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25 Despite their widespread use for estimating oxygen demand, both BOD and
COD methodologies have serious technological limitations. Both methods are time
consuming and very expensive, costing water industries and local authorities in
excess of $1 billion annually worldwide. Other problems with the BOD assay
include: limited linear working range; complicated, time consuming procedures;

30 and questionable accuracy and reproducibility (the standard method accepts a
relative standard deviation of £15% for replicate BODs analyses). More
importantly, interpretation of BOD results is difficult since the results tend to be
specific to the body of water in question, depend on the pollutants in the sample
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detector was found to be non-selective in its response to a variety of organic
analytes. Brown et al found that the response of the detector varied with
temperature, duration of heating, oxidative atmosphere, etching of the titanium
wire electrode, amount of doping on the TiO, detector and solvents. Similar to Fox
et al this electrode system had low photocatalytic efficiency and cannot
discriminate between the currents generated from the oxidation of water and
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Kim, Yoon-Chang, et al., Anal. Chem, 72 (2000) 3379-3382; Analytica
Chimica Acta 432 (2001) 59-66 and Anal. Chem, 74 (2002) 3858-3864 all relate to
the determination of COD using a photocatalytic oxidative degradation of organic
compounds at a titanium dioxide particles. In Anal. Chem, 2000, Kim et al
investigated the use of translucent poly(tetrafluroethylene) (PTFE) membrane
having fine particles of TiO, absorbed or entrapped onto the surface of the
membrane in combining with a oxygen electrode as a possible COD sensor. The
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Summary Of The Invention

To this end this invention provides a method of determining chemical
oxygen demand of a water sample, comprising the steps of

a) applying a constant potential bias to a photoelectrochemical cell, having
a photoactive working electrode and a counter electrode, and containing a
supporting electrolyte solution;
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25 the low oxidation efficiency. It is an object of

this invention to overcone these shortcom ngs.
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sensitivity of the method. Low COD content is important in testing water for
suitability in drinking and cleaning applications. By using this technique the
measurement of milliamperes of current allows much greater sensitivity in the low
COD range.

The method of determining the chemical oxygen demand value of a water
sample may be determined under exhaustive degradation conditions, in which all
organics present in the water sample are oxidised. Under exhaustive degradation

conditions the chemical oxygen demand value can be obtained according to the

steps of;
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prior art method cannot be used for | ow COD sanples
due to the insufficient 25 sensitivity of the nethod.
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suitability in drinking and cl eaning applications. By
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dvae kg orlgdooha L frpoh he total (Bharge to determ ne
t he net charge4@Vet 5 for the water sanple; and b)

I ch d d I tilisi
ca C%ijff %ﬁ%&%yqﬁoxygen emand val ue utilising

for of Qz) _ QFV x 32000 (I)
wher ei n Qnet F ndaradays genstant Far adays constant 10 V
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con itio t he oraanlcs BLese
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iNuminating Workmg electrode with a UV light source and recording the

limiting photocurrent produced from the partial oxidative degradation of the
standard solution (i(2)); and
determining the chemical oxygen demand value by;

a) calculating the current for the water sample by subtracting the
limiting background photocurrent (ipackground)from the limiting photocurrent of the
sample (i(1)) at a predetermined illumination time according to the formula

i/sample= (1) = Ipackground;

b) calculating the limiting photocurrent for the standard solution by
subtracting the background photocurrent (inackgrouna) from the limiting photocurrent
of the sample and standard (i(2)) at the predetermined illumination time according
to the formula:
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limting background photocurrent (il background)from

the limting photocurrent of7the sanmple (il(l)) at a
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The method steps for both the exhaustive and non-exhaustive degradation
condition may be repeated as many times as required to analyse all necessary
water samples.

The potential bias applied to the elecirodes is preferably between -0.1V and
+0.5V. More preferably the potential difference is between approximatsly +0.15V
and +0.35V.

A supporting electrolyte is used to determine the background photocurrent
and to dilute the water sample to be tested. The determination of the background
photocurrent measures the oxidation of water and this can be deducted from the
sample reading to give the photocurrent due to the oxidation of organic material in

| the sample. This measurement may be made as a separate measurement to the
sample reading or when conducting an exhaustive degradation the final steady
current after the oxidation is completed is a measure of the background photo
current. The supporting electrolyte may be selected from sodium nitrate, sodium
perchlorate or any other electrolytes that are electrochemically and
photoelectrochemically stable under the experimental conditions and do not
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and +0.35V. A supporting electrolyte is used to

determ ne the background photocurrent 20 and to
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TRER ARG s "ot O AbeihaaRaR Bl oIk ebiene tes uration

tdagerdwdly emalllperibtinal steady 25 current after the
neasur e of the background

oxidation.is conpleted i . gr.

ot 416 SRR el DR Y AEDY SouFes MG A photo
istehsiH Fbetwesn B&ded Hndr RIDeMWERH. UbrelRBfhNY Hefréuency
Ogﬁ{ﬁl%her electrolytes that are el ectrochemcally and

t 88YTCE chiehvegn aproxiataly Grg85mWemex per i nent al
condir iiRe PadbeBLthB Preddat %Qgﬁﬁd?ﬁﬁ‘ggigg; Egr@g%%{?&@%égl

8 absorb UV radiation in the range

agepapRATalS fordetemmiping oxygaradsreand efa watdnsampte whisk cansists
ide linear range while still keeping the test

duration to a relatively small period. The water

sanphk a epswingreslifyr haldingra sampte foybesandlygied sour ce

havi , [ [ | d .

Lo B0 Bskye Db DR UG B o8

shidgtell, source i s between approximately 6 - 9.5mAm 2.

I t.h t, ti L

phot 867 BaT SR PeifeoBet Ty Mo SiEcK. edpe Rt Rt sle e

phicgetiveleorkingy elécteodsat er sanpl e which consists of 10
[ [l f ho| di . I ob

e LEY WG bkl B UGG BB hetace, e

apolisd poteplifl Ghtl Qipalineposemenn said cell, c) a light

source, preferably a UV |light source, adapted to

i || uRl HAFNtMRASUGRG MeRRE fo@eapirithe PRrtacyTeiat ifs wyrking

Hanbleler BR2FSgEL control the illum nation of the
wor ki ng el ectrode, the applied potential and signal

meas fr @RalSISeNEGDR r EnderaquMeRgurR afsoxygenedemaed tiam the
PhAkagIEmBREs hdd BEHtkmeRAeaaiiHgthegiect f odes )

anal ysis neans to derive nmeasur e of “oxygen demand
ArERMUINNE reference elecirode is also located in the measuring cell and the

working electrode is a nanoparticulate semiconductive electrode preferably
titanium dioxide.

In other embodiments the measuring cell may be a stationary cell with different
cell geometry and volume, or a flow through cell with different cell geometry and
volume, and with a flow rate adjusted to optimise the sensitivity of the
measurements.

Brief Description Of Drawings
To assist in understanding the invention preferred embodiments will now be
described with reference to the following figures in which:
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20 neasurenents nade by the photocurrent neasuring
nmeans. Preferably a reference electrode is al so
wO omangsios n t he neasuring cell and the wor ki nBCT/AU2004/000438
el ectrode is a nanoparticul ate sem conductive
el ectrode preferably titani@&mdioxide. In other
enbodi nents the neasuring cell nay be a stationary
I??BH vviht hsdis‘chemﬂt I||Uﬁﬁ?jﬁﬁfh:¢| @‘Qﬁéfahalil?/ti(mhdigmal gmattmn far
ow t ro Wi t i fferent 0
Vol e, s i caeioa o vaeE Capad s ARl thdopne
Rgnsi tivi $¢he<hﬁatrchﬂ theTR@BUnENBabS of ;Brdt@éle&mehmal astechion
Drawi ngs 30 To assi st in understanding the invention
pref err ed®YEM®di nents will now be described with
%fﬁr encesdamatr diddrbRverige ghﬁééléétrdadhe\ﬂhd:él yatdiQstationary)
04/ 088305 PCT/ AU2004/ 0004 Fig. 1. is a
schenat i cc8l qulﬂ'él'? ienBeniof the anal ytical signal
MHger ati OiQ Lhemdtie cfd%s%@@tldmﬂ"g t‘ﬁﬁJ la%ﬂ&ﬁﬁo@l@&?&&ﬁemlcal flow
doft|3|nvent|on Fi g. Schemati c of
i nstr unen@@\ltacmromg ﬁ@l’fblsd@\r@@mﬂ,ochem cal detect | on

t .
A ool copistrat AR e pit REAThAbeIEFochemical flow cell.
ﬁlgl\/c”e nt i onFlIARMgnifalds fos san@mmsuppodmﬁe@mte drediondn an

o tni s BRARSROEpAREHRE R erlod oo sfE8H 1"

Ridgni - | ayeGran’mnabeépeestemmﬂmmfmh e‘xhaustweldegradbtnom g. 6.

[ nj oot ororioarenRERETES bR BRRR G iR el finc

det ect i ongtay@dre solufibgs. 7. Graphl cal representation of
non- exhaustive degradati on tocurrent/
Bogh i1 oo BhotedupRTrSoRo s Bt e sBoR COaRRILAGE of potassium

standard mlréddrPpsthalbte ﬁ«scg@ 181 NGOt OPHbtoaRTeNEIBE ROTH/Icm ™,
of a solution contajning %P]\éof pot assi um hydrogen

pht hal at eABRiigd Gmiermai\ﬁ'ﬁ%”c Voromddsity: 9.1
'2;  APkLgEs @&ta%hg@bf BicRfic cb%p%wdy%aﬁ%ly\gu

Ffg. 9ii -Ccurves for a range of organic corrgounds
P

nanel y; | 1= pchiaiophep®lencl ; 2 =-PORASHER hmﬁoayra Hhatate;
pht hal at €3 = yethanol: 4 = d-glucose;

5 = malonic acid; 6 = succinic acid;

7 = glutaric acid; and 8 = glycine.

Photo intensity: 9.1mWem%; Applied potential bias: +0.20V vs
Ag/AgCI.

Fig. 10 Photocurrent response of (a) 0.10M NaNO; and (b) a solution
containing potassium hydrogen phthalate and 0.1M NaNOs. Photo
intensity: 9.1mWem™; Applied potential bias: +0.20V vs Ag/AgCl.

Fig. 11. Q -C curves for a range of organic compounds, namely;

1 = p-chioropheno; 2 = potassium hydrogen phthalate,
3 = methanol, 4 = d-glucose;

5 = malonic acid; 6 = succinic acid;

7 = glutaric acid; and 8 = glycine.

