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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;
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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30 and questi onabl e accuracy and reproducibility (the
standard net hod accepts a relative standard devi ation
of 15% for replicate BOD5 anal yses). More

[ ngortantly, interpretation of BOD results is
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for use as a detector in flow injection analysis and liquid chromatography. The
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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for use as a detector in flow injection analysis and
iquid chromat ography. The detector was found to be
non-selective in its response to a variety of organic

anal ytes. Brown et al found that the response of the
VR2UEON aried with tenperature, duration RYfT/AU2004/000438
heati ng, oxidative atnospherge, etching of the titanium

30 wire el ectrode, amount of* doping on the Ti 02

det ect or and solvents. Simlar to Fox et al this
QG HA’S'sy st em had | ow phot ocatal ytic efficiency and
cannoMatthléves RiVi etat. pArzdytios EhinticeeActa 288 (1990 £7re1 28 @iso the

IR ol st o7 48] s iR pFBREBRAC Brayon system
db deteniak yotalocarkcmi inwater ﬁ@males’m placg@OliO4 into a Blarmy ar so
%ﬁ”ug%er%m Bitdto ldﬂ'&ifh"e%ré R8de A8 bwith S ﬁ’@@agyé ﬂo'e@@%

ocat a oxl datl on system termn

tqsrRan Qt%ﬁ*clfb(ﬁ?(?z}r V\%ﬁ Riolved (Fzas migasyresde REpdit 39G \fﬂt@ oA

Sthé! 55Mpl@r M_httﬁé'\ﬁ@ﬁﬁllﬁh Hat tr@ﬁ&bméérﬁé §4rB8n EAELOE LTS from
material with in the sanple to evol ve carbnd|OX|de

(top otal Wﬂb?fcﬂam degpyast e Priogaigicssllct Toc
V.ﬁéngaa @t al.th @hs@anérﬁ & PYRIDIEASCHemmIstey 144200 T)e o @0alalso

rb t d f th t

L R
Jelern@déb inthe photpoxidatibh of methanol & Jighg fanind dwaQ\IheCilrrmmCﬂtrem
144
JRoReSE ebbe st u Blau0uehoad by 4B0iRY pbisBeay i
ehteasitypohethannl doheerpiatioroand prht Admearfrelmnshlpovas fourartg exist
f {
méﬁééﬂ%néﬁ?&ahb@@*f&?h H&{Dcﬂmoug %ﬁﬂw'l 2 3§Jte% nciatlBF of {ﬁ!efﬁ%b&%qﬁ
i the emmengratmeqummnowrﬁlaﬁasﬂmm i UQW%WH. q;wonﬂentraﬁ@aof
r.ﬁbmgh& et hoHen toPptﬁ%ée?éctroh?E%@J‘thb TR0, fim and

hot ocurrent produced throu tb I'E hot o- ogl dation
n‘B?'ﬁ%ﬂﬁ% Ph%i%enfsat?% %%E%R?ﬁqﬁf‘ BFPTBTS FHEAFTARBING Si§P¢ Bs
St Ethe MonBNErang & WiEEC BB tingdrirlatianshiprbetwsenghotocurrent
in easerﬂsabhe m gration of photoel ectrons across the

TISEORe

H'Eioc‘i &r ef or e phot ogener at ed char ge
separ abe Kyorhgaaomet A, Elatieodnalysisi1gNs 1€ (2000 334-1338,

Rt e BFOB o AhiRagiale tiftupe ogyoen
oglectrasie apd n@e‘lﬂeynaﬂ@la%ospe@de@ln g sarhpie selgtioveunger s 12,
I\Eeh i mfa?ﬁﬁ@%«dét?\?&%b%ﬂon EShéRiohs. IRl rfe'ﬂ??engrated from the

ation usi apricate

CP/eRN e‘yp@d@wéh—wa@mg% p%tﬂ@{arweg usgde ingigate heoxygen
bb%gsmfia%en Icﬂa.?ge%%ib and Ghéftthé’ﬁhdﬂwi&fatuorﬁ’ hpheOa~has W dx§gen

ative degradation conditions. The current
g@qmplaf@@nmagmqr}@rrelated to COD value of the sample.

