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DETERMINATION OF OXIDANTmOR REDUCTANT CONCENTRATION BY
THE SPECTROPHOTOMETRIC OR VISUAL RESPONSE IN OXIDATION
OR REDUCTION OF POLYANILINE

5 BACKGROUND OF THE INVENTION
Field of the Invention
The present invention is directed to the use of
polyanilines, which undergo a color change upon
oxidation or  reduction, in the wvisual 9©or
10 spectrophotometric determination of the presence of
oxidants or réductants in a sample.
Description @f the Related Art
L-Ascoﬁﬂgc acid (vitamin C) occurs naturally in
many foodstuffs (fruits, vegetables, dairy products,
15 " meat, etc.) and is frequently added to processed foods
as an antioxidant. The production of ascorbic acid from
fermentation is an important bioprocess which supplies
most of the demands of the pharmaceutical as well as:the
food industry for ascorbic acid. Determination of
20 ascorbic acid is important, due to both its nutritional
value as a vitamin and oxygen scavenger, as a freshness
indicator and as a control parameter during fermentation
(see 1 M. Olliver, The Vitamins 359-367 (W.H. Sebrell &
R.S. Harris eds., 24 ed. 1967)). Measurement of
25 ascorbic acid levels in clinical samples (urine, blood,
etc.) 1is also of interest, since ascorbic acid
concentration is a useful indicator of several
pathological states (see Nagy et al., 31 Life Sci. 2611-
2616 (1982); Schenk etxali, 54 Anal. Chem. 1452-1454
30 (1982); M. Brin, AscorbicLAcid:_Chemistrv. metabolism,




R S. Harti's eds., 2d ed. 1967)) . Measurenent of 25 ascorbic acid
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pat hol ogi cal states (see Nagy et al., 31 Life Sci. 2611- 2616 (1982);
Schenk et, al ., 54 Anal. Chem 1452-1454 30 2(1982); M Brin, Ascorbi c Acid:
Chem stry netabolism and uses
369-379 (P. A Sehpdguges|369tH29t (R, SeidaA B-M. TolberAs@éﬁbucl%?H)rs a
noderately strong redngbagbaaeaéld idh HYRPE: A HOHE ‘.’réhuc:.ng d§énty Vs
SCE at pH 5) (see Lei nweber |-, 143 Net hods Ené%rml iﬁé%h(t%?) 5
Nbst anal yti cal ﬁﬂtmo@ﬁpl“ﬁdﬁa}t wasSe & 1B& %t VBnSCE ah P S¢Es

concentration byrepagebeph@ton®1(] C 143 d@éﬂi@d@am@mgee Sy 1rer (1847Pc oc.

5954037 B T54B0y paliRacll tidlis Bprdid ins 'edsd oF Shsastiith,

(1988)) or titrandonde@see Titbmaaencestrazionnt bys. spectebphgmbmeerSG

1972); Leonhard 1 9 S t
G2y Taanta %‘f%%f%na&g%g% oF Farmez. SEBrek dc kb B3 OALAY ©
t he dye 2, 6- dtéR-368pHAAS6) idFowe®sl 3ls- .of%‘?e?n M_as_emaaﬂ? @7 in

ascorbi ¢ acid detgusyat 'aﬂa ceeaeel EE E&ductnm Bfial. OBIAUrREta 273-278
spectrophot onetri caI I anal bl em occurs 1 f_other_reductants

of interest &8 f&@&ﬁ@lf fQr %ﬁ H'%I a 362 s T HHARANS i 4 Lo—pHBEERE- n

sihgm LI cEnt dqm.abbntsmes 3|3n3tme(mmrblneeﬁhdrdarrak:esl I,n :2rhzcannsl 20
the backgroun Qi se er tants it _ ar ge
part; of the tot apgﬁgla'sa ihem”ﬂrﬂ anéeéj %c‘? dr ﬁgn%icgrrrtmyggcg%é
aci d usi ng bioser36mg)) ofhashel uadommddxzmk-ascé'pb‘ateecamplcea.seth% dye
only rel i ab'g 4ORIOAIBIUHERSTYaEBReklol) Chrfbn b AP dn’ St FRAE)

i dwe | 0S

257-264 (1988); NSor s
15 in ascorbic acid determination, and its reduction is

measured spectrophotometrically. An analytical problem
occurs if other reductants of interest for foodstuffs,
particularly sulfites, are also present in significant
quantities in the ascorbic acid samples. 1In such cases
20 the background noise from other reductants may
constitute a large part of the total measurement. The
indirect determination of ascorbic acid using biosensors -
based on immobilized ascorbate oxidase is the only
reliable homogeneous assay (see Lloyd et al., 28 Food
25 Chem. 257-264 (1988); Sidwell et al., 2 Biosensors 221-
238 (1986} ; and Carvallo et al., Process Biochem. 52-54
(April, 1989)) besides the well established, but
expensive and complicated HPLC method (see L-

Ascorbins3ure, Boehringer Mannheinm, Methoden der

30 biochemischen Analytik und Lebensmittelanalytik 16-18
(1987)). There are some application problems with the

biological method as well. Firstly, ascorbic acid
oxidase is an expensive enzyme (approximately $100/10
mg) . Secondly, the inadequate stability of the enzyme,
35 irrespective of the immobilization method, has always
been a difficult problem in the development of
biosensors. Lastly, the strongly reducing potentiai



238 (1986&); and Carvallo et al., Process Biochem 52-54 (April, 1989))

besi des the well established,  but expensive and conplicated HPLC
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provi de films of precalibrated colors, in the same way that

A

15 paper indicators are used in the pharmaceuticai
industry.

It is a particular object of the present invention
to provide a sensor which can be used to measure the
amounts of ascorbic acid present in practical samples.

20 It is a further object of the invention to provide
a PAn thin film sensor material that can be easily
produced at low cost.

It is also an object of the invention to provide a
sensor material wherein a single calibration curve can

25 be provided by the manufacturer, thereby eliminatiné the
need for calibration runs by the user of the sensor.

It is also an object of the present invention to
provide a sensor which is durable, and can be used for
a number of experimental runs.

30 It is also an object of the present invention to
provide a sensor material that is easily storable, and
which can be easily activated prior to use.

Finally, it is an object of the present invention
to provide a sensor which will not suffer from

35 interference from sulfite present in the sampie.

These, and other objects of the present invention
are obtained by providing a method for determining the



a PAn thign filmsensor material that can be easily produced at | ow cost.
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wher eiywi' a singl'e calibration curve can 25 be provided by the manufacturer,
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change, more particularly ultraviolet/visible 1light

15 spectrophotometric analysis. '

Alternatively, the method may include visually

determining the reductant concentration based upon the

variation in thickness of the PAn film that undergoes a

definite color change in a prescribed time. For a given

20 PAn film thickness, there is a color change within a

prescribed time if the reductant (or oxidant)

concentration is above a certain level, and no color

change if the concentration is below this 1level.

Measurement is made by comparison with a calibrated

25 range of PAn films of various thicknesses that have

undergone the color change in a prescribed time for
various concentrations of reactant.

The sample to be analyzed may contain sulfites, and

may be selected from the group consisting of urine

30 samples, blood samples, food samples, pharmaceutical

samples, and industrial waste samples. Desirably, the
sample'is a sample of a fruit juice.