Photo intensity: 9.1mWcm™; Applied potential bias: +0.20V vs
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20 3 = nethanol; 4 = d-glucose; 5 = malonic acid; 6 =

succinic acid; 7 = glutaric acid; and 8 = gl ycine.
wehetossdng ensity: 9.1 mAdm 2; Applied potenti aPCTYAESN04/000438

+0. 20V vs Ag/AgCl. 25 Fig. 10 Photocurrent response

of (a) 0.1 OM NaNG3 and (b) 18 sol ution contai ning

pot assi um hydrogen phthalate and 0.1 M NaN03. Photo

intensityAg@gmlthniz Applied potential bias: +0.20V

[ A 1 r ange ,of

AP1AY o0 Smsufbinsetiash ppchitienta) Cab yRub s Shasr coD

got laSSI umah.}a:ir(egelmmttbh@érdtt@st soRfiod (RHPE t(bza le'nthéklc’COD
ucose; oni ¢ = succi.nl c_aci

O a7 0s Saie oMo Bibiee contriatio SLaLsaTpouds used in

mAEm 2; lreeyd potential bias: +0.20V vs WO

0Q /0883 PCT/ A 04/ 000438 10 . Fi 12.
F{Zﬁnr el at |C6W‘B%ri5\% &5 ARg spayent q\%&@é’“%ﬁh@g (dichromate)

st andard iR datatie: of@@é[ Sgga@t andard test solution
(KHP) ; Hg a synthetic COD npl e contai ni ng equal

Figol14r co J&ﬁ@@la@tmhe@fcahdwe@mnp@@m@eug@&amﬁles shpglmgepeak
8. Fig. %rg@; e PECOD and conventional COD
met hod (di chromate In the detection of real sanples.
Ftp 14 W@e@m@mmhd@tarmldeh@mf ©aDofalusyfot thetsyathetic

exa Ies [

oo s S IR fuaitatlR releRoficHis BEteRh AT otk neignt
for the sndtdoecemtratoanpliest or@abuctcbmpquadﬁ.l b thevquantitative
rel ati onship between th eak hei ght nd ..

concentr éﬂagﬂnsﬁm\'\g%tyvesp p%ahggﬁ@gmggﬁe?rsycql OD. (c) the
quant it atdomelaubﬁlbatwsymshe PHIDDRAA thdteettefROTEfod e and

t heoreti cal correl ati on between the

PECOD anc?yf‘WQB?@ng W'ﬁ%r the 15 synthetic COD
Fleerd Sa”@e%ﬁsofé&relﬁnoﬁ%’h@ééh PRCOE &td &shvealivks edirRidhod

and conventi onal COD net
(dichromaie).

Detailed Description Of The Invention

The preferred assay method of the invention takes advantage of the highly
efficient photochemical properties of TiO, nanoparticulate film elecirodes to
develop a new, rapid, cost-effective assay for the determination of aggregate
organic properties, such as oxygen demand and in particular COD.

This embodiment is directed to a method of determining chemical oxygen
demand of water samples utilising a nanoparticulate TiO: film electrode. It will be
appreciated by the person skilled in the art that other nanoparticulate
semiconductive film electrode may be utilised in the method without departing from
the essence of the invention.

The assay method of the invention allows for easy quantification of electron
transfer at a TiOz nanoparticle film electrode during photocatalytic oxidative
degradation of organic material. This approach overcomes many of the current
problems with existing oxygen demand techniques.
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(dichromate). Detail ed Description O The Invention 20

The preferred assay nethod of the invention takes
wa@eooansssge of the highly efficient photochem PEi/AU2004/000438

properties of Ti Q2 nanoparticulate filmelectrodes to

devel op a new, rapid, cost-dfifective assay for the

determ nati on of aggregate organic properties, such

as oxygen demand and in particular COD. This

embodi ment is directed to a nmethod of determ ning _
chenil Baphelegaialytic pxidgiemarpreachier 8O datsrmination Liilizes JiO,

BBk a1 B3add S RNSE ) B g Berowomat

apd permangeanasa. t illgminatien o&iCzowithuphotess ivhbae ehergyisdgual to or

e B e T

valenes banth taathe@apdictiondzany (speaffipi 1). CEtis pronadtee be etacton (e)

R P PR S G e v

Thie photoholeeis @nealf theTimost puweHoboXidiessrduene stsmighy baidgabe

curr.ent blens with exjsti oxygen demand | . )
PEUEHAT a2 Rre Tae8) o Bas BT peAngs Sa st ciem e
niiheraieibs lof brganfxéshagdupds ape te trehstionl dddation power of
etermnation utilizes Ti02 particles as
pgﬂ@SSglﬁt alyst to replace the traditional oxidizing
agent, e.g. dichromate and permanganate. Il lum nation
of Ti02, with photons whose energy is equal to or 5
MARERMATICAD DERIVAAIONDap energy, will result in
pronmotion of an electron fromthe valence band to the
condtie¢ methdehoitteterednifig gherical Btygen pleorant e water samples,

<5808 tibbembie Lifes PhRtEReTourEnEe amaf B Farde)
gpheratetiot@m iphotoeechrbeiidiricansddaioseedradation af @rgamic@ompbonds
andr%?p potential (+3.2V for anatase) . The

its high q .
aﬁﬁBta@@g’f'ﬁ?ﬂg ‘can | ead to stoichionmetric 10

oxi ot BroRERR; peLRARIM SRERRUNCTEN Rebrlds bh Fi'dBke of

rézERI bitratioorof phetostecirods afd Helesr WVithi traglitidmah i€l phokgogéatysis

N VTN T I ————

adbarbge ppecener at ed from phot oel ectrochem cal oxidative

degradati on of organic conpoun_ds as an anal yti cal )
Si gnéﬂ'_lOz nanoparticulate film electrode is used as the working elecirode in a

three-electrode photoelectrochemical cell. By applying an appropriate potential
bias o the working electrode, it becomes more favourable for the photoelectron to
be transferred to the working electrode rather than to the adsorbed O,. The
photoelectrons are subsequently forced to pass into the external circuit and to the
counter electrode, where the reduction of oxygen (or other species) takes place.
The photocurrent (or charge) is monitored and gives a direct measure of the
oxidation of organic compounds. In effect the assay shunts photoelectrons
through the external circuit to quantify the extent of oxidative degradation.

Separation of the oxidative and reductive half-reactions (Eqn.s 1 and 2,
below) by imposing the electrochemical potential suppresses the recombination of



The photocatal ytic degradation efficiency at Ti 02
depends on the degree of reconbination of

w@bwtogddext rons and holes. Wth traditional TiB2I/AU2004/000438

phot ocat al ysis 20 systens, this relies on how fast the
phot oel ectrons and hol es arefconsuned by the adsorbed
species. A Ti02 nanoparticulate filmelectrode is used

;ﬂmtddh@ctmts Iena%ao@seow DeBuit athd Mg?@dﬁloﬁfém@%y is enPanced
roche ng an appropriate
RBABh ST BRRET 8 b el OB R e oot
|nmﬁ@nﬂawmr@t&oﬂcémraﬂoh%snh@m@ o Fdduetiort &t tBe cBGnter slectrode
ansf d to the working el ectrode rather than
W'h@e\éﬁfi@r E@&af@i'm'mstea %gl?ecr\/@a"rma%aﬂ@n@mu dihupy
dveFdoRfing thelstfod akt%@olbﬁw%f@kk@éérf?gu&ﬁdn%élﬁ Q'Péitetlﬁ’hlflr%?tep in

counter el ectrod wher e t uction oxygen

the RBetogydRiRsyf arggie Materiad.  The phot ocurrent (or
charge) is nonitored and gives a direct neasure of the
oxi dation of organic conpounds. In effect the assay

4+S pho Qel ec ons,30 throygh the external circui
e hvltgﬁq 5(4dble z{tt eflt of %;(I g%?(ud@_ﬂ (aﬁ)atLll‘or‘r;}. 0

Separat| on of the oxidative and reductive
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ect r ochéfi cal po entl al suppr ess¥® t he recontdi nati on

M&ggﬁ/ﬂ%ﬁg%mg%@gﬁOM/ 000438 12 phot oel ectrons
ol'es u

a-res he degradation efficiency is

Teﬁfmm&%kctrobﬁerﬁféél $ystdim dbsdtbedpere tavpe u%@@?orttﬁ‘/@ diffdrént

of deﬁradatl on of organic materials is ependent o

de9radGHieR Aodglsi nexhaysiyRandpen- ©¥h9ftl§ﬁ\tﬁ:ﬂ$3fﬁda*!0rt H&ith
eXRAIELRE d%E%bﬁ@Weloo% bt thB?Ygfefm@&nélﬁ@ i ﬁ{e%dq‘\ﬁbgé Ehsumed;

st ep of e overal egr a I On process
vétheladomihaystiveedgaradationr @nlba@maélrffa@tlomywab@myt@m

c@ﬁéﬂﬁe@aﬁ@ﬁ§ céﬁc{@niﬂaﬁ&’n ﬁﬂﬁ@ bh% S0 lﬁlﬁn %Qﬂéﬁ}gﬁsg ﬁaﬂg H O

organic materia
ugehangediF The)formds lwaalggow@mmu@elect(mm nadsich all ef theerialyte

Seiebliossd S Fdguags Kl e B Mty GhREalpg bl
ndesuphg theethecge pmem thal latterds amalogacrto etherboeficansthbes

s e it i s S By B Fetovot pess transter
t®m8&|6¢trode sﬂsefgcadm drasd Hifbenkr, the cledrgaeLe ANGOYNUE iB the

03 EB{ ? i<;:§rg)nsumad with non-exhaustive
%%Eir & 08}?0 "B NIGAIHREGSSPF act i on of avail abl e
anal yfanitfe é%e&%‘ﬂ?é* H@&a@gﬁjor{ %8??19@8%‘8 dy84! 8 chrde®) can

bul k sol ution remal ns”esse
be measured by the integration of photocurrent W|th|n the degradation period. The

analytical principle can be established using Faraday’s Law:
Q = [idt =nFN = nFVC (3)
where: N = number of moles of analyte in the sample,

n = number of electrons transferred during the photo- electrochemical
degradation,

