂHt 7B, p:HZlC asidi Baphibel ysHaw W1 | al |
have diffefent val ues if the a}a:ﬁal i Etﬁ o nple is not
equal to t hatandelaye bage fushgp; O}g?eglhd%?%a]sygﬁu‘ﬁm ﬁ g%h é,’\lq‘hnigl step, the
actual pH value for-the unknown sanple is cal cul at ed fromthe a

To demonstrate the concepts of the present invention, we carried out a theoretic '

calculation of pHI change (i.c., perturbation) to low alkalinity solutions due to the
addition of differng amounts of indicator material into a sample solution. Although
the exatiples disclosed herein are included to demonstrate the broad applicability of
the present invention, it should be appreciated by those of skill in the art that the
techniques disclosed in the examples herein represent techniques discovered by the
inventors, and thus can be considered to constitute exemplary modes for its practice.
However, those of skill in the art should, in light of the present disclosure, appreciate
that many cha’ﬁges can be made in the specific embodiments which are disclosed and
still obtain a hke or similar result without departing from the scope of the invention.
And the cahbratlon and extrapolation methods disclosed herein may be used to
determine pH of low alkalinity samples with pH responses measured by colorlmeter

spectrophotonieter, or fluorescent spectrometer.

A shown in ng. 1, a graphical illustration shows how changes in pH are realized after
introduction of various amounts of thymal blue into the solution. The results of Fig. 1
indicate that the delta pH (ie., pH real — pH measured) becomes bigger and bigger

with increasing additions of indicator concentration into the solution. This result
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prelimnary pH values pH, pH2, pH3, an [

al gorithm gi ven bel ow quualtoi on E: \/\ﬂelrm:a:14 \?\(a)sed on the extrapolation
2008/ 137260PCT/ US2008/ 060321 i is the filmindex; In, stands for the

i ndi cator concentration in the film pH, is the appa’rent H val ue

cal cul at egyd soegnaakmor bance of thefilmand the - Th cor PEEEBHAVIE
calibration equation fj; and N is nunber of pHfilns

clearly illustrates that weakly buffered (i.e., low alkalinity) solutions can be severely

perturbed by indicator additions.

With continued reference to Fig. 1, theoretic caleulation of pH perturbation
demonstrates that the lower the alkalinity is, the bigger the delta pH is. Therefore, we
can draw the conclusion that with more addition of indicator, and with lower

alkalinity, the greater the pH of the solution. will be changed or perturbed.

To prove this conclusion, we conducted a first experiment in which a series of 100
ppm carbonate buffers were implemented, and the pH value of different solutions was
measured before and after indicator additions. Results from this first experiment are
shown in Fig. 2. As shown in Fig. 2, a series of plots illustrates pH values of different
solutions measured before and after indicator additions. Based on these results, it is
apparent that when 20 ppm phenol red (acid form) was added to the solution, the pH
measurement slightly decreased. Fig. 2 also illustrates that a gradual decrease of the
pH was observed as the amount of phenol red increased from 0 ppm (diamond points)
to 100 ppm (square points). When more phenol red 100 ppm was added, the pH was
greatly perturbed. As shown by Fig. 2, with 100 ppm phenol red added, solutions
with pH higher than about 8.0 became essentially indistinguishabie. Based on these
results, it became apparent that a correction on delta pH induced by indicator

additions could be accounted for to obtain the actual pH (pl real) of the solution.

Accordingly, we conducted a second experiment to show that an extrapolation method
may be useful to determine pH. In this second experiment, two 100 ppm carbonate
buffers with original pH of 8.12 and 8.53 were chosen. Indicator phenol red which
has a pH response range from about 6.8 to 8.2 was used. When an acid form of
phenol red was added stepwise to the weakly buffered carbonate solution, a pH meter

was used to monitor the pH of the solution.