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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oxygen el ectrode under -800nV applied potential was
used to indicate the oxygen 25 concentration change
before and after the photooxidation. The change in

‘gxgaﬁ concentration was then correlated to COD val ue

@88%pl e. Kim Yoon-Chang, et.al., Anal PCTEMER4/0p138
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the low oxidation efficiency. It is an object of this invention to overcome these
shortcomings.

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 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 vaiue of a water
30 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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20 in the prior art, utilising photoel ectrochemn cal
properties of Ti02 nanoparticle sem conductive

el ectrodes provide for the direct determ nation of

COD. In the prior art nethod, the nmethod relies for
WRWHABINn the two oxygen el ectrodes, whi cHTANAR04(§0438
be identical in responding to the oxygen change. In
addition, the prior art netthod cannot be used for |ow
COD sanples due to the insufficient 25 sensitivity of
the method. Low COD content is inmportant in testing
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dewp agptl §1o,)eonlili 3080t he chenflical oxygen demand
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2004/ AB&RMH5 PCH L20HH0438 6 a) integrating both
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for t 0EmefR S ety Re YRR BoBEh cRRRRATaR 6l war

caypEmay ba deterraihed under nbs-exitauktiverddgeadaltion cord®Ioné,my which
- ; rej .=, net charge F

1 @hroffiks et o 0 Selie 8 iRt inc ook BBRSC

ceixhalesttive degradajionirenditiensi alaphotoougent ate neadured lunderdfie a

ViR Rlon RIS cgﬁéfigiaﬁ HRtke %mﬁisg ﬁwaggrmanm oRIHIAURMaKE

degradat] on condjtions, in e organics present

i AUerRax F'é?’"%cé‘l‘ﬁiﬂt@?éﬁeésﬁﬁr_ti al l'y oxidised. Under non-
exhaugddivga dgoadabiugon, FRAMH khdiSergahit cBMRhBSRET & Rhemical
are neasur edd EJndﬁ::rtht hﬁ 1%5, %I fB%%J on controll ed :
BV RN S IRthRRPpIBEeSfoCcoRITiSA! RE CAARIRJRR WaleFand
\saimipte towe dnalysédyr i ncl ude the steps of; adding a

st andfldiczfhd' Wodking SR Wi %Gy AEH2BL2e SR0 FEEBHARE he"
limiting photocurrent produced from the partial oxidative degradation of the

standard solution (ii(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

Iisample= (1) = ivackground;

b) calculating the limiting photocurrent for the standard solution by
subtracting the background photocurrent (iwackground) from the limiting photocurrent
of the sample and standard (i(2)) at the predetermined illumination time according
to the formula:
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oxygen demand val ue, to the photoel ectrochem cal cell
containing the water sanple to be anal ysed; 20
illumnating working electrode with a UV |light source
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st BHHAE7904/000438
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Sori 00 b T St o 815D, e where
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K= nFAK i sFa Faraghpodnstamt, gi ven experi nent al
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; .
s g

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 electrodes is preferably between -0.1V and
+0.5V. More preferably the potential difference is between approximately +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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condition may be repeated as nmany tines as required to
anal yse all necessary 15 water sanples. The potentia
bias applied to the electrodes is preferably between
-0.1V and +0.5V. Mre preferably the potentia
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d| | ut bpra phiotdactivesworking eleceodedreisa tduptereldedodd @isptee ird

LGe 4 i near range while still keeping the test

ura?l bn to arelatively small period. The water

sanpl €) & ightsedree girkferablyl aidV fighteduioy, adapteghto ilminatethe

ok ensity of between between 1 and
rﬁh &Qtl\%‘g&mme’étw% er abl é‘mhe frequency of the

| i ght dk%ﬁmr@bmﬁgn%@me@i theghurairatieatel the \gorking efactiddn, the

IJppaéw&&emt.aaﬁm%nélmaaureﬁ@m i nvention provides a
phot oeg| ectrﬂc em cal assaéﬁﬁ{opar atus for determ ning

oxygef SHERRhEegsuring Raans tameesute figinbRtosuwant gt the werking
ae)ndeconmasalectr@eeell for holding a san‘pl e to be

anal y ed b& rﬁhoto ctjive worKi n'% el ectrode and

count & BRSSP a@sd G54 8 measure o gmgencslergaqq drmn the
sounnessurqemerﬁte n&idb;bymabhdtooghéntmusomg meafd. ed to
illumnate the photoactive working el ectrode 15 d)
dynierably aaferencaeledrmdedd alshlocated inthe atsasuringfeetl ed the