F = Faraday constant,

V = sample volume; and
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unchanged. The forner is anal ogous to bul k

el ectrolysis in which all of the analyte is
web@enssshysed and Faraday's Law i s used to quanCT/Ay200e00438

concentration by neasuring the charge passed; the

| atter is anal ogous to anperi@retric nmethods where the

anal ytical signal (i.e. current) is dependent on the

rate of m@ssandlipesbaceR@ition. t he el ectrode surface. In

our case, however, the charge/current produced is the

r esulSincsfTiopoxigises Organiheniaundp to fesfuds oxivined fartreof carbon

t t I h e

(b0, e R B B o D BE kit "Eaf 528

therefove bersad tmumtmy theanaefge eofmentatiqrer i od. The

anal ytical pri nai iD ? ? be established usin

Far alfhlfincipaygnajgicaliiusetyl photagents fengharas) qmg}eeobtmned

fromiTReY pRdtoBM R cREMRAAN Nég?adéblé g eééérpf Re TID; sy8itMPBfoposed

of electrons transferred durin hot o-

'%P@&W%%@ﬁ‘i“é'ﬂg negeyy AR aAgABIS, orgowg rmxé(ﬁiy ingsganiagpecies (e.g.
vV
pc'r/ Aum%zwo%&qwm res%@ét e 58 e&g%é%ﬁn can be employed asa

C = anal yt centration

"gnivessaldeteckicapatls ob Aefaniing anntmpatnds thaticantbel | y
id@l&%@cﬁ%ﬁé%oﬁ@@%@ Q’Ea a ﬁ'L eetdeé@%kE I1h Bgm\ﬂﬁ”nla'rlgn Rithgh @

gl ven conpoun
appeneiaty sefscaticesystem (RAMRKEG), theeccma:ahtyate)n of individual

a%%argees”éefn%é ?&e Rinb§. Principal, analytically useful

ocurren or Charge) can be obtained from any

phot gy glRs tof Qét’i@ﬁ] Wwateh yudligikagEba R ﬁcﬂl@x%ﬁéontﬂl ethér'e@fgct and

system pr oPose i s capabl’e of oxidising nearl
%’ﬁ@%ﬂﬁaéo%P PWG%"G&&'XM%&%' qrgRIHeFalsHeh 3pELEED QreB@D anplysis)

& oftésh moré\'l'eroMtHan thé‘ ahglgés b?§|ﬁ I%ts Fi!é@ 4 g@;?%f&ed

system can

mamtﬂcérogiﬁem@ﬁbwtaﬁ@ lwabl@rqfd@tﬂumlmmmu@mggmﬂe properties
b&%‘&corrhgnﬁ ?@%&%nf%sb?éd‘ﬁ‘dn‘?hr@%% gﬂot@ quctfc!cﬁg?;nﬁc

ropri separation sys em
degraglabldRtaDypoutde Mﬂ)mmmml(ﬁqndo i ndi vi dual anal ytes
can be determned. In terns of general water quality
@ sgues-rang pal,l uti on control® the effect and
quantificati'on of aggregate m xtures of organics (such

as i ana re oft en

ool PRRTHE Ty Snpoedp L fab Rl ron gnster tha
regudpdieedthe degradation of all compounds in the sample. Given that oxidation
by O, can be represented as:

O,+4H"Y +4e”— 2H.0 (5)

where one oxygen molecule is equivalent to 4 elecirons, the measured Q value
can be easily converted into an equivalent O, concentration (or oxygen demand)
value:

Equivalent Oxygen Concentration (mole/ L) = 117%? (6)

For exhaustive degradation, the equivalent COD value of the sample can
therefore be represented as:
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such aggregate properties by sunmm ng the charge

wore@s 088305 f r om i ndi vi dual phot o- el ect r ochem caPCHAU2004/000438

degr adabl e conmpounds within a mxture (Egn 4). Qidt
=FV Y, n.C (4) 1 20 The nef@sured charge, Q is
sinply the total anmount of electron transfer that

resultsfromth@de ation of all unds in the
Hhpre/ L %%6‘%%“ on by 02 ca%ge repr esent ed

as: hE c"a'é"é o? e ﬁamg d%é dgﬂﬁ, ag?ﬁ%%g’%%ﬁt'%’&sh&?

nnle cule Ts equiva fent
hegvern thephetocuentand lhse aooeardrationl of Hﬂemrmiyte gan balden¢loped

oL ReEROR SO -ERor e DR AR B Moy 8IS sl A, o

Bacthand i ReFdagnerd Eleodmch&nwealduethna:t-ﬁundmmadmtﬁAp;ﬁhcatlons

B6 17BN 5aBdie A G956 iR EERons S rerchy cppyecton,

tke rat@200@sg TansféFUN/dL) tden elsttodd isrtiecthx propdttional to the
degradation, .the quantitative,  relationship between
ctng %@ng[ﬁql%'ﬂtatg?ﬁi teﬁtéoc}@ @ﬁ?ratl on of the analyte
can vel oped using a well - :@n sem enpl rical
trea =6iCSt €aty= D at e Mass Tr%hsf er J. 5 Bard
and L Faul kner, El ectrocheni cal

wmaom& Eorsatratiomb mmiyténpﬂhbmm g@ion; John Wley &
Sons, condi tions of forced

conve%"t i B?f’ce”¥vﬁté°’? th%’ai\f q?‘?cérﬁgﬁép rfaemy dt) to an
el ectyr Q%@aésstré}ls?&%bﬁml%wp It BQr‘aiae{not l?(ﬁerF%ul

concentration adi ent at the el ectrode sur ace
eﬂzcgqi@nu@l(l\zer B69gs-F w)danmnta_l@nd/fmcat@msﬂohn Wiley & Sons,

CORE SBL &k 0Bl \mb ¥ eu(? @ lz:r“a fﬁ,;%| I d RS any 5.2
concentration of” ana e e surtrace; =
rraﬂmkn@wm‘fsagi’ta@éfa&em ent [A J Bar d and L. R

Zgg: b, \r/‘]ﬁner %ﬁf ll@%\%%ﬁf@%@@%@%&&%@e%%satel:ggtgggaﬁrt])tlaasl arg%gnployed

and the overall process is controlled by mass transfer, then, Cg(x=0)<<C;, so that

[Co-Cs(x=0)1=Cp. The maximum rate of mass transfer, (dN/df), is achieved and the
raie of overall reaction equals:

Rate = (ﬂ) =kC, €)
dt )]

If we again assume that after photochemical oxidation the analyte is fully
oxidised, then the number of electrons transferred (n) during photoelectrochemical
degradation is a constant, for a given analyte. The limiting photocurrent (i) can,
therefore, be used to represent the rate of reaction:

i, =nF4 (ﬂ) = nFAk C, (10)
dt )]

where A = active electrode area.

The development of equation 10, by the current inventors, leads to definition
of the quantitative relationship between the limiting photocurrent and the
concentration of analyte and can be regarded as the principle of analysis.
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Inc. New York. 20011 which is = DS, where D =
di ffusion coefficient and 5 _ 15 thickness of

W@ e@gnsasns | ayer. When sufficient photo intensiPgr/anzho4/000438

adequate potential bias are enployed, and the overall
process is controlled by masi$ transfer, then,

CS(x=0) <<Ch, so that [Cb-Cs(x=0)]-Cb. The nmaxi mum

rate of mass transfer, (dNdt), is achieved and the

rate of overal | reaction equal s: 20 Rate = (dN d t i

= kcTh@najyicgleriaginiencansaanai be appliegfto setgsminecdreentrations of

nﬁ’dﬂn&'@& 'aﬁ?lyﬁ{% Safd eENkSs! as“l.{nWelré/al” c%?%&i'gﬁ %gsteﬁﬂ & s Qggregate

ectrons transterred
nﬂih@fﬂ?@f&fﬁmﬁﬂw@%ﬁ@@rmm@e@om«es Sl.l'ChI as GODQnWhalet forfhoka 0

L e A W AN
appligatior: oﬁthe ﬂnddmslfrmn foFvikilaQld Of ththe deteldinattion ©f 80D that

T vel o msnt 0, uation 10,
B {eH o84 ESRG SFn DL e S RN RBGEY IrheBR o8t the
nmpjlamﬂqlmgaes vStanégraltahrramlbalmri@lehmematl&ﬂftédﬁﬂﬂ UetGGnay %e used to
t 0 tration of anal yte and can
FRTREEEID £ Al riiGe DriPoabiopuren mipcuned n &
pEOﬁél’d&&B&%mE’ﬂEfeAUﬂMﬁ 80aASSartidfaté Mo, sailcyhitcdive electrode
| e can.again lied to determ ne
"ﬁ{g‘ﬁ ?f{) L AFgHbegin m%@pQ{éﬁ@ﬁ,OV‘énal ytes (and serve as a
"uni versal" detection systen) or to aggregate
m xtures of organics (to determ ne properties such as

MEIPIOD \BF beETERMINING d®D5 above may all ow for the

eneral determ nation of analyte concentration, it is
ABN DFaTiCa ELECTRE@DEI ndi ngs from fornula (10) to

ghe gﬁgt%gasn@ﬁ@géc%&lﬂ that assists in addressing

nor € of vant ages in the prior art

ATECTEFILER 5 AP GIBLE Es LO A5 e

depapise, thriddm Bel M hiid 2¢ig splhmmumarr@rgormw@@at fdofh 10

ks it AR Py J@haisabe Al WS e i aé%t%&@%éash

td abtEed bt Ridn. Deiohfid e ibreddTERLIL M2 fi3ept
R o, e Rbloflel e el e IhblL MR iBeprizes
PMgledes. For better crystallinity of the nanoparilcles the colloid was

hydrothermally treated in an autoclave at 200°C for 12h. During the autoclaving
sedimentation occurred, and the particles were redispersed by sonication. The
particle size is in the range of 8 to 10nm as characterised by transmission electron
microscopy (TEM). Water was used to adjust the final solid concentration to ca.
6% (wt) and carbowax 20M (Merck) was added to the colloid in a proportion of 1-
50% of the TiO. weight. The colloid thus obtained was used for the preparation
TiOz nanoporous film electrode.