The objects and advantages of the present invention

is also obtained by providing a method for determining

35 the. presence of an oxidant in a sample, comprising

contacting said sample with a polyaniline in a reduced

state, oxidizing said polyaniline to a higher oxidation
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15 experimental runs per sheet. The film forming the
sensor is relatively stable in air, and can be stored in
a dark room without controlling the atmosphere. The
films are easily activated before measurement, and the
interference of sulfite in the measurement is
20 negligible.

Further scope of applicability of the present
invention will become apparent from the detailed
description given hereinafter. However, it should be
understood that the detailed description and specific

25 examples, while indicating preferred embodiments of the

| invention, are given by way of illustration only, since
various changes and modifications within the spirit and
scope of the invention will become apparent to those
skilled in the art from this detailed description.

30 BRIEF DESCRIPTION OF THE DRAWINGS :

Fig. 1 shows UV/visible spectra of the thick
electrbchemically deposited PAn film (L3) in different
concentrations of ascorbic acid.

Fig. 2 shows the time course of UV/visible spectra

35 of L3 PAn film in different concentrations of ascorbic
acid.



The sensoy prepared according to the present I nvention can be easily

mass produced at | ow cost, can be used wth a single calibration curve
provi ded by, the manuf acturer, and is wusable over at |east 50 15
experinmental runs per sheet. The filmform ng the sensor is relatively
stable i.n air, and can be stored in a dar% room without controlling the
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against ascorbic acid concentration for (a) L3
15 electrochemically deposited PAn film and (b) the
chemically synthesized PAn film. The data wexre taken

from Figures 2 and 4 respectively.

Fig. 7 shows the time course of UV/visible spectra
of the chemically synthesized PAn film in different

20 dilutions of (a) orange juice #1 and (b} watermelon
juice #2.

Fig. 8 shows a plot of log(A-A,,l) against juice
content for (a) L3 electrochemically deposited PAn film
and (b) the chemically synthesized PAn film.

25 Fig. 9 shows UV/visible spectra of the chemic{allY
synthesized PAn f£ilm in different concentrations ‘of
ascorbic acid with and without 10 ppm of sodium sulfite.

Fig. 10 shows the time course of Uv/visible spectra
of the chemically synthesized PAn film in 50 ppm of

30 ascorbic acid in the presence of different
concentrations of sodium sulfite.

Figure 11 is a diagram (not to scale) showing two
embodiments of test strips for wuse in <visually
determination of reductant or oxidant concentration.

35 Figure 11A shows a test strip using PAn layers of
varying thicknesses. Figure 11B shows a test strlp
using a single PAn layer formed as a wedge.



different concentrations of ascorbic acid. Fig. 5 shows calibration

curves of lLog(A-Alerr]) agai nst ascorbic acid concentration for (a)
L3 10— el ectrochem cal ly deposited PAn filmand (b) the chem cal ly -
synt hesized PAn film The data were taken fromFigures 2 and 4

respectd vel y. Fig. 6 shows cali brafion curves of dl og(A-Alerr])/dt
agai nst ascor | NVENT 15 el ectrochemcally
deposited PAn Fb TA% 8 iB&'ﬁ:@ﬁ o Thi 1 zed PAn film The
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di agr ?Im ( noagt ?tﬁéaéﬁ%rﬁiﬂa!ﬂhégféﬂﬁtls tﬁﬁ@@ﬁagmé tfard @Hats b &chngF.Use in
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| 1B shows a testostd i pAn fliﬂ.lnngﬂdulsd ngedulAn ﬁmelatbeﬂeim ahedbdue
[ DETAI LED QtEngggllg{lng\l gérJHEtJ) N\él%lgl’l %ght-yellow leucoemeraldine
form. The color change of PAn film is most easily
15 detected by UV/vis spectroscopy and carn be related
directly to the concentration of ascorbic acid in the
solution.

The redox reaction between PAn and ascorbic acid

can be categorically written as: _
20 EB + VC = LS + VC-oxide [1]
where EB and LS are PAn in the emeraldine and
- leucoemeraldine states, respectively. VC and VC-oxide
represent ascorbic acid and its oxidized form. The
reaction is reversible under the experimental
i 25. conditions, and is probably rate limited by “the
| diffusion of ascorbic acid in the PAn film. "The
following rate expression was found to satisfactorily

describe the kinetics of the system:

-d[EB}/dt = k([EB])x[VC]® | [2]
30 Integration of equation {2] leads to equation [3]
1n[EB] = 1n[EB], - k[VC]°t [3]

where [VC]®° is the concentration of ascorbic acid in the
bulk of the solution and [EB], the initial concentration
of emeraldine. The emeraldine concentrations can be

35 conveniently replaced by the absorbance value of PAn at
a suitably chosen wavelength, i.e.,



Pol yani line (PAn) is comonly prepared in the partially oxidized state
of eneraldine and can be easily reduced to the |eucoeneral dine state.
The reguction 5 al so brings about a color change from blue (in neutral
solutions) or green (in acidic solutions) to |ight yellow. In neutral
sol utions PAn sw tches between these t wo I dation states in the
potential range of 0.012 to 320, V_(ys, SCE). As the reduction potenti al
of PAn in 10 the eneral di ne E%Br](r)no?s&norep‘ nodi ¢ than that of ascorbi ce[q]
acid at -0.104 V (vs SCE), tiEBladei t{Ren- He)ascorbic acid to a PAn fli9Im
woul d reduce the lgideL Arapdhg b e | oL P& Ré t th
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describe the Kihetics of theegs?/@gm Ayde qywb-]ol[EB]/olt - (71
K([EB])x[VC] [err] 1 @Br 30 Akt eglat(iPon- AwquakT OVC] 2] | eads [i&d
equation [3] A la = 444 E%Ll!?q._r o VL &4 P i1 d 3l
whete [VC] is the concesntﬁl”gélftz%r%f.ascor i.(?-&l]gpsi gglkn t#ljéven Iglljlfkl of" t he .
sol ution and [ EB] [#¥9Re t ke ithe i semiokegariehnia Plotofolembhahdl nagainpas
ener al di ne concentyiatd Ongie ol beadp/aenveri ent! neh8amedtrbyst R (@bsombgnce
val ue of PAn at a suitably chosen wavel ength,_i.e., . L
15 for a constant reaction timé of T are linear functions

in the bulk concentration of ascorbic acid and as such
are useful for the determination of the latter.
The procedure in this invention makes use of this
property, and forms the basis of ascorbic acid
20 determination by measurement of the spectrophotometric
response of PAn reduction. The present invention is
also applicable to the determination of other redox
agents, such as sulfite in wine and alcohol, and
dopamine in 1living -brain tissues, uric _acid,
25 epinephrine, serotonin, tryptophan, tyrosine, and 3,4-
dihydroxybenzylamine. In cases where the redox agent is
an oxidant, the PAn film can be set in_the reduced form
prior to the measurement, and the color change from
light-yellow to blue is used instead. Similarly, based
30 on the reversibility of Reaction ([1], the open-circuit
potential of PAn film can also be used in lieu of the
spectrophotometric determination of ascorbic acid.
The present invention may be further understood

from the following non-limiting examples.