As shown in Fig. 3, a linear relationship of pH measured to the:‘lOO ppm indicator
addition was plotted for each of the 100 ppm carbonate buffers. The linear functions
representing pH measured from each indicator type were extrapolated when indicator

percentage was zero to obtain the intercept points. As shown in Fig. 3, the intercept



Fig. 5is a graphic illustration of the exenplar [ ' '

Cal cul ations for the results shown in Fig. gpandytﬁétzgffggggggiﬁlgorlthn1
mat hemati ¢ procedure are shown bel ow Equation 2: N= 4, i =1, 2, g3 and 4
Equation 3: Lani)2= 2.02 + 1.52 + 1.02 + 0.52 = 7.5 Equation 4: = 8.38
+ 8.60 + Quolmosishe@0 = 34.73 Equation 5. Eh, = 2.0 + P(ST’HS@"%“G!E” 5 = 5.0
Equation 6: InpH= 2.0 x 8.38 + 1.5 x 8.60+ 1.0 x 8.75 + 0.5 x 9.00 42 91
Equation 7: pH sanple = (34.73 x 7.5 -5.0 X 42.9)1(7.5 x 4 - 5.0 x 5.0) =

9.18 Based on the results descri be above, ' )
t he present
provi des Q)o&yﬁt asmdlpr8.13 and 8.46, represent pH of t]g)e SOIU.?IOIII v@ﬁgnntihé{gatérhus

concentration is zero. In this way, the intercept points represent the original pH of the
solution before indicator additions. It is readily apparent that the intercept points are
very close to the initial pH values, i.c., 8.12 and 8.53, of the carbonate buffers,
respectively. Consequently, our expetiment demonstrates that pH perturbation due to
indicator condition is not negligible when alkalinity 1s very low. Moreover, our
experment demonstrates that the exemplary linear extrapolation techmique of the
present invention is quite useful to obtain the sample’s original pH. The algorithms

used in the exemplary extrapolation technique are described in more detail below.

To correct for changes in pH induced by indicator additions, a calibration curve was
set up using a synthetic cooling standard solution with high enough alkalinity versus
solid pH sensor with a series of indicator concentrations. In this thlrd experiment, the
pH of samples was measured with the same solid pH sensor, and the pH measured for
cach indicator concentration was calculated. The pH measured versus indicator
concentration was then plotted and a fitting equation was generated and extrapolated
when. indicator concentration is zero to obtain the initial pH (ic., pH real) of the

unknown sample.

As shown in Fig. 4, a calibration curve was generated on four (0.5%, 1.0%, 1.5%,
2.0%) indicator concentrations. The pH value of an unknown sample with low

alkalinity (less than 100 ppm) was measured.

Fig; 5 is a graph illustrating results from an exemplary linear extrapolation method of
the present invention. As can be seen from Fig. 5, the intercept point of the equation
(i.e:, when indicator concentration is zero) is 9.18. Since the intercept point
represents pH before indicator additions, our extrapolation method demonstrates that
the intercept point of 9.18 is a very good approximation to the actual pH value 9.07

measured by a pH meter.

In order to achieve the results {llustrated in Figs. 4 and 5, a pH sensor array was
constructed with a four-film array in which each sensor fi Im contained a different pH

mdicator concentration, as In;, Ing, Ins, and Tny respectively. Next, an absorbance



directly measuring the pH of low al kalinity sanples by providing a sensor
array 9 having a plurality of indicator concentrations, and calibrating

t he pH nmeasured of an unknown sanple to the calibration curve generated
froma known sanple to obtain the pH of the unknown sanple. |In accordance
with the pyesefisiéavention, these neasurements are recBYHERYE M aneous! y
inatinely manner to avoid the tedious and | engthy neasul -enents and

cal cul ations involved with stepw se indicator additions. As an exanple, an
exenplary solid fil msensor of the present inventiagon demgnstrated a rapid
response t@sjols warmgekyredidrivachedlibansofdlimigors Bt el PHj SRrdaplHie™ i ve

mnutes for in sjt field). tes As descri bed herein, the systens and
met hods of b@VHg aﬁ%@ﬁéﬁ‘?&%’eﬂ*@%l htyiV%’llfs:l%r porate a solid pol yner-based pH
sensor filmarray conprising a series of different indicator

concent r atij@nsa dBatiGORSVEUedsegnetdal &enech rt sesor dil@pepelctBi® sanpl e

sol ution cont ai ni ng known pH and al kalinity: ] £,f,0m each
i ndi cat or BeHREATToR &Brﬁ’fqvéouéisﬁpt?ﬂlﬁtﬁg‘o@?§£%)1%%?3}E&§mgﬁgd£§§§%? (éj(gd "Next, a