A2) A 16.0 cm® of isopropanol (Aldrich, AR grade) and 50.0 cm? of titanium
butoxide (Aldrich, AR grade) were accurately measured into a 150 cm® dropping
funnel. The resulting solution was added over 15 minutes with vigorous stirring to
600 cm® of ultrapure deionized water (18.2 MQ cm) in a conical flask. On the
completion of the addition, 4.0 cm?® of 70% nitric acid (AR grade) was added into
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Al') A mxture of 12.5nml titanium butoxide and 4nil

i sopropyl al cohol was added, drop-wi se, to 150m 0.1
wORMWIHH8E3e5 aci d sol uti on under vigorous stirri NECEHAURMSN00438

tenperature. After the hydrolysis the slurry was

heated to 80C and stirred fd6 8h to achieve

peptization. The colloid is then filtered to renove

th@eolntmpa@alpepﬂzﬁ@ ag@gl aumer at eslutibowab@hinefsed in a hot water
the colloid was

al | ticl
HR e el S sie CPaPaR sl CAidire APDBRIRY 400
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and_the particles were redi spersed soni cat | .
Ysar e sizesiof éhg E'qzﬁYBWéS'ﬁ%g@CW'ns tQ isl piogedigre were in a

rg,%@@@u@,%. by transm ssion electron m croscopy
Wat er was used to adjust the final solid

CONCEAE caNdigA 1t,@2 ﬁl%pa?e'éi £6vE Wak aﬁ?%dﬁﬁ%ﬁ%l%“ﬂea?tor (Parr

(Merck) was ad the coll ol roportion
bwm and tantoclav@g fWe1 2glmurs #h20@°61 hafore (Idmuentmﬂnglmreairom

LaB8alsn BUMEREIGION e RS 8B Bopon o
Tg@avye)ghaemmmem (e 1@y ih 50 Bnénahof 896 colididke sbINtldn) sffCarb&wax
{
ceiBT 4 B s B BT P Pr PP BT BAOMAE B ded
over 15 mnutes with vigorous stirring to 600 cn8 of
ultrapure deionized water (18.2 M cnm) in a conical

B@fhm%&“%iaoa‘:%ﬁbe&’ opToidiEsdieq | 'n?IQ vo S
438 . 16, th t
A IR B S d SR
smtmte fdrammobman@ﬂoftbog@@mred Joi get ectléamwra@@ltﬁé MO glass

Sl 137 BT e R i R e e el iater

teH Q@&e&!ﬁﬁ@ﬁ kthd 1O sll@&masﬂﬂ@ cob#85n e shRelddgidal solutlon from
synthes accorg to this procedure were in

ﬁfiaﬁia%veof : CPat@ﬁcﬁ" sFahen erlsngaIn Firoilp m,raa@ee@ %\5@0 to
8B RJrWto' S'Dfﬁ”r@%é?ﬁélé“éﬁe fggﬁzb in Un hBHrhs ché’r%@en?@ by x-ray

aut ocl aved for 12 hours at ore concentra
défactionatndrscaneing giacioo microsespy((RIEN),is n‘eihalramg‘agoﬁ ‘rOmn to

180 B3 PG AR Bhi R0 iR il Bt A 0l
1. e e U R IR R

c@)thm&hbnlfrogs‘raﬂus_ﬂrpaﬁcléE. OO collvidah codidggcustion] Ban A €bove,
N PR S S
ppar tbiacdipsoaflity pecess 1ol avhieve Wrdonsistant areprbdugibRsSiSomogeneous
mixture. The ITO slide (conducting glass) was used as the electrode substrate
and was pre-treated by washing in turn with detergent, water, acetone and water,
and finally dried by pure nitrogen. After pre-treatment, the ITO slide was dip-
coated with the TiO, colloidal coating solution using a dip coating equipment with
withdrawing speeds of 0.5 — 1.5 cm/min. The coated electrodes were then

calcined in a muffle furnace at 450°C for 30 minutes in air. The nanoporous TiO,

films with 1um thickness and anatase crystalline structure were obtained. The
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15 slide was pretreated by washing in turn wth
detergent, water, and ethanol. After the pretreatnent

w0 40830351 i de was di p-coated in the above col PCi/dER004/000438
solution from Al, above. The coated slides were then
calcined in a muffle furnacd7in air at 500 to 800C
for 0.5h to 30h. The particle size of Ti02 on the

fifrn$ with differant titckrissdedyaxbé ay prbipbfdoast cartrofing thE W‘tﬁdl’%&nng
el ectron tghd!osc % (SEM is |n the range of 10nmt

t

spBed e REPUGt i | e/ anat ase phase ratio is in the

ang 1.to % . B2) Ti02 fil re prepared in
HeFag%t‘é'?ﬁ ﬂ@n%ﬂ@eﬁ?t?ﬂcﬁ?m'% é‘/\{Es(yf"l'?‘am nati on
f r omr@ustshows thecsstpmalic@? tHohbiriditalcsaUp g tifeo! ut I on
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d
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wat er, acetone and wat er
tonflluméstgdian oﬁ\meelecﬁsmeta{efapﬁeﬁthght mlttsmas usee tmtmi |the ON

aﬁ@?ﬁﬂof‘%é Miuhfisatibin02 col | oi dal coating solution using

I'p coating equi pnent with w thdraw ng speeds of

0.5 Gellr%{%lb? th'ES‘cJé cf%%h&ﬂ%?&p%bﬁ%{e%ﬁ?@ ﬂé‘é@‘?m 4% atftee-

cal ci ne ur nace a es I'n
eactrodahechmlmc@imll ViithZa qdartzrveingew For llluminafiak nBss Tiandilm

B R0AE BaS st 35 sbihidb WaBel B o B 850 E e PRedlen fo be
ekposekirie sisesolotion foeillgnmmr' _ nba?Rgpg?mgaggt)?ﬁ%mlcghe%gtlo; aﬁl\
sdubalsd RN RRGBHe FHf i atnifs fiafh S35 btk ettneTeRiG e and
coinseselbeirmicsregfediney] mxdltamﬁmgvépsl'?éﬂr}]/ mlal %Sr,h} \ﬂgf Fged for

hot gel ect h I tection
=REi=85 FretiSGHR Dlrsih 52 Y Sl PreNGHT i eaashP T ghe Potenta

ah@ @m@u\/yngdals‘ WEkeSieBOrde8NBRY a(MEcna@@MVcaﬁ»qu@I mmzom
tical _Instrunents To avoid the sanple solution

CB%?'%t%M‘?@@blﬁPOthqrgﬁP? $HRipstiugrants)t he 11 ght beam was
assed an UV-band pass filter (UG 5, Avotronics Pty,
i mi LRRIMEERPERMSRHIRACRHRIS®At i on of the el ectrode

mgrfemusﬁveio%traééwﬂ gbnd@dnysed to control the ON
and OFF of the illumnation. Cenerally,

sedpyoel echiahe @ygt@hq @&@?u;b (geetﬁg weref, the %Dﬁﬁéfﬁﬁ%b%cﬁolyte
three- el ectrode el ectrochem cal Wwth a quartz

SQiHeibwAs BrMPRd tiprgh therphoteriectioghemicaheelifadbinrlayry ortls A
blgﬁ?ggﬂéigﬂ?fgbbféd‘v%%%é/ﬁG@l ReLEREe YettodPwal afpRi® dfdd the

stable baseline was obtained, the pump was stopped. The photo shutter was then

switched on to allow UV radiation to reach the electrode. The photocatalytic
reaction occurred and the background current-time profile can be measured (see
Fig 10 curve (a)). The background current (igaciground) Was resulted from the
photocatalytic oxidation of water. Integrating izackgrouna With time we can obtain the
background charge, Qgackground.

Step 2: After the measurement of Qgackgrouna, the photo shutter was switched
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exposed to the solution for illum nation and

phot oel ectrochem cal reaction. A 15 saturated Ag/ AgCl
web@ensssode and a pl ati num mesh were used as t hBCT/AU2004/000438

reference and counter el ectrodes respectively. A

vol t ammogr aph (CV-27, BAS) wggs used for application

of potential bias in steady state photocurrent

maepemtmow@ﬁ@mm@bolumd Gt Fop?ia%‘éér?ce\“rﬁéﬁon was
recorded nt osh cogguter 7220/ 200)
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the photaghuien wa%ﬁwntcéwgeone | B Corentiiiane priofilei wak menswred ltsee

Iﬁ 1 §tcaﬁ)ee(bgﬁafﬂe' cdlifrelPsut ﬁ#ﬂ@@'h@?éj tﬁ@@t&] Wto%ﬁﬁﬁwygwﬂ?\at

er was t
readtedtfrqm theooxidation of wateslandtargarecs. Thame ho thecattoakyby c

g Pea A i WG e B SRR b Lo () The

R TR e S
eXBamhgntaUdeanh andrtiee tedalchargeh Cain vatied wBlfi) thencdrgentratibn of

G Sh0E RTORY, e o, o i b o BREROB i T0)tha

réﬁOtéﬂG&&ﬁ;ﬂﬁ Mdtﬁ%@@aﬁ%@%& beldbtaihéd Bpdulstradiing tee

b@&ﬁ@éH GER SRR, Ly 2gpr o at e

eIe rochem cal ceII (It is to note that the
éta’v ’iﬁ?’f@"’”nq nj ect ed is dependi ng t he vol ums of t he
t.he concentr on of organics.in
%‘P@ s 91O R GRe R e b8 B UBI At St i thh pugtion (7
shesriend éetiphj or the 5 injection). Once the sanple
i njection was conpleted, the punp was stopped and the
photo shutter was sw tched on. The Current-tinme
@Hofms eL wag, e e@208ke Fig 1¢7)curve (b)). The
current obtainéd’here is the total phot ocurrent

F(léEQiorﬁbﬂant Bad Vv i RAsWA esmpeaBIRe oxi dation of water

organi cs. Sane to the above, by integrating iTotal
Rﬁpﬁﬁt“?g HEPSR angviloranglvelstngxt sWaplge, QTotai. 10 Step 3:

D@)nCﬁoht@aﬁ@gméauapada%h%nmgrOund is a

constant for the given experinental conditions and
ThReYsleMasetparafesantr as dpscripadiabavadee find - 6) except that a

neﬁﬂgu%wt& Suh il wsémsi f?)’re Sé me%ﬁgag e The

et” (the shaded’ area t hat
measurement can be done by using a standard addltlon method or by other

calibration means.