WRdrkihg B1e8lr&6e 1§ @anopdMculate 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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appl i ed potential and signal neasurenent e) current
nmeasuring neans to neasure the photocurrent at the
wor ki ng and counter electrodes f) analysis neans to
derive a nmeasure of oxygen demand fromthe 20
Weddu#ent s made by the photocurrent measur PAAMOEHYI438
Preferably a reference el ecté\gde is also located in
the nmeasuring cell and the rking electrode is a
noparticul ate sem. ductive el ectr.o refera
CBRoR i dF Bt R 5 55 e BiBe et
cel | may heedn gieatheoital gxygeh Hemaridmelihbd ef it invetfiogel |
try agg t
,'f?é f ent q‘ef[(\% 8gleth? ﬂ{/str@ﬁéhtg% Jl’ ﬂ%gleg%c!hteﬁq éal F?tectlon
rate adj usﬂ;yeten”to opt| m se the sen3|t|V|ty of the
gsyr enendch m%'illf‘ Bﬂ?&?’th@bl‘uﬁ&lgtroaié}ﬁ‘(hé‘lgb%tcﬂo(afgﬁonary)
iSt in unders nvention preferr
enbodl ment eellaf this lﬁvﬁﬂtllé. described with reference to
tig? 40l | ovg E%cﬁérﬁé’tfc‘i:?oésnsemncd?a tmlﬁpﬂﬁﬁgég&%chemlcal flow
/ AU2004/ 000438 Fi g .. IS a schematic
il lustrat |‘E9H36?°rfl'ﬁet%ﬁ‘2ﬂ '9‘@”&%{1‘ signal generation for

UBig. 5 Nt hesereaatic aiagmw@fetne theimapet pretderdtrothermica ﬂow ceII.
herrat c of the |nstrur[§ntat

vent i on;
Pt el oc: FBMANPIRTOREBl aritubBy b FpHSTER 4 HecsSR indn
Schemati c aht@rgatamcob phbieekbirdohemizal detedtienisgstembat ch

SEhietmr e Slapbbslapiraiifth & MRS R e debradtiion 2
phot oel ect protdvamectiime profies cf&dubpernmg)eldctr:gyte,osarﬁple;and

i nvention mati c di agram of the thin-Iayer
phot oel ectsftgrjtl: édmé%gtfﬁgl owcell. 10 Fig. 6. FIA

MBigi 8.0l ds Phatocuanept response ofip portianmpntairdng 4@UN pepotassium
I nj ection jr@fdn p%i:ﬁaﬁ%ﬁ@éhd?o mmt ‘i#w'o‘c’&h{e%uﬂﬁ@fﬁ%cm 2,

det ecti on system I cal representation

non- exhaushprligd Bﬁfﬁf‘%ﬂ%gﬁso'l’p 20\@%@6&% ent/tine
PrRfo ! es of -cseumasy fot @as b%cbrg@hwb@np@ﬁmal wandeigt

o b SortroPRBOu e AR

3 = methanol; 4 = d-glucose;
5 = malonic acid; 6 = succinic acid;
7 = glutaric acid; and 8 = glycine.

Photo intensity: 9.1mWcm2; Applied potential bias: +0.20V vs
Ag/AgCI.

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

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

1 = p-chiorophenol; 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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hydrogen phthal ate and 0.1 M NaNG3. Photo i nt ensi ty:
9.1 mAn2; Applied potential bias: +0.20V vs Ag/ AgCl .
Fig. 9it -Ccurves for a range of organi c conmpounds,

nanel = p-chl orophenol ; pot assi um hydr gen
wﬂtzi’f'é?l”é(’?@ 20 3 = nethanol ; 4 d- gl ucose; BCEHAU2004/000438
mal oni ¢ acid; 6 = succinic id; 7 = glutaric acid;

and 8 = gl yci ne. Photo intensity: 9.1 mAm 2; Applied
pot enti al /Q § +0.20V vs Ag/AgCl. 25 Fig. 10