cal i brati of) NG FbrQRrdosesf theCaldubiiahd dowalelos) is generated by plotting
the pH neasired versus each indicator concentration. The calibration curve
thus represents a plot of the pH neasuyed,ver i ngi AGgAL ration.
Next, a filNextngh PREOPNGH crmple Was; @Pﬁ%‘g%eglﬁéjf}fgeﬁﬁségpgjﬁa&gégiﬁ%g each pH .
measur enent, i HeRGLANRh cdthefii t Fémgurpaabl crcilationx sheypobelvwd thes:
determine the | [ ' o, thus

e intercept points when indicator.conc rati,on iLs. zer
obt ai ni ng amsoedsratues madeeaed dn Asf Ay dghs %T %@qupgrn%fan ﬁéesg%%ﬁ%@' bef or e
i ndi cator additions. In this way, the calibration curve represents a
baseline rgfgar gﬂ:ﬁﬁm{#@ﬁ Pliuddhics Rale@Btcheotisal film frahi dcktarrtspendiiscr et e
results froméeach i1 ndicator portion to quickly and s'I>£. expllgit t he
per t ur bat i caliboftiop Hqiatom aid ey c§ yafueat BT gHERR'S f% HOS ¢ 157 5 1 apol ate
the pH of | ow al kal i ni sa S 1 | i'sct Ir endNpH, Be € AL),
i |lustrat e{fpﬁeﬁﬂn%fgs?%ri%%’d i ﬁe‘tkg’pplgyl g@%ﬁpﬁy er%g%gi msntgs, i tﬂ.i s not
i nt ended t pspetikélyi tteid nbedtthe tast aHl wleovnld 3l be thospiedh BeddeiPi®Eat i ons
and substitutions can be made w t hoyt 00 Sddhe scope
and spi ri t vaipe ChEYUTRRE AR B lrléei.wg[g&?ﬁ:eﬁl?g?%ﬁr}? erStgrY%%ﬁ i_gcati ons and
equi val ent ﬁo&@vérhtﬂ—lgbﬂg,llﬂﬁyﬁ@ preneilrelidiese diffedit nalyesoif theralkadinge valgps
skilled in the art using no nore thg{i rfgtﬁti n@a éﬁ@{igg@g &g, and all
such modi f pEhe pakewarrgmeleds veficanldo Hrkofdls FAlDEFOR SR IR t he scope of
the disclosure as defined by the following clains. Wat is clainmed is:
1. A net hodyf g [APRASHS, (RFadhdl pdf vaud O thd kielinbwi tsymplerip becgaibd fiiognthe
conprising the steps of: providin pH sepsor. arr Vi a
plurality ofelipipamaHoeduss pfiy P2 P@a’c"r?ds[g'}@’aﬁ% ?’hgﬁece F%QOL%#%%%(;&@%HQ a
di fferent ig&g}l%glg t-concentration; appl ying said sensor array to a

series of standard sol utions having fixed and known pH and alkalinity
val ues; '

' Equation 1:

X(In;y X(In,* pH,)
| Zin, > pH, .
pHxample o Z(In?) ZIHJ
2dn N
where:



si mul t aneously neasuring a pH response for each pH indicator filmof said
sensor array, generating a calibration equation for each pH
i ndicator filmthat provides the apparent pH as a function of said pH

response, said calibration equations are generated ushggy 5qoaﬁ5fesponses
for each wbl2oesdsmat or filmfromsaid series of pH sta r soiutlons;

applying said sensor array to a low alkalinity sanple solution having an

unknown pH and an alkalinity of |less than 100 ppm cal cul ating
prelimnary pH values for each filmfrom each corresponding calibration
equat i on aisdhpfinr@dponse using the equation: PH =fi (Ai) where: i is the pH

indicator filmindex, f; is the calibration equation that provides the

apparent pH.v S : A fnGhh@Argfonahliiadponse for the ith pH indicator
film A R%S?ﬁ%Hﬁ%gggggg'pH resgonse for the ith pHindicator film pH, is

t he apparent pH value calculated fro he ured responsg @k the ith
pH indicamﬂﬁkfﬂmnnmﬁwﬂtmgiE@@?é?ﬁﬁﬁﬁg] I%é%?%ﬁ%??éﬁqgéﬁa??%h%ﬁ

cal cul ating the : gnfor the low alkalinity sanple sol uti on
usi ng the°§§??g%%%%#ﬁ%ﬁ9§%§ tion: iz(he) | ZThiEPI1: Z (h4) Z' I

and N is number of pH films.