Step 1: The supporting electrolyte solution was pumped through the
photoelectrochemical cell (a normal flow-through cell with cell volume of 0.5 to 2.5
ml). A bias potential of +0.20 V vs a Ag/AgCl reference electrode was applied.
Once the stable baseline was obtained, the pump was stoped. The photo shutter
was then switched on to allow UV radiation to reach the electrode. The
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resul ted fromthe oxidation of organics can be
obt ai ned by subtracting the background charge fromthe

WO edoalossshar ge, that is: 15 Qnet= Qlotal (BackpeDanzho4/000438
The COD val ue of the sanple can then be cal cul ated

accor di ng to the equation ({® since in the equation,
COD (ng / L of 02) = Qnet x 32000 (7) 4FV Fis a

I’fd%b‘?attél o) r%%@tléﬁ bécukr@@%dﬁmfmb%ckgrbum curZéhtRRnﬁ)@plforﬁleg:an be
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mﬁg‘?e%tlﬁf&l e h% e%dr%%é’l’ﬁ%al%é‘mﬁ% folHoRs! et tH%esample volume
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th fsaﬁ%lg\(l?/ay&ozré@p@gé@?l%@r%&ﬁét@@ﬂ@tlcﬁ{ Bal HedequIRs prlorr] the

asel 1 ne was” obt ai ned,
mﬂuﬂpn)we@ncza ihpedmpihisjgstion was samplated dheaumptweas stopped and

il Ao 27 e <o oS S sER RE T WG oo Fi

mhakqb)a)t alhgtduerentelotained Imn&:lsrtlne:tbtdrmotdwrrbatd(gtb&)ib?ﬁﬂresmted
of il e, can recorded (see Fig 7 curve

fr?ﬁ‘)tg‘leto’f'j@ '?éeﬁr ?fﬂﬁﬁigmnécgt (' background) was
resylte rom t £
g o R e R A e e b, ik fhotp YRl was
s{gp@?g éfhék‘id glloum&g%r?lﬁd‘isdmpfe srfiditicanmdniaifing e appraprigte

W appr
corGBBEREN PLABIHE YA NBEEaaTS S e SRCEEInfoq BL Bhoe
t@%ﬁnél@% eéthﬁr mlﬁplé@dum puinil] wa$ eidppsd dag draipingo shetter

ume of the cell and if the conce

wes gaicesd PR Thﬁ@ugglﬁisptpr@e Reedile, wae ;ﬁcgfgte[dﬁgﬁe Efgo'; curve (¢)). The
cﬁHQﬁt‘b‘H’télﬁ%@ h%ﬁl |Httl*|e%ﬂhd'{ﬁé/ur%t (iSQMI.Y Bkt PsuRéd frbm the OXIdatlon

I'njectio anpl e injection was con{p
of atepang thesrganisspe fothraiigial saerigrRRddne Rdees aﬂgé
switched on. The Current-tinme profile was reco

Sised: Fi g Afferdoe aboYd)pasrRISass F@Qog)oqféh@@@ﬂﬂércgnige
LGt AlcoPAIRG A" &fiktiéh (fopt al ) that resul ted

The limiting current for each case (i packgrouna: ii(1) and i(2)), can be obtained
by measuring the steady current value from each curve, for example, at 45s (see
Figure 5). The net limiting photocurrents for the sample solution (i(1)) and for the
sample with added standard (i(2)) can then be calculated.

Net limiting photocurrents (or current) for the sample solution:
I sample™ i(1) = Iy background
Net limiting photocurrents (or current) for the sample with standard:

iy standara= ii(2) = I} background

According to equation (10), above, we have:
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fromthe oxidation of water and organics. Step 3: Once
the nmeasurenent of itota, was conpleted, the photo

webootnes30vas sw tched off and a 0.5l to 2. 5MCDAU2004/000438

sanpl e solution containing an appropriate 15
concentration of standard weginjected into the

phot oel ectrochem cal cell. Once the sanple injection
was conpl eted, the punp was stopped and the photo
shutter was switched on. The current-tinme profile was

yecord c)). The current obtained
Herie |2ﬁt)§1§ﬁ9%gtw@urre A@tnandard) that resulted

fromthe oxi datl on of water and the organics in both
Ioidg g ASGRPssamdt (BeDAdded SKEO O 20RO Rt}
After the above nmeasurenents, the COD of the sanple
whgie enFAKiicacapsianifor agiven experimertabepralitioon (10) The

-mén;_@Pr\gglgéj(gﬁﬁ@ggﬁgr ﬁ@%ncase (i, background, i,(,)

can ned by measuring the steady
current vaIug fron1each curve, for exanple, at 45s

(&3] |mt|ng phot ocurrents for
[t he éé”ﬁ’ﬁ'pll% rﬁi?idu{’}s I{ Ft(l jtyndaxdd for the 25 sanple
wi t h adde andar

(2)) can then be cal cul at ed.
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céarpotationg seiodgbate aray(bEutordliedavithifle %E\éﬁ‘) n‘é‘@ programming
0_ZLOO4/ 088305 P /AU2004/ 000438 20 i HJ

1L RRESS & g%mlBlr' ‘sanpl e sanpl e |fj st andaEd(D— I
I d anple +
[ CODY BTG AR SREEHETRLARIRS Wl ifeess pasiobIesHohaoah

|
r@a@gﬁf cldéfgmisql .e.cngk %hlﬁﬂ‘aylegh@fv?gp dfﬂﬁﬂpé@cel?éel? Cl'ﬂf%]%gf%én g assay

Ve a@aﬂ@m@w A felirwisg exampleso 4 for the

ext sanple. Lt will be appreciated by the person
ﬁ@%@@@%@%ﬁft@ﬂ Wole OPrHsing petagyyrerdonput at i ons

set DHé pﬁ@t@é%cﬂ@%éﬁ‘ﬁcé\@xﬁ@ﬁh@ﬁ Whd PerfdimeBRR QR A Ectrode

rogranm gD
electrochemicalbatch cell with a quartz window for illumination as shown in Fig. 3

The TiO, film electrode was placed in an electrode holder with ca. 0.65cm? left
unsealed to be exposed to the solution for illumination and photoelectrochemical
reaction. 0.1M NaNOj; solution was used as the supporting electrolyte. A potential
bias of +0.2V was applied at the electrode and limiting photocurrents were
obtained for different organic compound concentrations when the current reached
steady state. The limiting photocurrent differences between samples and the
blank 0.1M NaNOj3 solution were taken as analytical signals, which are directly
linear to organic compound concentrations within diffusion control. A linear
relationship between the analytical signal and COD value was then acquired after
the concentration was converted into COD value.

Example 2. Quantification of COD using charges

In this case the experiment was carried out in a thin-layer
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of a personal conputer. 10 There are a few operati onal
nodes with different photoel ectrochem cal reactor
welewigsssoi . e. online thin-layer flow cell, aneChavziv4/000438
cell) that utilise the assay nethodol ogy and are
denonstrated by foll owing exanples. Exanple 1:
Quantification of COD using photocurrent The

pmhgggahfiﬁhb{r@@ddnem §:§lsh(lﬂr¥rpflr i rrﬁngumaa agﬂr sonmdenttal Bias of

el ect rode el ectrochnem ca

G0 DS ARRIB ARG 2R NER Was LRI 28 SURTINY Rleghyiss Fipfly 2

2er@£ch>4 éleb@élg@tsromuenm nﬁ’jbét@@‘ihtb fﬂwe’ﬂhwﬁla@éﬁ rode hol der
unseal ed @osed

P@QfP%J?PTB?PhﬁHHCﬁl celwith atsyengeaed amﬁrﬂfé!a@é Be'miﬁ?'@aﬁrayms
w5§ art 408 blﬁk%aMdT@N% ﬁl%tHédrFHht\ﬂﬁ% profe vt reb&rded until the

upporting el ectrol yt A potential bias of +0.2V was
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signa ar e
exitayatively phofpelentiolgsatt e'Fher i \msswa\shddl \mtl'dslmp@stir@nelectrolyte

A at i ' Vi ,
oGP PR el DL B e Pat Py S e
gg@@ &wﬂp?]r:dli?cltagaﬂy’oimﬁq%z?wmhb@. i Treocha@iz ma‘:amcﬁ bERveasm sample
a6 50F BBt o 3k DR RS By Gicn s
dRE9H/ PESH AN P (hALLOD4/RRD 4D valuephas theh eletaroirteaii cal
cell 'as shown in Figures 4 and 5. A potential bias of

EﬁQ@ V@ﬁaﬁﬁmatm ﬁmammam amEElIAas supportl ng
el ectro

|y
e B leds B USRiE e by a RS ecaeBe BIsRLe  safutihisafion

aﬁﬁgéls Y iialy s%té%rwwlﬂc@rﬁéra@e@inwfﬁet@@Df‘dewt'n|natlon Wlth the
toel ectrolysis 5 was run as a bl ank samp

cpmbtn@bm pER. BripEnalie SIOP eelpawineden vaadeglien ?'% if'né»S case, the
i MBH%T' Eéﬁ\ﬁfesra‘ﬁﬁ%ﬁ@Ie%hf?@%assédﬂtr%lled-rﬂﬁg F%@'Z‘,Bht?éilmg system

ontai ning organi c conpounds
ab shewn duFign6 dax HRunmil mchigyes thedilankssaimple éR@;hlﬁﬁcgon and cell
[
R £ 235 Stot Tyeipar R, Miienel e or 0200
wabmppbed ammrvia‘s!ammwds seechdy sgpraring ¢ladirdiei (hignkisample).

(RO AP SRR LI SRR AR OB e,
phbelacirbytieamicaladell oy uniiet wed l:éauwmmm‘lt@hotqemrplyals was
rLImnEc\ée grb?ggkns%n%pqg. W;'é) gt%crslﬁr%ﬁt-tlme proﬁleQNas fecorded until the
photocurrent reached steady state. Then samples containing organic compounds
and 2M NaNO3 were pumped into the thin-layer cell by Pump 2 and the sample
transient photoelectrolysis was run. The photocurrent-time profile was recorded
until the photocurrent attained steady state, indicating the organic compounds
have been exhaustively photoelectrolysed. The cell was washed with supporting
electrolyte solution by Pump 1 between each sample. Integrating the
photocurrent-time profile gives the photocatalytic oxidation charge. The charge.
difference between sample and blank transient photoelectrolysis was taken as the
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gi ves the photocatal ytic oxidation charge. The charge
di fference between sanple and bl ank transient

w@bwtosdlect rol ysis was taken as the anal yti cal PGI/an204/000438

which is directly proportional to the COD val ue. CCOD
val ue was then determ ned. 1E Exanple 3.
Quantification of COD using charges and FlI A Besi des
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on al ni organi c co

Uﬁ,@d @s supparting ategtrofme thanh-slamp&r) Retdrdinyg thel ﬁﬁot@c@?@httfﬂbm

EBREnaR S AL RIRLIRL TS A bRl i) A% iacton o
spmteommauang cagaric nmdpsmmdmwgmma m;embrqatandsw thhe

T T T TG e

cah eevemryé@usmlthé bRetobyrrétH ARaihed BhYERR ﬁ@%tlﬁ@m & anlc
hotocurrent-tine profile gives t

[ntegratin r
CBWBP&'&%I pﬂ\%{ AeRledRVERer dbe nﬂq&qg\m{e gan then be mjected
féh ZrbRERN QRO D eWREST tﬁ@%ﬁl@%ﬁ b*é' %Mlﬁ@d&% ﬁ%@glér&g gither

phot oel ectrol ysis was taken as the

PRRiNRlEhi Hegbues <byzztesraém9tthe:a¢aksn>rgﬁa¢qrraw siihce Isoth peak
héighfe@rﬁd YedK RQ %?@érpgt&orsmo ¥alasp GR val ue was

t hen determ ned. antitication of COD
usi ng continuous fl ow node 5 Besides the use of the

Tg,ﬁicg[é &{m?ﬁ%ﬁ pel gt rochemical cell, a flowinjection

anal ysi's system was i ncor por at ed into the COD

det eFigisngiov@a Hidal @10t§&ﬁﬁénﬁﬁﬁ:’é-°cuwé3%t9ﬁ%6 C%gbn-
t he conbi nati on of A, automatic

e%”é g H'&‘{}P%'ﬁcm%%hd@e@datlw piecgse adadertsheonstant applied
pbeheALivReh ofe IRATRLE SuRBSLLSY, 'th&#&%lﬂfaFngr%ﬁgd&rg}ggr8hE)r%s

a FIL A controlling systemas shown
ap,t%)/rg}qmately zero. Upon illumination, the current increased rapidly before

decaying to a steady state value. This steady state current (limiting photocurrent)
consists of two current components. One is due to mass transfer limited
photoelectrochemical oxidation (degradation) of the target analyte, which is directly
proportional to the concentration of the analyte. The other is due to the
photoelectrochemical oxidation (decomposition) of water, which is constant at a
given pH and supporting electrolyte concentration. The net limiting photocurrent,
iy, (resulting from analyte oxidation) can be readily obtained by subtraction of the
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10 sanple is continuously punping through the cell and

an injector is enployed for the sanple injection. A
w@oioenssded bi as of +0. 20V was applied and 2M NadUZBUMS/000438

used as supporting electrolyte (blank sanple).