8 - [EB] [err] (A - Aerr]) [ 4]

[EB][err] [err] (Alerr] - Aerr]) [ 5] wher e
Alerr],and Alerr] are the respective absorbances at the begi nning (t=0
and at the end (t=[err]) of the reaction. 5 Equation [3] can then be
rewitten as In(A - Aerr]) =Ixn(Alerr] - Aerr]) -

K[VC] [err}t [ 6] Fromthe | ast Equation, the rate of change
of I n(A- - AlerrEXAMPRESt, b, and the quantity (A-Alerr]) at a constant
reaction tine of T, (Algi{lidse : d

bodl n(A - A[err]/dt _ -k[ViCl[efgérrrénh) ad@8r e [ﬁﬁilﬁequé’:?e &2 the ;lgl_?rade
Alerr]) = In(Alerr{B I‘I)A{er iliner weg| Surther purified by distidlatdan
and Al[err] are Cortls\?@iqtflﬁﬁritfstglwrr%iréldﬁdim m%xlsﬂtp&s n t]hﬁor}dder
sem -l ogarithm ot p - nst n t
or the neasure t:"t’)fmr’?‘r"( 'fp}é ]f?ﬂ %fcab%% |%[q%1st?]é)l

are linear functi comsygen, i nstimddmndk sohutihbnat i off ofasmbulcl c azdidd amdreas

such are usef ‘%r%ézgé@efﬂ&&eé”\:Pééhog{:ﬁi:kt Q%lh@&%ﬁr of the solid acid

procedure in this € of

basi s of ascorbic Heiexpgendires ndeionbredywatarymwsi WG’B tkl¢@t only for
spectrophot onetri g houF&SHNEke UayADs FLCt i on. The present invention
i's al so applicable to the determ nation of of her redox ts, such
as sulfite in ﬁ? ne and B¥RonBrthedg, namglni nkhe | eFF§PFE6‘emB%QH and

ti ssues, uric achehmiddl ecﬁ:‘tmatttéme oBeraiiline, t rwgidphded t Vicxsi nthe
and 3, 4- di hydro é{benzgl amge%%n ’ﬁ fases Wnere t he redox agent S

an oxidant, the PATTFT e W2 reduced form prior to the
neasurement, and the cokbecthecgemicalm  dépaphitimt|.owPAn bl uBilB usews

instead. Simlarly,, ér?:?ij?é@?tgﬁaiw é@ié%ft?a' EL¥%mOb. ge 39 5 bl 1 ”ie
open-circuit Dt enti a n € use I eu of
spect r ophot onet? i 6% ephi Rat PoReRFiakcofbi Q- icVd. (Vs SCE) Ollhé3‘3;ﬂ<3€}53é?ritve
invention may be fyhdhen wdersiond gladd opidied ol (194 ngnPpn- | i Riddikhs
exanpl es. deposition times up to a total of 600 seconds were used. -
The films deposited were carefully rinsed with a copious
amount of deionized water until a uniform adherent layer
20 remained on the conductive glasé. The deposit was then
air dried and stored in a clean environment before use.
Electrodeposited films having thicknesses corresponding
to deposition times of 60 seconds (L2), 600 seconds (L3)
and 1000 seconds (L4) were prepared according to this .
- 25 procedure. The L3 film is the f£ilm used in the examples
unless stated otherwise. .
Chemical deposition PAn was chemically deposited on
a transparent film of poly(ethylene terephthalate) (PET)
(2x5 cn?) from a 100 ml 1 M H,S0, solution containing 1 ml
30 of aniline, 0.9 gm of KIO, and 1 gm of S5-sulfosalicylic
acid. A deposition time of 2.5 hours at room
temperature was used to produce the chemically
synthesized film used in the examples. The PAn coating
on both sides of the film was carefully washed to remove
35 loose deposits. The f£ilm was dried, cut into sections
of 1x5 cm? each, and stored in a clean environment béfore

use.



9 EXAMPLES Ani line and ascorbic acid were of the AR gr ade

( BDH) . An|I|ne was further purified by distillation over zinc dust to
renmove “oxi di, zed i npurities. In order 5 to mnimze the oxidation of
ascorbic acid by di ssol ved oxygen, standard solutions of ascorbic acid
wer e prepared froma fresh stock solutlo?ﬂ of the solid acid I n
oxygen-free delonlzed ma er whi ch was kept hours_on,t.he day
of use. 10 HosSPefbhg| y'e ‘é’é?‘io?ﬁeﬁf%ifg gnphimazu
chem cal oxidati mrvaafomrspeata;ommrerusa:kﬁor ttohevery Epegdraphotonfe tRAe

filmns. caI It n

potentiostatically %"{pog&t ed frtohnﬁJ 0. f erl né”a:agr? fﬂlfgrgﬁ err] S.llﬂ er r’i at
a potential of 0@MKW$®ChnS©bﬂﬁy@nl ﬂ@r 1 to @imiputes texjagcerfiadgs
plates (Ix5 gni }rﬁd )pre%éf?ééoé'f PAn ﬂﬁpeﬁét eRBrhh BE felBxi®iat iRt &tdife 600

seconds were use | ms_deposited were carefully rinsed wth a
copi ous amourfhenf Feidigedd PRRervwast i FhﬁnunPPEPﬁP&&Neréﬁshe%/ r"’lzt'é1

remai ned on the Gidiide® wHESS, anﬁle:r&fyfdﬁréws;dlhﬂay to a&iHe dfdv%i:u’ﬁld

stored in a cl ean envi ronrrent fore use. dep avi ng
t hi cknesses cor r &Pt Rg‘edepo?f:f%ﬁlﬁ rresa%?' s%%%‘ﬁ%l’so? L2), {'
seconds (L3) spet cﬂﬂmtetdac( g asvaremexitepar ed accordl ng to this 25

d T L3 fil f .
bt hervi so, |10 % T Ragdd'® (iR e W MIBBI elthera W iR ShAIAC
a transparent fi |aiaaﬁtzrgsiqq@qimcbr?ém éﬂéplht(hap atr)syamigrd asqaslyicdaid )

froma 100 mM 1 Mdihaidnd) er ih Rkl i Nddorb{t 38id0f iRl lmdu
0.9 gmof KIJerr] and 1 gmof 5-sulfosalicylic aci d. A deposition

e
time of 2.5 ml%ntréHﬁPrPthBrrrE@%?‘EuPé’%§eése%Itté‘b@°5du§ t R,

chemical |y swﬁdmiged bilue Lt&ﬂ.d)if n tiraiexdnpl earddeePst teabifngthe
on both si de the fi I]{]awas car ef ul I%S:xéﬁshed to flem)ve 3

deposi ts. H‘Wﬁﬁ% TEER bR 97 ohd the Sf"ef?i'd&ﬁfe%eﬂr"bac%

and stored | n a Ergnbasvesd r drerdilie kefmentratiygge of ascorbic acid in the
standard solutions increased, the peak at approximately

630 nm displayed a red shift. 1In particular, the peak
was displaced to approximately 870 nm when the ascorbic
20 acid concentration reached 70 ppm. This observation
corresponds to the reduction of emeraldine base by
ascorbic acid according to Reaction ([1], whereby the
extent of reduction increases with the ascorbic acid
concentration. More importantly, Fig. 1 shows that the
25 absorbance at a fixed wavelength (for example, 63(')‘_ nm)
decreases with the increase in the concentration of
ascorbic acid. This shows that the change in the
chromatic property of PAn due to Reaction ([1] can be
used effectively as a measurement of ascorbic acid
30 concentration.