Fig. 5 is a graphic illustration of the exemplary extrapolation algorithm. Cal.culationsr )

for the results shown in Fig. 5 and the corresponding mathematic procedure are shown

below:

Equation. 2:

N=4i=1,2,3,and4

Equation 3:

Y(in) =2.02+1.52+1.02+052=175
- Equation 4:

YpH;=8.38+8.60+8.75+ 9.00 =34.73

Egua,tion 3:

Y =20+15+1.0+05=50

Egquation 6:

ZIn;-pHi.: 20x838+1.5%x860+1.0x875+05%9.00= 4291

Equation 7:

pH sample = (34.73 x 7.5~ 5.0 x 42.9/(7.5x4-5.0x5.0)=9.18

Based on the results describe above, the present invention thus provides a system for
directly measuring the pH of low alkalinity samples by providing a sensor array

9



Z4 N where: i is the index corres onding to each pH in [ ; [

I ndi cator concentration of the th Pndi ca’?or; pH, tﬁe apgia(r:g]?rle \r/léil :.IZ the
cal cul ated fromthe pH response of the ith pHindicator filmand the
correspondi ng calibration curve; and N is nunber of pH indicators. 2. The
met hod of w swbsnsizeowher ei n sai d i ndicators are solid pBEVREPOHULRY

i ndi cator-containing filns. 3. The nethod of claim2, wherein sai d1
indicators are colorinmetric pH indicators or fluorescent pH indicators.

4. The nmethod of claim3, wherein said colorinetric [ [
, ] pH.indicajors are
Sty el

sel ect ed fhevingtahgughiywf indeapsedinppiBfionshaiofelippgng T esol

purple, thynol blue r . I Kkhsoaa ;
chl or ophen‘}dlﬂkn_?% Fa‘Wl%%@{%%@F%%ﬁfgﬁg? gg]!r?éélrlr{g% \%%%)T bdlS ue, ﬁﬁn%ﬁ?‘ir) glgmrigg’
Ehenol Eht htiab g):Hlof aer efabphtdapki nin acdoslante with, the myssstpiveion; fese
r onopheno ue, netacresol purple chi b .
crystal viBFEICTRE A re@?%gﬂ 5 %@H@quﬂ&?% ?ae{fﬂnélg,rgépﬁ%gﬁccwadgi! gﬂ,eatﬁggﬂi ﬁgln,
?lrglt Ih 3}/\/ orséanﬁgtl&%dy )&%&l@éﬁ%e@@}ﬁdrﬁ talcdisiions pivbloxd neitB, stepwiby | ndiedtpiow,
, izarin. 5, ' ' ]
i S nmeasur e@ﬂ%bgnns. As an example, an %ngﬁ]glgr%dsoﬁa fﬁrlnas%n&dr O\M%Eé Sll’egerﬁ %\%ﬂ&&ll response
demonstrated a rapid response to the target, with results being obtained within about

five minutes for in situ (on field) tests.

As described herein, the systems and methods of the present invention incorporate a
solid polymer-based 'pH sensor film array comprising a scries of different indicator
concentrations. Once constructed, the sensor array is applied to a sample solution
containing a known pH and alkalimty. The pH response from each indicator
concentration is simultancously measured and recorded. Next, a calibration function
(i.c., calibration curve) is generated by plotﬁi_flg the pH measured chsus each indicator
concentration. The calibration curve thus répresents a plot of the pH mcasurcd versus
indicator concentration. Next, a fitting fugction (i.c., fitting equation) representing
cach pH measurement is generated. The ﬁtfing equation is extrapolated to determine
the iﬁfercept points when indicator concentration is zero, thus obtaining an acourate
indication of the original pH of the sample before indicator additions. In this way, the
calibration curve represents a baseline reference function which can be used to
calibrate the discrete results from each indicator portion to quickly and easily exploit
the perturbation of pH from different indicator additions so as to extrapolate the pH of

low alkalinity samples.