Phot ocurrenq esponse of (a) 0.1 OM NaNGB and (b) a
Sug 2i on  Gasrelation batyego expssimentat CQDovaive aid $tamdard: CORI
0.1 M NaNQg ePf(‘é)tébD'sféBS{a\% }\és)fxo@d'n Wﬂﬂ%{th%& coD

pot enti al b| as: +0. 20V vs
curves f orsaE‘Prlea‘?P@éa"?Jﬁ*Q éql@éﬁlp@f é@lﬁﬁbﬁﬁ‘#@@ of pthaerngounds used in
p- chl or op b8 2 = potassium hydrogen pht haI at e 30.

| oni c aci

e ¢ Hariparisen & RhCISE and consentionsh 0D metged idtsomate
Phot 0 i nt emtrHetdeteclord of éGINdar, /IeﬁpIO' l edoggaggtl 8' bi as:
1 o G R ar Bl auPe B EsaTP RS shatingReRK
vaI ue and heighbtbegodcésbtioval ue. (a) COD st Iandar dt ;iesit

e, con :
Jp' ot ENCiesiecBineit fégigonap goBT ke GERY Sftel?

F| gure 8. seimplesl(®) themupatitativerrclafior3Rip@Btveatth the peak helght

e B At i

det ect i on relatienshipteetweendhrapgekdeighb end thgomeéedt CORi @hthe

et or m nacPoiaEh ducering PeESpATHEGRET OB fflne. oo
(a) the qeanhelicEPDdesteamplesnshi p bet ween the peak

@@t At aFRRCBALIEAS KwddN PEE OB 08 X AvenBoRE B method

the aygntl bty e

Detailed Description Of The Invention

The preferred assay method of the invention takes advantage of the highly
efficient photochemical properties of TiO, nanoparticulate film electrodes 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 TiO2 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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rel ati onshi p between the peak hei ght and theoretical
COD. (c) the correlation between the PECOD and
theoretical COD for the 15 synthetic COD test sanples.

Fi g. 16 Pearson correl ati on between PECOD and
WB%V'é’H?’i%‘nal COD nethod (di chronate). Det ai fEdAU2004/000438
Description O The Invention,20 The preferred assay

met hod of the invention takéd advant age of the highly
ef ficient photochenical properties of Ti02
nanoparticulate filmelectrodes to develop a new,

r api dThe pidto&thiped dmua@ Sﬁitoédhrfoﬁdﬂ@Ddﬁte@hmaﬂéﬂ ufiReotio,

t oxygen demand
T Sore ARt ebero e TRASH hudeing sue et daomate
aarﬂmehomgahatéetlmnmnatlon of Eh}ammthotbmgﬁ'fbse 2herdg pétfhadtb or

| es tiIisin a, hanppartic Ti 02 film
4Pt BT P antligap ehfds. i FRUR BBl iren kg rof the
sialdnce damndhtotthe cenductidrelvand t{$eer Figy ain.ophis prardtas an electron (e)

$6 ﬂ]eccg'ﬁgmb@ﬁh\b%né Lhdeal&cs @&q{rve r.spgton&‘ue gh*hm' o ?/a%ﬁ%et E4hd.

out departi ng e es ce O

i hedhotobale iTpee okt aqurbmwmfummdlzeés tiveteritsi high karidgaws
q;f&enﬁaﬁats ayat érfa'té%@ | e p@oésé Hé’éhn |§9d Uﬁ&éﬁl%elﬁy 2

nanoparticle |lme ng phot ocat
dR'Pﬁré‘{Wa\f/‘@“ ofirgpaig 59’“8?“'15‘\3 dye E?athﬁ étfmﬁ fidation ppwersof
aiMetopaeb. overcomes many of the current problenms with
exi sting oxygen demand techni ques. WO 2004/ 088305
PCT/ AU2004/ 000438 11 The photocatal ytic oxi dation

RS f ination utilizes Ti02
%Wyst to replace the traditional
oxi di Th@&eﬂﬂﬁ"&f det%rrﬂmmg'cﬁé}ﬁi@%x? erPdEin Rl TR 9@%‘%@& tes,

I um nation of TiO wi t h phot ons whose energ P{
gaading 4o the 'Bveg\f‘%%th@i'se@Wﬁﬁt°l9'ﬁ6trct9ﬁﬁ'a'1°§h‘1‘:}"@ﬂé(°g\<] argg), |
rgesetated fronp pootosiectrochémizal eXidatie deyradation bherganiakenpsunds

b . uction band (see Fig. 1). This
r]agb%ngé’hgﬁs@ﬁglgtron (e) to the conduction band and
I eav eshéplstscdtalyte ddgﬂid@h@{ &ifidiériey at mndzfu%p&radsediﬁtﬁe lBagtee of
iSO oxi di zers

hot ohol e
TReThItE O PusronSiiagaan bt i Foghiana FidrokeaeRse)
.systemspinitrelisat al tysw fastiad pharesledt@ns ad Able BRS conturhéd by the
er allzatlon of organi c conpounds due to the strong
o%ég *Per of phot ohol es. MATHENMATI CAL