Figure 2 shows the time course UV/vis spectra of
the L3 PAn film in various concentrations of ascorbic
acid. The measurement wavelength was fixed at 630 nm,
corresponding to the peak of the benzenoid-quinone

35 transition in pristine emeraldine. In the absence of
ascorbic acid, the absorbance value was nearly time
invariant, an indication that.emeraldine base was stable



10 s WI/vis spectra were neasured by using a Shinmazu Uv3100

spectronmeter. Prior to every spectrophotonetric nmeasur enent, the PAn
filmwas equilibrated in an acidified FeC[err] solution for 1 to 2
mnutes to ascertain 5 the presence of PAn in the eneral di ne oxidation
state. « The oxidized PAn was then careful |31washed with dei oni zed

water, and transferre wckl tothec vett containin

ascorbic acid gle lze oyater p%i‘? 5‘3‘@0t St i o %%5%‘? H"gcfﬁ sugh
Figure 1 shows thmda#umeméﬁtes Spe&her absbrbanceéhinkhe albs=oiaeddpasicbebiPAn
film(L3) in Sta”%acfﬂi %%%Qk‘énagé : agﬁ%ﬂt LRB%1a aé( éﬂ?ef‘ll::'f?é‘%%o‘?zfnt 0530

ascorbic acid, the om nen sorption pe occurred at about
nm showi ng a tﬂmmraﬂoime bﬂﬂ!ﬁs i cthe adtidm.sti cInf the Xresence of

benzenoi d- qui ng d Jdagdid QRild) hBReaR AR r&bé&‘ﬁaﬂée ded%@&éé@%ha%l{“ -

concentration of ascorbl c acid in the st andard sol utions i'ncrease

peak at approxi mati@iriallgso nmTish Kpsy Foldeved 1 oY | & p&'k"t"iecuﬁgr"t
peak was di spl atskdabep Lendimmy chnaam em af exond el gk BitatD wishic

concentration reaghed 70 m Thi s.0 |on ond
reduction of erreréiq?ﬁ H?aﬁggfgwt pezde r'b?‘ }E‘T’ ARG %}qﬁﬁ'%gio? %egéf’%ﬁ’lﬁ]
wher eby t he extaamitd ofwa%dmfﬁm:,mtchasehlght h t hEhescohbngeacid the

concentration. nl\]/b(ap% r exanp t&a{ggg'& xjatib)gx S Y 4 hh%e%ﬁ.sa%%om@n%&o%xa

fixed wavel englt creases Wt he increase iIn
the concentration @ffus%t&ﬂ)ﬁ@%?@bdc acifi withinsthefilme dhendaitdathe

chromatic propert ygdrd2He % 1y Qﬁ@éd@fﬁde' ]1tC§'i‘1vQﬁved *tth%d x%ﬁifu%%tlb‘ﬁebf as
a measur enent of a%_éegrbl ¢ acid 30, concent shows t he

time course UV/ vi f8TYR Jfcessible pur ?n f?ﬁ’m nSVQ?PSHgnEOEESHFF&PF’onS

of ascorbic ﬁgqulred the diffusive penetration of dissolved ascorbic
15 acid into a solid f£ilm interior, a process that entailéd
much higher mass transfer resistance. Nevertheless, in
the presence of a high ascorbic acid concentration, the
emeraldine base was eventually fully reduced and the
absorbance became constant. The constant absorbance
20 value, A_,, due to background absorption from the fully
reduced emeraldine, was dependent on the PAn film
thickness. The quantity of (3, - A,) corresponds
therefore to the actual amount of emeraldine base
present in the film and the thicker the film is, the
25 larger this wvalue becomes. The results in Fig. 3
confirm this, as different (3, - A_,) values were obtained
from the L2 (thin) £film and the L4 (thick) film. 1In
principle, thick films should be used to increase the
upper limit on ﬁhe measurement of ascorbic acid
30 concentration. On the other hand, Fig. 3b shows that
there was an inhibition effect in the initial response
of thick films. This could be due to difficulty in
wetting and percolation of thick films because of a
different polymer morphology. The  measurement

35 sensitivity of thick films was reduced as a result.



acid. The neasurenent wavel ength was fixed at 630 nm corresponding to
t he peak of the benzenoid-quinone 35 transition in pristine eneraldine.

In the absence of ascorbic acid, the absorbance value was nearly tine
i nvariant, an indication that eneral dine bgse was stabl e in
dei oni 2ed water for the tinme required for ch measur enents. The

absorbance in the abs%ﬂgetsgfe]g%_srggk%gc 53%? g‘s\gasdg %ﬁﬁa@?l?&ﬁr?gﬁ]ofv@'ggh

shoul d paral |l el the anoun ase 1In
presence of 5 aswopli thacthemhoabi¥r synkbeabsedbBABeLddwr EasehaRyafs ply

initially. — Thi Ehev‘%céfﬂicpv‘ﬁgldblborﬁ:eﬂﬂ%ra&lcﬁ{ adual 11kev€i@‘é eéﬁﬂllar
Ieadlngflnallyto an eqw | briym state within t he neas

i f the concentrat{Fég-of) asc"a?%ufélemcaéc.san is;dsr PRFLAL ﬁ’gﬁu The
change in the ¥Qr akssy bphe@uepidbll Bedatiseonafi ied iTow emasubactheisgover
di ffusion of ascorbic dW|th|nt f|Im he In rgag

rapi d because it CORVol %rrp%]fﬁ’]tt t-{’?‘ﬁ IJ yr ;gldgggégg?bﬁa su\rl\gﬁ
PAn. Subsequent radueki can bermade rey cnita:mg fau diargepe metifarivo RADf sheet

di ssol ved ascorbi,c 15 nt filmiyategio rocgasvt hah
entail ed much nﬁpghd%%rrggg taéﬁgﬁgkbggm sta%(%e 5Ne\%(!;:rs@tf%g' I'ess, |Yn © t he

presence of a hi galibzetion achgveontentnegded, foke the oRECHBife BSiE was

eventual Iy fyly yJo%‘é%ﬁ%Q‘a%&@nt Hétermlﬁgﬁﬂéﬁar‘&l@d Qﬁ?ﬂ%lﬁ@l&tﬂ@s gredby
constant absorbance 20 value, Alerr], due to b%ﬁ% ound al%%olg%ttl on from
the fully r e FliCcHeRFUTSMERE PTG sﬁepé‘f‘m&t"

t hi ckness. The comfarieldy (Hron( A[eﬁfﬂérrme‘ﬂt% r ]whezer r eeppodaciblet handf ore
to.the actual amqunt .aof emeral e

L trer Theoti midEntdea U Se hiSadiRle pesBRRRE L8 BB° fom ThERELLIE
Fig. 3 conf iaichd hiexe abtdiihedr Emom( AWer £l lmsAlcstr Frovaltbes sagee PAN

obt ai ned 1fs 0BG L3t ndy T11 MmADd G4 il ClorddtiBabihity of

measurement of ascorbic acid concentration by the

present method is greatly facilitated by the simplicity
in fabrication and use of chemically synthesized PAn
films.