While the disclosure has been illustrate(i and described in typical exemplary
embodiments, it is not intended to be limited to the details shown, since various
modifications and substitutions can be made without departing in any way from the
scope and spirit of the present disclosure;. As such, further modifications and
equivalents of the disclosure herein disclosed may occur to persons skilled in the art
using no more than rtoutine experimentation, and all such modifications and
equivalents are believed to be within the séope of the disclosure as defined by the

following claims.
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col ori neter, spectrophotoneter, orfluorescentspectroneter. 6. The nethod of
claim2, wherein said solid filns are prepared fromwater- sol uble
polymers. 7. The nethod of claim2, wherein said solid filnms are prepared
from Poly 2- WhatioslsiseHys: Met hacryl ate (pHEMA) or cel lul ose acetate. 8.
The nethod of claim?2, wherein said sensor array conprises at |east four
pH i ndi cators having concentrations on the order of about 0.01%to 10%

9. The met hog, of Nlﬁétﬁbéforfmtﬁsﬂﬁﬁdg FHIPGISW Alkalifiey Sinffle 961u86H RbAYERe
graphi cal representations of said calibration equations and prelimhnary pH
val ues. 10. Ik stesib6d for neasuring pH of a low al kalinity sanple

sol ution, conprising.+he s S _of . prayviding.a.pH.sens arrayl
naving ai |east BUTA R RHE o ikaine P SELEIRART g s,
each sai d pHsiid gHaadiestof filhivdug B differaitlih@cant caeaaatichat i on of phenol
red; appl ying said sensor array to a series of pH standard

sol utions having FFBLEBE &d SRIORATTEIGM EeTies 04 PHfitandardasoliations having fixed
and known pH and alkalinity values; ' :
4 simultaneously measuring a pH reSponse for each pH indicator film of said
Sensor array;
generating a calibration equation for each pH indicator film that provides
the apparent pH as a function of said pI response, said calibrétion equations are
generated using said pH responses for each pH indicator film from said series of
pH standard solutions;
applying said sensor array to a low alkalinity sample solution having an
unknown pH and an alkalinity of less than 100 ppm;
éélculating preliminary pH values for each film from each corresponding
calibration equ_ation and pH responsé using the equation:
pH=fi(4)
where:
11is the pH indicator film index, )
fiis the calibration equation that provides the apparent pH value as a function of
pH response for the i pH indicator film, |
A is the measured pH response for the i™ pH indicator film,
pH;is the apparent pH value calculated from the measured pH response of the i
pH indicator film and the corresponding calibration equation;
calculating the actual pH value for the low alkalinity sample solution using
the extrapolation equation:

) Y U apH,)
DY Y.

H =
B ot = S Gy S0
Zh N '
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si mul t aneously neasuring a pH response for each pH indicator filmof said
sensor array, generating a calibration equation for each pH
indicator filmthat provides the apparent pH as a function of said pH
response, saWemsal i bration equations are generated using said pH responses
for each pH indicator filmfroth sajd,series of pH standard sol utions;

appl yi ng sai ﬁﬂgié%%lg?x %We%)o’f%n%pq%ﬁgﬁgﬁcﬁ@f’y sanpl e sol uti on having an
unknown pH aRfisake Mdicator BbhEenahtidesHthe HRRAdARr:PPM cal cul ating
prelimnary pH values for each filmfromeach corresponding calibration

equat i on andPPHbe apprsers oH, Splvg celeulatedfzemdhe pHHesmRARY ofitherie pH indicatdne pH

I ndi cator fi '! QP& , i I: |.on _equation that provides the
apparent pH L@[eiﬂiue aécgﬁ?sgﬁﬁgﬁg%aﬁﬁjﬂ%%%gggﬁge for the ith pH indicator
film Al i s NienwabswleH pticagmsponse for the ith pHindicator film pH, is
t he apparent pH val ue cal cul ated fromthe neasured pH response of the ith

pH i ndi cat or2f i | nikgactbpd ofslaima d pwheichysaihindisetors &g sebidipelveier based, pH

cal cul ating 1 Féldi : e for the low alkalinity sanple solution
usi ng the ex%?%%%?% |orl?mgqﬁﬁgllf#on: |E (bib Z Chit s E pH, P fins, =