Recordi ng the photocurrent #¥om the photocatal ysis of

the bl ank sanple gives a steady baseline. An injection

oc@r@ﬁ%tﬁnl&%ﬁ i the ﬁﬂldat" RN of GAamp Montithettbiadpigdtotiresnt. i
lnector to allow the 15 phot ocaéal ysis of sanple
ardher bp Lgee foraralvhealipugtnssa dEphdocur rent - time profile

ggg ﬁgw@%g&{gglé %%lln?ﬁ Er%gf% gén%%%rf o%(l)cﬁt%& ﬂg-gis mdlcate

thﬂhE(ﬁlmﬂoﬁCIDn@byﬁlﬁﬂlue'ﬁbealIrtxentposadmineesi@atetdﬁ(eaekf@ 9,in WhICh 1

nj ec r_ana f

- skl B ARGy ena et lfihRRg, e

5 &ggégonﬁzlg)éﬁidns ﬁ? Eaéd(ljrlﬂg atioe7 pesitapd atioct Frgdamr)e)s w{sqafedioileu, i
el an ) di '

whs aind tebpaareEronbypedy T uee R orhE BRI figunc.

Tﬁé‘@l%esaoftt)ié'I/I@burlvéﬂéé@\blmmmtaré uatermiued ®yadhé aiasedrahsfem

non- exhaustive photoel ectr och t
cqafiment 4 adoe NHMEGH 8| SRETaS AP MR  when

pM}Selleb e}ﬁ\@gma hiagBfsh.of f, the resi dual current (dark

current) was roximately zero. Upon illum nation,

gth :a'ngg ;SIW&cdrFé?l'E ﬁl%%eﬁof“ 18R eh )éxlbéifsﬂf/é? pHEeakCHacHiemisal

state value. This steady state curre
degmmtqmomﬁﬁt%@%ﬁoﬂéﬁﬁg be siiar 1 Bapet IDRPORFpaHRtve
d%ﬁgpgﬂ}ﬁg&?cesg@(cbgt tﬁ'al?a E%{ﬁ?%@té f)ﬁ’d’t@&ﬁi‘eﬁt icBh o8 be achieved

rochem oXli ra atl on) of the
whan gt bf thealrganic cqmpohnd%warer@@ﬁwe oInpihispease; HWa%tquy state

p%ﬂgc&roﬁt%\% pgni%?gg% o IHLS ﬁd@ﬁm to?wa@?% detc%ﬁrbe’ éas‘ﬂy'guﬁtﬁécted

&M Caloxidat i on (decomposi ti on)
fromt {Re fotalhduetent (Fig. GHBI &igurati 0 ahoys U@rtyplsalmmt@qm@@ﬁ ¢ ’prﬁ@

eI t The
@qs&nia%gqitrom i Hechbtr oyt o Sincusiiis piosierochemycal
glbg%rg gggeé&sé?;wﬁbmggzmmm Inlarécctidatmolydé solutionaD It can be
00438 23, ph
saeR g necehates et dsaraen ive an BeRPedHeil gy atue
Wit Rsddnet the lokidatiém of Reter bR isissted fhat trenalagk phatocurrent
pur poses Prelimnary results o Oga%ned from.a

qn .
chisigsl 57 dhegpiane HlesirpB AR RIS ol 2 Bt Sty
@e@@ﬂ%ﬁ%ﬁirﬁztéd&r@h{ o@tﬁﬁ‘i@@ Wﬂ&ﬂﬁth’e"é@ﬁﬁoﬁ@aﬁ pﬁth@xﬁcacﬁlsglutlon

p- chl or ophenol ; Pot ass
chpsisis pf M@hwnmt@pmpogemsn@qqqlgr%lp 10 @hotog egrr%l&glcal\%omdatlon

o%bl?ﬁgllcc a&? éjrﬂstﬁe otr??%ﬂlﬁ‘é fo A6 ictlidatior olvhfeR NiSici R té s8me

was found to be dlrectly
asrth@btahk (phaiocurmemth é)wmewmaﬂal eeulEF shavedihghiedlank

p%o[gg:urrent was essentially constant for the given set of experimental conditions.
For a given time period, the charge passed for both cases can be obtained by
integration of the photocurrent and blank photocurrent. The charge difference
between the two cases is the net charge, Q, due to the photoelectrochemical
oxidation of phthalic acid, which is indicated as the shaded area in Fig 10. The net
charge, Q, was measured by integration of net photocurrent within the degradation
period as described in Fig 10. As predicted by Eqn. 3, Q is directly proportional to
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The slopes of the ii-C curves (sensitivity) are
determ ned by the mass transfer coefficient (k) and
wao b@4mnsssher of el ectrons transferred (n) duri nRCT/AB200@000438
phot oel ect rochem cal degradation. The
photocurrent-tinme profil e ofggan exhaustive
phot oel ectrochem cal degradation process was found to

domcentrationr(sé®Fighat). ah thie nonygxd aeh@tsuopsS of B et rads
at a st eady st ate ocurrent can

Tt
Srrs @éﬁﬁ SRneOS04 W &1 reuntnes o Bsaios bomiousai). The

rasul® i6 P O 11 (ha"vih'g?coﬁﬂﬁﬁed ttc!i‘ fhe%?ﬁ YMorkihed ]tﬁc\amgossmlhty
‘EE‘H% ocurrent, was purely he “0xi dat | on of

hexs deylopingiths P@@Bﬁ?%&s&m lrfte anniMersebdgteciion sgstem for

indiVigualdhal tgg gure 10 shows the typical photocurrent -
tinme profl | es obtained fromthe el ectrodes during an

exhaﬂ'hmpmesmihtymf@pﬁtytngdbhem kd ni&lgﬁoﬂfé&ﬂb@ﬁmﬁﬂ@@g?g?re ate

Arfrdlie B aslEh B éebs'es%ilﬁé'%ﬁno BT o et

solutien gpstasien rryemgeacbhmaﬁéteammmedn@ea syhthetal rﬁ&tdﬁ@%ntﬁ Lkﬁown

OXI datl on ter. is noted that the blank
‘%‘ﬁ%t"a B A fur eo%fsa'vﬁ%s fF'%ﬂ?tSﬁewmt%Ror@l%tmbﬂtv@@n the
eaiﬁémhemﬁl BN WIS pacesiBingdo te'é}@at‘f'Bf'! ﬂaérfdoéﬂaﬁﬂ‘ard ‘C‘ﬁ[@ Galues.

t he photocurrent obtained fromth ['ectrode I'n
Exeedrnt .asre;én%tﬁc, betweraihe MnSOH wlugs weig cr,htﬁln@dm both cases.

ﬁggggnts one is due to photoel ectrochem cal
xi dation of phthalic acid, and the other is due to
Reﬁ’év‘(ﬁ&@wt%@aﬁfpl%ter which is the same 25 as the

ool ERfen: iSRG el B S TR s

indsisiricisdn @ueenslemd Afstralia eiftemappmiprieertiiutiorgredl. sanfpdss were

S0 BT g PR B B oo

szBcCG)Da/aIuepmbtaJmn‘ fremtthe Ttvemetiaig gordilf Sapfipdec ®erddieneen

t
e L b T bR 38 e en SRBFBrR AP Soat pgps of
Ovd820keresobitaldéd atheimasng ber rabhee Prefi@a thesdrhe cbb vJ he as the
et B{;E&Dg l'\%d \#g?] nmeasured by integration of ne
Bﬁﬁ*&f’* Emethact Hinks detronsigfesdhnt K Meshed @oe%valent to the
segeierd Pethodnn bridPg s coTeMGéed by Eqn. 3, Qis
directly proportional to WO 2004/ 088305

PCT/ BXpE)s ©00438 24 concentration (see Fig. 11). In
this case, the slopes of the QC curves (sensitivity)
%@‘"&%BQWQQD%$W%@'QWM@%H of el ectrons
gransferred %%The results in Fig. 9 and 11 (havi n? _
Tog s rahdlgw ipiechen (Figurgs domnst pldoipteriing 680 is aqqusao ution

SRR RO U g chomicas,
okisassst glitamic acid, GGA and sucrose. The time required for a single
measurement was 1-2 min. Figure 14 shows the calibration curve of the various
organic compounds in terms of uM and theoretical COD concentration
respectively. Figure 14a shows that the photoelectrochemical detector had
different sensitivities (slope of the calibration curve) to different organics in regards
of uM concentration. The sensitivity decreased in the order of sucrose, GGA,

glucose and glutamic acid. This is because the organic compounds contribute
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The possibility of applying the proposed nethod for
determ ning aggregate properties such as COD was al so

w0 e®ie8k303 chose the APHA COD standard test BOI/AUR@W000438

(potassi um hydrogen phthalate (KHP)) and a synthetic
m xture wth known COD val ugs as our test sol utions.
Fig 12 shows the correlati on between the 10

diffgrent memttadr GORISettdnes rﬁﬁgﬁorzyurﬁ@ktd) iACiHAL %%uﬁveaﬁﬁdatlon

t t t
BRBRERL VI 43¢ dscBease: of fansiored AisrRseaer Mokt esTose
(Redd), VBSe (Mt ghaisee e§1~25{3léhﬁeglﬂta(rﬂié) agblf{) 18§t 1fhe organic