20 The results of Fig. 2 and Fig. 4 were used to
generate plots of log(A - A,) vs [VC]°. Straight lines
of good regression coefficients (R?=0.99) were obtained
from both electrochemically and chemically synthesized
PAn films (Fig. 5). The absorbances (A) for both films

25 were respectively taken at 50 seconds and 60 seconds.

.'Similarly, a linear relationship was also found from the
plots of dlog(A - A,)/dt against [VC]° (Fig. 6) for the
same films. These demonstrate the validity of Equations
[7}] and [8] under the operating conditions suggested for

30 the invention. On the other hand, some measurement
inaccuracy for ascorbic acid concentrations lower than
28 ppm was evident in Figs. 5 and 6. The inaccuracy was
likely caused by slow diffusion of ascorbic acid within
the film under a smaller concentration difference. The

35 analysis of log(A - A_,) is an integral method, and as
such is more direct and easier to apply than any method

based on the measurement of differential quantities such



principte, thick filnms should be used to increase the upper limt on
the _nmeasurement of ascorbic acid 30 concentration. On the other hand,

Fig.:3b shows that = there was an inhibition effect in the initial
response of thick filmns. This could be due to difficulty in
wetting and percolation of thick filns betduse of a different polyner

morphology. — og Hiog BRY AEN ER2uetRY, ! itld Yelet Mhdled] | ppas sreduced
spect roscopi ¢ desegrad sinalyeie| eogld eflsé2Pe lawgefif hthehewacklion -

synt hesi zed PA’t‘:lfrde' ”ﬂ(é %&&ﬁ”gﬁéﬁi:@r thtal?le ARE GhOLGu AGhEn € ORERAL rg'ﬁ'ﬂ iQh Was

i kewise simla € chem cal synthesis Is particll y suited
5 for mass proé?@é‘tlldon Sec‘é’ﬂ%e eAse t FarowveENuf Btglr igppcentgafions of

FU(fjt hgr m)ftets fla's;l&x\l‘h"(.h é!éi}a:cy l@%%t '&fﬁéad\fﬁtfﬂgé’é‘doﬁ[ Qﬁé&saur%d{éﬁ&le%ycan ‘be
made by cutting i form PAn she ire si.on

ne Ca ) resul 1 g G/ T EEE] R, waths She BaaRm (b BRta bi o
acid 10 conceﬂw&ﬁemndﬁae&mmat i @hd and tHd s swmicépeisbgmmyl y of the
measur enment pr Th| $,+3R onal _advanpt rrred
experinments m@?‘@% pro u0| %gna"penfnﬁgﬁ?ig%?l%%éctpru résfﬁ%l ses to
35 ppm ascor bi slope da dhay cdibdtertred vhem the fehetiont lfsr omhu.batedrre PANn
15 sheet 4(Fi Q.éx the cadd of'8dw ¢ %&rﬂfﬁf‘iﬁ&?%ﬂ i oxg;J.c acigasurenent

~of ascorbic acid concentration b%/ ié)resent met s greatly
facilitated by the &Snphi c(fegonstrakienpqfcathen BrActigabit¥haf céﬂhley

Synéh?& zed I:’A@mestenf'l:l :J.Efi?en%?.on, theTBQliﬁﬁatﬁ.énOél{l/iéirQs £ g S;JI:I & aﬁd\l\/ler e
used to generate plots, o VS rai i nes
of good regres&i ofctBeMtisd eﬁf’§ (éﬁ%r r‘ﬁr@’é‘g‘%“m %% "?1%‘60 rbic fF‘g’rhdboth
el ect rocheni callleyedrd icheftresh | fraynt Hadicesd Frédn orange ( EugceS)andThe :

absorbanceis( A)fre%'h Wé&ﬂéi& juice were prepared by squeezing the
fruits, followed only by low-pressure separation without

any further pretreatment. Prior to the measurements,
the pure fruit juices were diluted with oxygen-free
deionized water to different juice concentrations. 1In
20 every spectroscopic measurement of a sample with a
particular juice content, another aliquot of the same
sample was also used as a reference in the
spectrophotometer to eliminate any influence of the
color of the fruit Jjuice. On the -other hand, a
25 biological ascorbic acid assay kit from Boehringer
Mannheim was used to compare the effectiveness of the
present method against the bioclogical method of ascorbic
acid determination. Due to the rapid oxidation of
ascorbic acid in fruit juices, the determination of
30 ascorbic acid by the biological and the present methods
had to be conducted simultanedusly, in parallel’
experimental runs.
Figure 7 shows the time course of UV/vis .épectra of
the chemically synthesized PAn f£ilm in the presence of
35 two fruit juices of different contents. The wavelength
in the time course measurement was fixed at 625 nm. The
repeatability of the measurement was considered as good,



25 were yespectively taken at 50 seconds and 60 seconds. Simlarly, a
| inear relationship was also found fromthe plots of dlog(A - Alerr]
)/ dt againsg [VC][err] (Fig. 6) for the sanme filnms. These denonstrate
the validity of Equations [7] and [8] under the operating conditions
suggested for 30 the invention. On the other hand, sone neasurenent

I naccuracy for ascorbic acid concentrations | ower than 28 ppm was
evident in Figs. Singe tBheThespaaseucasyesasin Figi ké| yergusdosgy tsl @ne

di ffusion of ascoghbenheeid W"I‘h'&I Nsame té&élﬁéﬂé&ﬁdeﬂls% SEBb'l?téd to the

concentration difference. The anal ysi s, of [erT]) is an
integral nethod, SHECEEOCh: em%‘a%:lesSYﬁtFrt@%Fﬁ%%t é%ﬁaégsﬂé‘? qFEgIRPI N
any net hod b Phet Onatrsetheasfoeaeoniptedi hbeeent mue gt idf e&)gsuch-

13 as dl og. ( t .. Howeve e.experi mental. .error

“tegral anal v CLEIINE $5hrphlh a8 BB B RLIERRD e e
shorter than the mbatlimmhiptlneEq\mtmbn [8\]\0utréglae:d‘llesscazﬁe tfher onsrga.ml gh
concentrations of g5 SC | T, v f

dl og(A-Alerr])/dt T’l eA%b %sl? ntdh é}? :tgﬁgo%;%ag%l% dﬂﬁ%er entiati on
and t he suszeperbances (A) oin Figi f Bewenei &eken o Shadgandsiand

noi se. Furthernorey tdconds! R | ¢hal Sehginilzgii?d E{)ﬁﬁhégﬁzé&a%ﬁ&n tre
inhibited 10 in the case of |ow concentration of ascorbic acid, As

a derpnstratibh ctlerereshepicallyy smuhesized) £idne | Feeperbivelye as
calibration curvebediiféds. by arthe 6Galgbeatsefl f @uxrtvss deilwgr rrmgt.l org of

ascorbic acid eve s n fr h fruit i ces., Fresh orange. | nd 15
resh wat or el on FHVERERATe Briopetn tolatiRon T Tin S8 Hhihd hdiesily
only by | ow pressthe shmeatdbgmt—haut)_/dt aayxdf uhehéuipeed:omaementn the i or
to the rreasurerren(t:g%t?:fcttgg g&ﬁg E&HIE ui c sﬂllt“t q:qqevméaﬁﬁgg&eirbgree

dei oni zed water t erent_jurce co ntrati ons
15 curves in Figs. 5 and 6 can be used to determine the

concentrations of ascorblc acid in orange juice and
watermelon juice at any dilution by taking absorbance
measurements at a fixed time, or by measurement of the
slope dlog{A - A_,)/dt. Tables 1 and 2 list the results