3. The method of claim 2, wherein said indicators are colorimetric pH
| indicators or fluorescent pH indicators.
4. The method of claim 3, wherein said colorimetric pH indicators are
selected from the group consisting of phenol red, cresol red, m-cresol purple,
‘thymol blue, bromochlorophenol blue W.S., bromocresol green, chlorophenol red,
bromocresol purple, bromothymol blue, necutral red, phenolphthalein, o-
 cresolphthalein, nile blue A, thymolphthalein, bromophenol blue, metacresol
purple, malachite green, brilliant green, crystal violet, methyl green, methyl violet
2B, picric acid, naphthol yellow S, metanil yellow, basic fuchsin, phloxine B,

methyl yellow, methyl orange, alizarin.

3. The method of claim 1, .wherein said pH response is measured by
colorimeter, - spectrophotometé_r, or fluorescent spectrometer.
6. - The method of claim 2, wherein said solid films are prepared from water-
soluble polymers. | | | '

7. The method of claim 2, whetein said solid films are prepared from Poly 2-
Hydroxyethyl Methacrylate (pHEMA) or cellulose acetate.

8. The method of claim 2, wherein said sensor array comprises at least four

pH indicators having concentrationsfon the order of about 0.01% to 10%.
9. The method of claim 1, fuﬂher comprising the step of generating graphical
- representations of said calibration equations and prelirbjnary pH values.
10. A method for measuring pH -of a low alkalinity sample solution, comprising
the steps of:
providing a pH sensor array having at least four solid polymer based pH
indicator-containing films, each said pH indicator film having a different

concentration of phenol red;

12



lE (thh Zini NI where: i is the index corresponding to each pH

I ndicator; In, is the indicator concentiation of the i indicator; pHthe
apparent pH value cal culated fromthe pH response of the ith pH indicator
filmand the corr eppling saiyl scasotaredyi torn setievef, pRs@ndiril solutiotrehavirdg fikéd

I ndi cat ors. . The nethad,of claim10, wherein said solid filns are
prepared f roﬁ“&g{‘%‘?"i‘ggﬁ&ﬂﬁ@‘%@ % 12, The nethod of claim 10, wherein
said solid fil s amauRheRAEmHeh&PMoROBN r oﬁ&é%Pé‘s)éﬁtﬂH’inil%@Hi@ﬁﬁlydf%&ﬁ .

(pHEMA) or cellul ose acetate. 13. The nethod of claim wherein said
sensor array SpHof glgdsat ors have concentrations on the order of about 0.01%

o O e T L o D R S B Bt
prelimnary @Hd ypai@8pH as a function of said pH response, said calibration equations are
generated using said pH responses for cach pH indicator film from said series of
pH standard solutions; | |
applying said sensor array to a low alkalinity sample solution having an
unknown pH and an alkalinity of less than 100 ppm;
calculating preliminary pH values for each film from each corresponding
calibration equation and pH response using the equation: |
pHi=fi(4)
where:
11is the pH indicator film index,
fi is the calibration equation that provides the apparent pH value as a function of
pH response for the i™ pH indicator film, | -
Aj1s the measured pH response for the i® pH indicator film,
pH; is the apparent pH value calculated from the measured pH response of the i™
pH indicator film and the corresponding calibration equation;
calculating the actual pH value for the low alkalinity sample solution using

the extrapolation equation:

Do) 3o mepH)
Sm e
e e et e,

A, =
B T me]
¥k N

where: 7

11is the index corresponding to each pH indicator;

In; is the indicator concentration of the i indicator; _

pH; fhg apparent pH value calculated from the pH response of the i™ pH indicator
film and the corresponding calibration curve; and |

N is number of pH indicators.
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11, The method of claim 10, wherein said solid films are prepared from water-
soluble polymers.

12. The method of claim 10, wherein said solid films are prepared from Poly 2-
Hydroxyethyl Methacrylate (pHEMA) or cellulose acetate.

13,  The method of claim 10, wherein said sensor array pH indicators have
concentrations on the order of about 0.01% to 10%.

14. - The method of claim 10, further comprising the step of generating
graphlcal representations of said calibration equations and prelnmnary pH values.
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