Ies were collected fromvari

%@P\Aﬁé Sgi"qs %"Gﬁe%ﬁ%tr of§dPerAneler and hengs the Sa'm:hil\mmdei:r@ses
ThHis ekplaimedahb s%ﬂﬁ'ﬂ{nﬁﬁof'b%F% ?%]@I% Ui Er{ﬁe sferred electron

anal ysi s using our nethod e st an CO
endD. tha erncepiationseaf ﬂfl¢ omanh:e:qmunés Weds coverigl|from pM

STRAERIECR W50 0 RN 4B IR LG So5 e s

shefee were abtaingd fohthe sadmhsd organiae irnBidupes ¢4, ctraustumeuécan‘iet the

RS er b deBor RALR S Pl 05en 1 some oven, .
the argéaicccamepdundsivave bedh okidgd tiftsdAainatlyua sl thEXaRBlMsation

PV TR T G

;m:thl@th& RECOD wlues2agaes thd ﬂw%bréﬂ@élt@QD‘MathﬁbsSé@Emﬁd fh Figure
es brepa ureo anic chemcals, 1.e

R TRG eRR Aerue 5 afan ofation PoRe. Thedingiahbest fit has a

sl'cf:p@tkbff £026®8ana R HOL egsmﬁﬁ;blﬁ %'Teet‘iy &@i%oﬂlst?atg&l rihatFéLﬁitHBﬁty to
hows the calibration curve he vari ous

Ué@ B2S A qadbragioprstandard ta Hé"@f@mﬁcﬁﬂme for the unknown

sepipfeent ration respectively. Figure 14a shows that the
phot oel ect rochem cal detector had 30 different
"s\é@ﬁ:,fqund.thafeté\e(céat@qi@ndmt 0.6 pinb £QD wvithcaufinesr renge up to 60

gh‘f CeIre b BH2BhET=d émEiSlg ?{]edé@eggr}ewﬁ ocgqygln@rggte ye Tsing

ensitivity decrease
g@JCQ@@Sﬁ maﬂlngl anaytec dbeddetSbion iimitbearause extemded gfarther by

RS SRl IR U Wi e ferse anche eagea by

atfhharehelst mgm:tromvdla!t‘nam reacti ons. Wt h the decrease

t ferred. el.ectrons sucr
R A TRERN 85 1B B EerBaineiiia T dieeinsea of the
detestB) . ThéGeOp@RRI @producibility of the sensor to 100 pM glucose was
studied using repeated determinations (n=12) and RSD% was found to be 0.8%.

The detector is relatively stable. Significant baseline shift was observed for the
first two hours when the electrode was brand new due to some of the active TiO,
particles were not attached on the electrode surface enough firmly and was
removed by the carrier. The baseline became almost constant after these non-
stable active sites were removed. In fact all the data reported in this paper was
obtained from the same TiO; electrode. The electrode had experience the change
of pH (from 2 to10), the change of potential (-0.4 to +0.8V), the change of flow
rate, the change of injection volume and analysis of real samples and finished
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conmpounds give fewer electrons per nole and hence the
sensitivity decreases. 5 This explained the
w@engigd3nity order in Figure 14a. Wth the trancf/apema000438
el ectron nunber (n), the concentrations of the
organi ¢ conpounds were convggted fromM to
theoretical COD value in ppm The sane sensitivities,
n@é{ﬁl;dmtaaﬁﬂwd%ﬁthetrﬁ@samen@I|to§1ij stweraathbtyallseﬁﬁitw‘/@rartdhetable
sel’ect ed organics i ure e
ik 6l ARsoDe AR Bal befed B it 8yian it TsCEelse Bha'stre in

tH?srl%'F' ®Ss Wéll%ﬁ@wﬁﬂﬁﬁt 'ﬁUa%ﬁHacé h&s mbfitd bﬁseﬁf—@@é\hlﬁg and super
onpounds have heen_ oxi

i sed indiscrim nateluy
hmlrﬁéhlbwys athefpuling, of glagirade gvhiginis CRIPELRY 52 ﬁ?é RYi |5&28rp'“°”
h\ég@%,ecg%%eéﬁwdéaéh@@?&ﬁth Jieaderiad WltOWbt Biyserbb®lafteNdtorage.

al ues agai nst the theoretical COD val ues as
Behavge of tiisgeven adewgdaysudbsected iy @bogk 5 minutes to

SRR el AR AR SRl 5ot DR hedPtar e detEotn of
Gml’mgsmrat ed that suitability to 15 use gl ucose as a
calibration standard to determ ne COD value for the
unknown sanple. It was found that the detection [imt

of 0.5 ppmCOD with a linear range up to 60 ppm COD

can be achi eved under the experinental conditions

enpl oyed using glucose as testing analyte. The

det egkapld 7mt can be extended further by 20

I ncreasing the sanple injection volunme while the
FEC®BNsICORe can be increased by a further snaller

i njection volunme. Reproducibility and stability are
Thepd bftne res samplear testediin thieexmwedle was dis thef range of 5-9, which is

HGERT L R TL T EIO R

ARbrenion Balh eRShddwA2 Liséd b mmﬂwa‘@om@m iperetl Shple.
25 The detector is relative ni fi cant

kel £ aouR NS RSS! (BBORSAel o RO HUSCtonrERPariRG URuis gucose
éfé""tﬁé‘ sfa'ﬂ@ar%' %"sfa‘h@@ %@%h@ﬂvﬁ”ﬁt%u@%oﬂﬂtf@%riﬁ (PhR area,

active particles were not attached on

Feg éét(a)&)a@d ﬂlﬁw%@%lﬁ?@u treakinetahy: Fighdo Wi mcr%a%&@'é}ﬂomﬂmona"y
v{l Ewethg ‘%Jré%e ?fggfcogé%ﬁh&éfﬁra%ﬁ affRe @élfﬂ?&ﬁoﬁ?&!ﬁé ﬂﬂé irffekis lof

active sites were renoved f act

ragmreﬁﬁaswaattmere@p@ comrairucted Using tbap*@ta fiers tae ab@(%d@ﬁ@ahon
"&3}@% ?%lﬂ% fiRte, Tét% nagré?fél?‘?/gﬁe vg s de éﬁ?%ﬁ%@ﬁh r&Bf;iventlgplaleCOD

rﬁéthpd(dadhma'late( methbd).o Figre 1o shQWﬁatheh@ﬂgtatloﬂ betwgen the

S@smebiaEeEI Vhlies oo SRBIAB D05} REp 00 it e Farson

E6rTe I A 5200 3Bis LRed rasan‘nyaidne oS thedntehsityhef association
tg“@%?@%e vaﬁues obtamec? %rom the ?Ilov?/tlrlu\e/gtlo% Sotsditdneendhittal cop
method and the conventional COD method. This was employed for the data in
Figure 16. A highly significant correlation (r=0.991, P=0.000, n=13) between the
two methods was obtained indicating the two methods agreed very well. More
importantly, the slope of the principle axis of the correlation ellipse of 1.0819 was
obtained. This almost unity slope value suggests both methods were accurately

measuring the same COD value. Given a 95% confidence interval, this slope was
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When the el ectrode was not being used, it is filled
wth MIli-Qwater and store in the light. It is well
whpawoesgshat Ti 02 surface has nmerits of sel f-clBEATZ04/000438
- and super hydrophilicity. The fouling of el ectrode,
whi ch is comonly caused by2adsorption 5 of organic
conpounds and growth of bacteria, was not observed

béf\nie?h 1|S(t916n 2’2@23 17Be lcrmssgnpﬁ%s g hihat wecan bafdses cenfldent that the

, on abou m n

trug élqn@é'&s @p@@qnotaésg BoNlss &@e&%haﬁ%%@ g ﬁgggﬁca' errors
a§§c§H C%e)& Rh %gﬁrﬁfhb'ﬂ%w |ﬁj%ct|%&%é&rocﬁ@n@éﬂim® aﬁd tHRECCD

he real sanples tested in this
S’@k‘dﬁiﬂ r@etmg MeASUFRMen{h gad &matshease akFare gomtgbutedo spatteggn both

a%&%%’@ cOrRGARA é?i‘d I%r&&%e& ?&ﬁdé%@b‘?ﬁﬁéﬂﬁ‘ig support for the

et'ector. t andar d ation urve met h was used
stitakiliy of Hhierflowt lhj@c@moncaatp@i@ctmhe@mal %rr@thootipg Oeasyting

C%'%Pﬁ“@ 599? éry&énq d. rﬁ%&%ﬁe&f QWeMéIeﬂ%é% cop

onse SI ng glucos as th st ano‘ard subst ance
valmewdemnsilndes Itl”gij$l.étabthtytfhr thecpropraegengthed ko meeaure GOR.

and the peak current (peak height, Fig 15 (b))
qle‘égdégd proportionally 20 with the increase of

Thepresent rventon pratvﬂdesma 0B analysisrmagthod, whiclv s dacheate,
Lnser ts o

sehatimeavronnrial Tande Bhv BREL MG ATIE bEAThSTtiY. s
mdtBo® Inntriple FeBswreb tee tasraliealet ODNatlievdusto the extraordinary

i SXRAUOTRE OF PR BETRRRGE B TR anO B P oHare e eiss

dYr@l:Mﬁéth@H@nﬁﬁﬁd&ﬂ)@hder@@sd@ kePatrith @meer ekHalistivé@egradation
Pearson 25 Correl ation coefficient was used as a

copdions thg method in ep pbeelytegnetied sequires dip caBtaligBn t he
E\Sﬁéﬁ féllﬂ "JH &ﬁ%lité@ et k}\ﬁthfth@%h\fénﬁérﬁél%bhromate method

em cal and the conventi onal

standagt metinod)rﬁ'he &}ﬁgﬁ@ﬁm%)ﬂe\@w @eod leag digteastehilityrivinpe

Séng r@o%lygd@c}ig§‘ bgﬂﬁ}\% %ﬁ%%&&éﬁ/@% "’WtHle]én J{e‘o@ ‘I:|%—:9%ﬁet1l>§:|| Cr?!e% rinciple
anmuloyeat makes the mm‘boalruflsaosj’svea@rtb@ ghmgwofvt@mperaw eeTh®

@%8@}5 0 ﬁggﬁp %@ a?\@% téi{eaﬁ atBFé &F&fn t a adnt ?as% o kBRibe's

rﬁéms.tDMngw\e@b(p@wnmal the tanmamr@ dlldotdh cqmmedswltl\ﬂhe sample

t%%%%{ai‘%%énm BRI RATE, 5 BfelStt P Gispaesihebeduts
f\,ggzoom 000438 27 between 1.016 and 1.174. This
|

es that we can be 95% confident that the
Whilst the description of the invention utilises a three electrode

photochemical cell it will be appreciated that the photoelectrochemical cell may
comprise a working electrode (TiO;) and a counter electrode, wherein the counter
electrode may suitable act as both a counter electrode and a reference electrode.