20 of such endeavors and also use the Boehringer test kit
as a comparison. The relative standard deviations
(R.S.D.}) of less than 10% for both integral and
differential analyses were considered satisfactory for
measurements of biological samples. This shows that the

t 25 two analytical methods based on the spectrophotometric
response of PAn have the required reliability to
determine ascorbic ‘acid concentration. The
exceptionally high R.S.D. of 20.5% in the differential

- analysis of watermelon #2 was due to the low ascorbic

30 acid levels in the samples. Other than that, the
measurements by this invention were in good agreement
with that from the biological assay but without the
requirement of long reaction time of the biological

assay.
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15 curves i'n Figs. 5 and 6 can be used to determ ne the mntrations
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ascorbic acid. Fig. 9 shows the UV/visible spectra of chem cally

synt hesi zed PAn filmin various ascorbic acid 5 concentrations with and
wi t hout the presence of 10 ppm of sodiumsulfite. _ The presence of
sulfite hardly altered the major spectropgotonetric features of PAn in
solutions where the sulfite to ascorbic acid ratios were 1:5, 1:3 and

1:1 respectively. In vigw pickhesl @Cleddithn Hheidieigahé 118 E80ASCOTMIL A¢1 d
ratio in packaged juices is usua | ess_than 1; e interference

ef fect of sul fi FRRpigR Bﬁb‘é%‘?‘?b?ﬂﬁd%??’ﬁa?res’p‘bn"s%ed? fstjination of
negl i gi bl e. Neverasebebsic acﬂdantFﬁgtl$63hﬁﬁ@53ﬂmHﬂUVﬁv181ﬁﬂ§3spédﬂﬁacdf

i nterference was aI 8 car%%ed OL%I?% chea% P&nw re 10 %glwlslstgg érgfccaoéj:{ e

spectra of PAn in emgﬁa PO oToVart ous
concent rati ons 5of cosqentretlonsThetheanécmthbuts mlhfe| oresenceddift ildh pes

anal yzed in terns t i ' I t
rel ezance to the 28% %ﬁinjiqg‘gl P§1§§§gtghe3| ze 35 %é?bg %eg}%éﬁ&letés %ﬁg}gh
anal ysis for both fhteyedl thednal¢¥ Frertrerhetonririe featixas

presented in Tabl esd1uffigns abketaldit sulFARECRL akbopbief aé§&0f§t£o§%é!ré n
t he bl ank sol ution fromi éegral and di fferent | al anal zies ué;cé%j?agpm

25 and 51.8 ppm relpectlidI3nd did wesPerhiyediYose IR0 VERY
concentration 06 S5OhepsmlfitédkPrBadtidacidcirdtio mopaékaged jxlﬂ:eceamsmm

relative errors were % f.or th 0, and % atte

respectively. 'I‘ﬁ‘é?;ai |n]ge§she Pfli i bnce}}ﬁrétnl% e(.’f'ef(‘f ﬁ?geﬁl:no?

result in a proporsubﬁate| Ay edse speetrophotcmietancngrespctrtm 0éd|mm| onsof

PAn by sulfite WasSy, f #ﬁfé thﬁ@v £§Ee1es§»’£i 6% sessment of
sur errent of AN

19 The sel ecti W spect ro metric rre
reduction by eit hethen?zstg@at of H’iﬂf—q??éf‘é?ﬁm% wasl %45@ farried out.

15 Figure 10 shows the time course spectra of PAn in
S0 ppm ascorbic acid with the addition of various
‘concentrations of sulfite. The effect of sulfite
addition was analyzed in terms of the calibration
equations in Table 1 that are of relevance to the

20 chemically synthesized PAn film. The results of such
analysis for both integral and differential methods of
measurements are presented in Table 3. The calculated
concentrations of ascorbic acid in the blank solution
from integral and differential analyses were 49.6 ppm

25 and 51.8 ppm respectively, and were very close to the
true concentration of 50 ppm. In 50 ppm ascorbic acid
solutions, the maximum relative errors were 9.2% for the
former and 18.2% for the latter, respectively.
Increasing the sulfite concentration to 20 ppm did not

30 result in a proportional increase in error, indicating
that reduction of PAn by sulfite was much less than that
by ascorbic acid.



thereforessati sfactory for ordinary applications, and the interference
effect of sulfite in such neasurenents 5 can be safely ignored.

The response fromthe chemcally synthesized film is not substantially
affected by the sulfite addition. The sane filmretai ned sufficient
activity+to be -used for at |east 50 neadBrenents. Thi s attests to the

10 durability of t e sensor naterugl in the_neasurenent of P
according to thi sTPRVERIEGHLVILY of SPaGtropReLmEsK 1Cs m83§8538ﬁn h@
spect rophot onetri reductéspaﬂyeaxﬁhémmmaym or Byffierenbialamnalyeis is
determ ne t he n t | t t h Is n

conparison to exi ggf"%geé% ac{tg%gggu#(g{ 1 ggﬂ% %%g&ic%‘h%tﬁs' L
selectivity to d|gheganuesﬁereneelﬂféﬁ¢ér@ﬁc@u1fltﬁ ;me§n¢hxmeaﬁuwﬂm§nts

Exanpl e applicati ggg Lgoghtgg@ i ggant ion include the critical
exam nation of ascorb acid Tevels in_clinical sanples (urine,_ blood,

etc.), 20 and of checkﬂ‘hg rREPPREShATOM &her shamigaldin synthegigadpfm
meat, etc.). The sgnaek @&b@taﬁtaanwelaxffecce@w fiHen RAEi adad®ition.

th d el ect h The | att t
buto 1S more costhe SBRRoELpD TerRETRRREE SAEF | PRELECROEP Y GERY cal

25 properties thaforamtbheldaser |5m9dmla¢saremagts cal Thiat iaJItests:ultme the

provi ded by t nuf er t

t he necessi tytjgf rr% 3#15 ot Jﬂ %lggn[ﬁ?%%&?%errse#ﬁé %eaé\ﬂé;ﬁ’é’r?%ﬁ

spect rophotorreterascgrbﬁaot actécessarshngf tot hlalSOlanentmnng practice is

adopt ed. The, change phigt Qﬁvent§3ﬁ°r1§a'i!>%%e Ucﬁq Eﬁgfe ﬂ&tomé
out y t

spect rophot orret ric nmeasur enents, - rou ht corrp etere UCt i on
of PAn by asco¥BfBoBgedof aPAB E%@%%ip%d@yt%s%ma%g%mr% to qetierming

fromblue to Ii ghth&ebbﬂ&enafgtiwﬁofaiw ﬂatrte}S PAe etHBEEigogsiEl ©n

5 aci d

col or change is a function of the filmthickness dthea rbc

aci d concent r &Pi ofi°™Par}figRe t\ﬂ)u?’dlﬁF’ngbéné‘lé" el c%’r"?%% ‘b’ﬁ%En@E

t he adequate selectivity to disregard sulfite 1nterference
in practical samples. Example applications from this

invention include the critical examination of ascorbic

acid levels in clinical samples (urine, blood, etc.),

20 and of checking the freshness of foods (fruits,

vegetables, meat, etc.). The sensor material, nawmely,

thin film PAn, can be synthesized'eiectrochemically or

chemically. The latter preparatory route is more cost

effectiﬁe, and produces PAn films of nearly identiéal

25 properties that can be described by a single calibration

curve provided by the manufacturer. The analysté are

therefore vrelieved of the necessity of conducting
calibration runs themselves.

A spectrophotometer is not necessary if the

30 following practice is adopted. The change in the

absorbance value (A-2A,) in spectrophotometric

measurements, brought about by the complete reduction of

PAn by ascorbic acid, also corresponds to a change in

PAn color from blue to light-yellow. The time taken for

35 PAn to undergo such a color change is a function of both

the film thickness and the ascorbic acid concentration.

There would also be a direct correspondence between the



20 fel mthickness and the ascorbic acid concentration shoul d the
transition-of color be conpleted at a specific tinme. PAn filns of

di fferent thicknesses can then be nade so that they would produce the
necessary 5 color change for different coggentrations of ascorbic acid
at a given tinme. If the filnms are labelled wth t he concentrations they

are cal i brated agaiisf  (HIRKnEAR onh® HREU ddLddiss SATR {ERNBBACRRCLAR i

indicators in pharnaceutlca ndust exanple, as s omm

in Figure |1 A PAsbouls ther trapgifie tﬁgck?fé@?és kge W\R"&ﬁaﬁd: a
assenbled on a  gfddifFi@f tslutkastrap&ﬂfim@t senpi echpbder tBicRheykedsloan

the PAn fil ns have _been cali brated [ kno uct a
concentrations. chen MadGesP t g%&u mﬂ%%ﬂ@@% Y%?Igﬁ et RECERGT

cause a.col or Ghargdom changenfor ﬁhﬁﬁk&eﬂt(ﬁoﬂoénnratfbmpveﬁ tisperibd c
noted as the C%' 1%’ &ed; S f@gﬁ”gi g e E%&”Aé&t ;LSBeXi‘laEieJl%'h
that film The te strlp i €1 mtersed |n the Sa } on

reductant. After a;l'ﬁr esovcebtdations theyZ@rar@lmra:m<bragma¥ﬁgB 4:heafnd:a1nhe

area of |ack of celdiyead SHRNGReSoaRce ARkEY as!!hd IBaSLE! 9HiqREsRRs0LYES

an i ndi cation of uctant concentration, Shce &d reduct ant
concentration vmIIthﬂaRhaﬂm%¢QHﬁ§Q§%|%ﬂQHﬁ&¥Y- values for the two filns

conprising thagtransitiryy aklmpled as shbﬂnFiﬂLngthﬁ@ 1ike p@a{mlrmls 1 of

t hi cknesses of PAn fil,m are. provid ‘% g - shaped PAnmgh Q

T ovidea on O B Senvite chiSiRastes hre Brinesas H g5stnhigd ‘en a
transition point @sdielp/\w smmﬁstarae& & iepkosampdegholder 3andPreeiansdyof

| ack of col or cha indicates the 30 reduct C ntr

Thi s vi sual déter% ﬁétﬁ&? pF§§3§% i carrlgg ou%l';ltlb % na ogo aﬂ%gﬁhe%nfhe
obj ect of detern reduamtant oxtdagentratoonentrati The lowest The‘edWJ@mton
bei ng thus de%%“ Rehcet ritlilorP € h3t %ﬁiﬁ“éaﬁ&ét t éﬁf@xa{“ﬁart ure S

many ways. Suc variations are not to be regard as a rom
the spirit and scébdchmesse Phvditlwningy giveyychime is noted as the

calibrated standard or reference concentration value for

that film. The test strip is immersed in the sample
containing a reductant. After a prescribed time, the
20 area of color change 4, and the area of lack of color
change 5, are noted. The transition area 6 gives an
indication of reductant concentration, since said
reductant concentration will be within the calibrated
values for the two films comprising the transition area.
25 In Figure 11B, the varying thicknesses of PAn film
are provided by a wedge-shaped PAn film 1, proviéed on
a strip of substrate 2 in a sample holder 3. The
transition point 6 between the area of color change 4,
and the area of lack of color change 5, indicates the
30 reductant concentration.

This visual determination process is carried out
analogously when the object of determination is oxidant
concentration. -

The invention being thus described, it will be

35 obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such

-~



21 nodifiscations as woul d be obvious to one skilled in the art are
intended to.be included within the scope of the follow ng clains.

22 ~+ Wat is clained is: 1. A method for determining the
presence of a reductant in a liquid_,sanple, conprising contacting 5
said sanple wth a polyaniline in a partial oxi di zed st at e,

reduci ng said polyaniLine to a | ower i dati.on, state surjng .t he
col or change of séPalﬁbF?EﬁP??nﬁs W°Ufé£?%dﬁﬁgﬁﬁ?%gt°§%?% éﬁiﬁi%éﬁ%%,lnénd
determ.ning the art areoineahdadi bo bé imclhiedexhtwirlese nthdasaopepeh tlsai d
10 col or change s 2 met hod according to claim1, wherein said
reductant is ascoFB}%ogéPg.ClaIHg' 3. The nethod according to claiml,
wherein said polyaniline in a partially oxidized state is 15
ener al di.ne. 4. The met hod according to claim1, wherein said
polyaniline in a |lower oxidation state i's | eucoener al di ne.



5. The net hod according to claimi, wherein said 20 measuri ng of

sai d . color change conpri ses spectrophotonetric analysis of said
col or ehange. 6. The net hod according to claim5, wherein said
measuri ng of sai d col or change conpri ses

ultravi otet/visible Iight spectrophotonetric 2halysis. 25 7. The

nmet hod according to claim1l, wherein said nmeasuri ng of said col or
change conprises determ ning the tinme for a.given thickness of
polyaniline filmto undergo a predeterm ned col or change. 8.
The net hod according to cIa|n11 wherein said 30 sanpl e conpri ses
sulfites. 23 9. The net hod
according to claim1l1, wherein said sanple is selected fromthe group
consi sting of urine sanpl es, bl ood sanpl es, and food sanpl es.

10. The method according to claim9, wherein said 5 sanple is a sanple
of fruit juice. 11. A nmethod for determ ning the presence of an

oxidant in a liquid sanple, conprising contacting said sanple wih a

R gher oxi dation 10 state. measuring t ﬂLZLB?OfaLﬂaﬁg'ey";‘f“lIlllllﬁlllllﬂllﬂlllll 1]
pol yaniline acconpanyi ng sai d oxi dation, and deternining &

concentration of said oxidant present based upon said color change.
12. The nethod accYbatnds: Glailes 182, wherein said

1. A method for determining the presence of a
reductant in a sample, comprising contacting said sample
with a polyaniline in a partially oxidized state,
reducing said polyaniline to a lower oxidation state,
measuring the color change of said polyanilihe
accompanying said reduction, and determining the
concentration of reductant present based upon said color

® N s W R

change.