Throughout the specification the aim has been to describe the preferred
embodiments of the invention without limiting the invention to any one embodiment
or specific collection of features.

Throughout this specification, unless the context requires otherwise, the
word "comprises”, and variations such as "comprise" or "comprising", will be



true slope lies between these two val ues. Consi der
that there are analytical errors associated with both

w0 b4/088305 | nj ecti on phot oel ect rochem cal COD apdI/Aliz004/000438
standard met hod nmeasurenments and that these errors
contribute to scatter on bops 5 axes, the strong
correl ati on and sl ope obtained provides conpelling

uﬁél'@r@%ﬂ t6 Fhplty fies m&ldltsioabjf bl t y ﬁétetih@te@érow dgroiyeef intsyers or
otoelectrochem for nmeasu
STRBRUEETt 150 B RNTAANY ARSI Bart € 4To0 PLEFRHSTS

between the two COD val ues denonstrates the
suitability for the proposed nethod to neasure COD.
Concl usi on 10 The present invention provides a COD
anal ysis nmethod, which is accurate, sensitive,
environnentally friendly, robust, rapid and easy to be
automated. This nmethod in principle nmeasures the
theoretical COD value due to the extraordinary high
oxi dati on power of photogenerated hol es. The nethod
described here is a direct nethod and i ndependent of
sanple matri x. Under exhaustive degradation 15
conditions, the nethod is an absolute nethod requires
no calibration. Experinentally, it correlates well
Wi th the conventional dichromate nethod (Standard
nmet hod). The el ectrode has a very good | ong
time-stability, w thout show ng any decline of
photocatal ytic activity. The nature of the analytica
principle enployed makes the nethod insensitive to

t he change of tenperature. The 20 nmethod shows a good
tol erance to tenperature change in contrast to
Karube's nethod. During the experinent the
tenperature did not controlled with the sanple
tenperature ranging from 10 to 40C, no photocurrent
and charge change was observed. Wil st the
description of the invention utilises a three

el ectrode 25 photochem cal cell it will be

appreci ated that the photoel ectrochenical cell nay
conprise a working electrode (Ti Q2) and a counter

el ectrode, wherein the counter electrode may suitable
act as both a counter electrode and a reference

el ectrode. Throughout the specification the aimhas
been to describe the preferred enbodinents of the
invention without limting the invention to any one
enbodi nrent 30 or specific collection of features.
Throughout this specification, unless the context
requires otherwi se, the word "conprises”, and

vari ations such as "conprise" or "conprising", wll be
WO 2004/ 088305 PCT/ AU2004/ 000438
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28 understood to inply the inclusion of a stated
i nteger or group of integers or steps but not to the

wezehnosssen of any ot her integer or group of i NPEQADS004/000438

WD 2004/ 088305 PCT/ AU2004/ 000438 29 CLAIMS 1. A
met hod of determ ning chem @d oxygen demand of a
wat er sanple, conprising the steps of a) applying a
consiCAAiMgot ential bias to a photoel ectrocheni cal
hot oacti ve morkinggelectrode and a

[ [
countle aé?ﬂ%drcgﬁgrée%wwwpﬂwg% TR Pt @ wegter sample,

el ect r@bmbﬂsiﬁﬁlthg st@ps o) 11l um nating the working
el ectgode with a Iir%ht source and recording the

back8t SRR MSHB ERRSiRFepricRiab diasda aahofapteclivekemisal cell, having
el ect r ggmotdaRmvd W@rkinﬂ@@&f?e@ﬁ @&Sr{té’ﬂl dé&giiﬁlf gﬁdti Elg)htaining

10 c) adding a water sanple, e anal ysed,
phot oe PELPPRIAIAG RiechPlytessalutiond) i || uni nating t he

Ki _ C L .
the Pf aUEREIGQNE werliy Bickl e wiR S/I5R: fliod HideloRino the
det er nharkgepundehotesrireail Prodygethatibravuiking eteotrodafrem the
sanpl %Ugﬁéﬁgﬁ%l‘%‘s@b&e %@Eg&ype of degradati on

condi t1 A nethod as clained in
cl ai m) addingreevatet bampleotodacanalgsedptotha phomletsrtrookkemical cell;

a na | Ll conductive electrode. 3. A .

et nab MEnchE viofhy SRR ifty BBt Hats i réegraing the
el ect r td@l phetautreye prodBed vith ithaﬁﬂammgpli oxi de
nanoparticles cpated on ,an inert conductiv

subsgfﬁlp 4 m&?’“%g&?eﬁ%ﬁ%caégqu% ‘iﬁé’ﬂaqcﬂo‘céh%u"@?ef SeRRKhi ch

a ref erxeoeriref oahé BPe df degladbtiorlssditions 2peHidyeen to the
wor ki ng and counter el ectrodes. 25 5. A nethod as

claimed in claiml in which the chenical oxygen demand
i's  detemaiRicts s fledex BRI bWk SR IR@ BRbH AR ve w%rking
conditions, in which all organics present In the
vat er $gRYIcde iy @ naReRArictpte semizondueiiverrderttesiec| ai ned
inclaiml in which the chem cal oxygen demand is
3. A method as claimed in claim 2 in which the working electrode is a layer
of titanium dioxide nanoparticles coated on an inert conductive

substrate.

4. A method as claimed in claim 1 in which a reference electrode is also
used in addition to the working and counter electrodes.

5. A method as claimed in claim 1 in which the chemical oxygen demand is
determined under exhaustive degradation conditions, in which all
organics present in the water sample are oxidised.

6. A method as claimed in claim 1 in which the chemical oxygen demand is
determined under non-exhaustive degradation conditions, in which the
organics present in the water sample are partially oxidised.
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det erm ned under non-exhaustive degradation
conditions, in which the organics present in the

wowrienssehpl e are partially oxidised. WO 2004/ P8B30%004/000438

PCT/ AU2004/ 000438 30 7. A nethod as clainmed in any
precedi ng claimin which thgpbackground photocurrent
is deducted fromthe total photocurrent produced with
the sanple to obtain the phot ocurrent due to the

oxi dation of organic 5 material in

met hbd Aa@eﬁloélaﬁé‘dﬁ'm?ddﬂ‘ anyPraceding Cf?r‘r@d'é?ﬂ’ Eg' the Q?Fﬁqrﬂ“”d

whi ch %‘H@tocﬁﬁgm B de?iu@ieﬁlﬁo?@tﬁé‘ total bﬁ@coé&mrérbagced with the
electrode. 10 9. A nethod as clained in claim1

whi ch sa@pihterakiain ﬂaﬁ@@@ﬁcwmﬁwe e theidatign @éarg@gﬂlc
measur i ng.chat d;gélrrent under exhaustive
degradatlon conditions with a stationary or flow cell
using different operational nodes including batch

modeg. T AWRARPSANEIGE oA in SANDIBUANG claiR AR the >

as clairmed in
cheni c samply iatluttenwitrdthe suppatieg slestrdddy neasuri ng
charge or current under non-exhaustive degradation
conditions with a stationary or flow cell using
di f f @r einetiapexsadliaioal in eaded in ndiichothe ghbmicahoxymse,demand is

fl ow st ed de and 20 conti nuous Io mode. 11, A
phot oe|d§§§w%l’m @3?3‘5@@%&%‘3\ G f%:geﬁg%uﬁﬁﬁ ng
oxygen de@%ﬂ%ﬂid? ;éﬁ?cﬁtldvﬁt\{&lgh §@fﬁﬁbﬁaﬂy1‘11r¢lbwmﬂt b%msztlfﬁreat)
a neasuring, ce or, hol di n sa 0 _be

25 b) app@ra%toaahmp%s welmanﬂ@%ﬁwpagof@%ﬁa%a@ H¥

el ect r Qi IRFRAPMbAe. said cell, c) a light source
adapted to il lum nate the phot oact i ve wor Ki ng

electrode d) control neans to control the

il U fﬁebl aogés éIQ ﬁ‘&éﬂ 1GheficPge. chéﬁﬁcal QW%énQﬂemand is

pote otocurrent recording 30 C
phot oc ua‘at@mlm%a‘{ G@aﬁwmma@e pieciiEent gnaerirexhenstive

phot OCLH ?Q&ét%ﬂ%ﬂ&*u@ﬁs Jv@r‘?a%tféhg% &6 ARy difierent
anal y ve a measur oxygen denan
fr om t rmperatlonal modes mcludlng batch mode, flow-stopped mode and

continuous flow mode.

11. A photoelectrochemical assay apparatus for determining oxygen
demand of a water sample which consists of

a) a measuring cell for holding a sample to be analysed

b) a photoactive working electrode and a counter electrode disposed in
said cell,

c) a light source adapted to illuminate the photoactive working electrode

d) control means to control the illumination of the working electrode, the
applied potential bias, and photocurrent recording

c) photocurrent/charge measuring means to measure the
photocurrent/charge at the working electrode

f) analysis means to derive a measure of oxygen demand from the
measurements made by the photocurrent/charge measuring means.
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measur enents made by the photocurrent/charge measuring
means. WO 2004/ 088305 PCT/ AU2004/ 000438 31 12.

WORPans3ns as clained in claim11l in which thePCT/AU2004/000438

measuring cell is a flow through cell. 5 13.
Apparatus as clainmed in clai%h 11 or 12 in which a
reference electrode is included in the neasuring
cell. 14. Apparatus as clained in any one of clains 11

nanogar (et ae a9 SiRg A YLt Frgtind 81''a fow

Appar attbtougb cell.ai med in any one of clains 11 to 14 in
which the working electrode is a layer of titanium
di oxi de nanoparticles on an inert substrate. 15 16.

Appa1&b4\npaaestus baictairded im @aish PNer tf inoAAEHTE rdferdree Erectrode is

whi ch des a.reservoir for a supporting
HIPed g

el ectrdl fMeasiigCqlo neasure the background
photocurrent and to dilute the sanple. 20 17.

Appa th as cl alrina n claim116 which also includes a
sanpll% ARRAIAIUS/ASH %@@fi&ha@yg@%ﬁf glaims 18 tp pd mherrin the

el ect r phpidachuPRbiidrigdleatddNs ahambBRticulate semiconductive
electrode.

15. Apparatus as claimed in any one of claims 11 to 14 in which the
working electrode is a layer of titanium dioxide nanoparticles on an inert
substrate.,

18. Apparatus as claimed in any one of claims 11 to 15 which also includes
a reservoir for a supporting electrolyte which is used to measure the
background photocurrent and to dilute the sample.

17. Apparatus as claimed in claim 16 which also includes a sample
supply/injection system and a supporting electrolyte supply/injection
system