=

2. The method according to claim 1, wherein said

2 reductant is ascorbic acid.

1 3. The method according to c¢laim 1, wherein said
2 polyaniline in a partially oxidized state is emeraldine.

4. The method according to claim 1, wherein said
polyaniline in a lowerx oxidation state is
leucoemeraldine.

1 5. The method according to claim 1, wherein said
measuring of said color change comprises

3 spectrophotometric analysis of said color change.
1 6. The wmethod according to claim 5, wherein said

measuring of said colorxr change comprises
3 ultraviolet/visible light spectrophotometric analysis.

il




15 polyaniline in a reduced state is |eucoeneral di ne, and sai d

pol yaniline.in a higher oxidation state is’ ener al di ne.
AR O

REPLAGCEMENE SHEET
7. The method according to claim 1, wherein said

i 23

measuring of said color change comprises determining the
time for a given thickness of polyaniline film to

B wWoN M

undergo a predetermined color change.

[

8. The method according to claim 1, wherein said

2 sample comprises sulfites.
1 9. The method according to claim 1, wherein said
2 sample is selected from the group consisting of urine

3 samples, blood samples, and food samples.

1 10. The method according to claim 9, wherein said

2 sample is a sample of fruit juice.

1 11. A wmethod for détermining the presence of an oxidant
2 in a sample, comprising contacting said sample with a
3 polyaniline in a reduced state, oxidizing said
4 polyaniline to a higher oxidation state, measuring the
5 color change of said polyaniline accompanying said
6 oxidation, and determining the concentfation of said
7 oxidant present based upon said color change.

1 12. The method according to claim. 11, wherein‘ said
2 polyaniline in a reduced state is leucoemeraldine, and
3 said polyaniline 1in a higher oxidation state is
4 emeraldine. |

SRR

i |



1 13. Thke nethod according to claim1, wherein: 2 said contacting
conprises providing various 3 thickness of polyaniline filmon a test
strip,for which 4 the mninmumreductant concentration to cause-a.color___
5 <change in a given tine is known, and imrersing said test 6 ’striﬁ,in a

sanpl e containing said reductant; 7 sé#d reduci ng conpri Se,j ml"'"""'""
mai ntaining said inmersion 8 for said given tinme;, and 9 3
deternining ®f #2ducThmtmethbedcreeerding 40 ctanPrise¥hereispal ly "o
observi ng ftize thi cg.?gas élfhta%l:irild"“ E&af&g&alge@f Lpirairi\ﬂﬂﬁgl n@riolus ”
transition from co] or change to J.ac cal or change_occurgs. . :
The met hod acgord#\bc’fﬁeﬁ?a‘? E@Y%@%:ﬁ@ on a tegk StEiht a‘i‘?‘i’ fpich
conprises pravidthg miaimoms reiudddnmknesacehtpatyeni ldohecdusen an acolcast
strip, for which he g ni.qum oxi dan ncent I on S al 5
change in a g%-’vencf}?rﬁgéilsn rkgrng{/%/rr}?é na(r%&m%rrrjfgesr gﬁﬁg’gsa%’g&t le“s“f‘é]?%fggtsre?%d ictﬁ== Sglr

sanpl e cont ai i ngstrip dRi davrnplg contaiging sxidi zedgctanpri ses

mai ntai ni ng sqi d i Mergsiol rSaucift Sl HdEMd 4 ,@ﬂgj? sd i |4

det er mi ni ng o? oxi dantégoncgnt$%t%n_co&% ses 1j0ﬁ@'a\l/3fsua l'y lo sle'?l?/%ﬁ)t e

t hi ckness or 8hi ckp®sSaidogiyenptime; ein a transition from col or change

to lack of cobor 12 cHapge Aet¥rmining of reductant concentration
10 comprises visually observing the thickness or
11 thicknesses of film wherein a transition from color
12: change to lack of color change occurs.

14. The method according to claim 11, wherein:

1

2 said contacting comprises providing varioué

3 thickness of polyaniline film on a test strip, for which

4 the minimum .o'xidant concentration to cause a color

S change in a given time is known, and immersing said test

6 strip in a sample containing said oxidant;

7 said oxidizing comprises maintaining said immersion

8 for said given time; and

9 said determining of oxidant concentration comprises
10 visually observing the thickness or thicknesses of film
11 wherein a transition from color change to lack of color

g 12 change occurs. ' ‘
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1. A method for determining the presence of a

What is claimed is:

reductant in a liquid sample, comprising contacting
said sample with a polyaniline in a partially oxidized

state, reducing said polyaniline to a lower oxidation

‘state, measuring the color change of said polyaniline

accompanying said reduction, and determining the
concentration of reductant present based upon said

color change.

2. The method according to' claim 1, wherein said
reductant is ascorbic acid.

3. The method according to claim 1, wherein said

polyaniline in a partially oxidized state is

emeraldine.

4. The method according to claim 1, wherein said
polyaniline in a lower - oxidation state is
leucoemeraldine.

5. " The method according to claim 1, wherein said
méasuring of said color change comprises

spectrophotometric analysis of said color change.

6. The method according to claim 5, wherein said
measuring of said color change comprises

ultraviolet/visible light spectrophotometric analysis.

7. The method according to claim 1, wherein said
measuring of said color change comprises determining
the time for a given thickness of polyaniline film to

undergo a predetermined color change.

8. The method accdrding to claim 1, wherein said

sample comprises sulfites.

REPLACEMENT SHEET
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9. The method according to claim 1, wherein said
sample is gelected from the group consisting of urine
samples, blood'samples, and food samples.

10. The method according to claim 9, wherein said

sample is a sample of fruit juice.

'11. A method for determining the presence of an

oxidant in a quuid sample, comprising contacting said
sample with a polyaniline in a reduced state,
oxidizing said polyaniline to a higher oxidation
state, measuring the color change of said polyaniline
accompanying said oxidation, and determining the
concentration of said oxidant present based upon said

color change.

12. The method acéording to claim, 11, wherein said
polyaniline in a reduced state is leucoemeraldine, and
said polyaniline in a higher oxidation state is

emeraldine.
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i The method according to claim 1, wherein said

measuring of said color change comprises determining the
time for a given thickness of polyaniline film to

undergo a predetermined color change.

8. The wmethod according to claim 1, wherein said

~sample comprises sulfites.

9. The method according to claim 1, wherein said
sample is selected from the group consisting of urine
samples, blood saniples, and food samples.

10. The method according to claim 9, wherein said

sample is a sample of fruit juice.

11. A method for determining the presence of an oxidant
in a liquid sample, comprising contacting said sample with a
polyaniline in a reduced state, oxidizing said
polyaniline to a higher oxidation state, measuring the

color change of said polyaniline accompanying said

~ oxidation, and determining the concentration of said

oxidant present based upon said color change.

12. The method according to claim. 11, wherein said
polyaniline in a reduced state is leucoemeraldine, and
said polyaniline in a higher oxidation state is

emeraldine.
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