DERI VAﬁlmanopan|culate film electrode is used as the working electrode in a
three-electrode photoelectrochemical cell. By applying an appropriate potential

bias to the working electrode, it becomes more favourable for the photoelectron to
be transferred to the working electrode rather than to the adsorbed Q,. The
photoelectrons are subsequentiy 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
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The net hod of determ ning chem cal oxygen demand of
wat er sanples, 15 according to the invention,

utilises photoel ectrochenical current (or charge)
‘gener ated from phot oel ectrochem cal oxidative

B4P U b of organic conpounds as an anal Y T/RHF004/000438
signal. The photocatal ytic degr adation efficiency at
Ti 02 depends on the degr ee recorrbl nati on of

p | ectron adi tional TiO02
pﬁ'%%“gej%%%gf‘%'? 5%?&?&“' t h U[eera\ datonefficigngyris.gphanged.
pincdditibe dthas bserafodndh tiaetheaate ocdégwdmﬁn loy oiigasic n@éiér@lﬁ@d

Sﬂ@%&ﬁenqaﬁ Q:gncféﬂﬂ? dés tlﬁé' agé 8{ rﬁ(r'ltécg] ﬁlagﬁn?rcggrgtet elecL:trode
kathéwéo@tth@tﬁi@wmlag steplof theRyerap pbgnadgtlcmrpramsso Fhist e

POICRRITR the HBPar Brob 8 SREeNpBiAEh LG shler BRE o n
t’ihSrP§P§9P¥'@%F'°D(9fPWé”W¥¢T@ el ectrode rather than to

t he adsorbed 02. The photoel ectrons are subsequently
forced to pass into the external circuit and to the

=0 r elepirode ere t uctio f oxygen (@R
g’fﬁ?ﬁ%emé@)@ ?aﬁey}pl acej;:"-e ?E(gadbhot gg&@r gn%g(or o

h_argl?)r is nonitored and gives 3 di rect neasure of she
S%b Q4T SHaef) orgdiffc cofipourtin.* 3%, it FE —t+d, Qssalf
shunt s phot oel ectrons 30 through the external circuit
t Quantifieation of Aralyticatsignal oxi dati ve degr adat| on.

oxi datjve_ and reduct

i f
T rpAoelit Bremia YIS caRgiogd coeyel cmpersies asdup Aiferent
ed@mdaﬂcmzwﬂelal— eg(bzhustlt/e at;_% wgggggm def ﬁdbﬁ?@ ndlwm ?t i on
(0] ectrons
Sy ER R RCHRBREN 1007 bRE QR A alite I he A0S FRses
awittenmnezkhaustive ddgriatiatiom, only bamab tractichaf avhikabtanalye isat e
Hond@HERGR O &n@ént%ﬁltgﬁm the BBk %Pl'u%r?re lnshéggﬁ[%ﬂgem of

02 concentration as e rate educ
cHghengede Tae foregeis apriopoyfelp dulkiplectralysie it whith all of the analyte

ST ﬁl@cﬁélyéda%n@\f%?éﬁakf s‘i';%@ré‘g?éd' tPGué’ﬁt tﬂé%onég?l't’r% dosnclt) ¥ on

over com prior art em o gen re
HBP3RY g Thgtcéatgﬁrﬁaﬁ% “‘@t'é‘fﬁful&ﬁnatqséui)tvcﬁr@momatnc orethsds
Qﬁtﬂa@@ thé eﬁ‘ﬁtyﬁéal @ignall (i.&- cuhéntfls'aepeﬁdeht éh tF'ne%aﬂe oT nfass s trBnser
S e iheth | jovgRer fe shtagc

) e%ce‘) Y O\Rge JPmsRe f@érgf cursent Rradyses fthe

Tésud photoeleatrachemichal proedsges.cal si gnal The
phot o%ectrochem cal system descri bed above can be

used nReXIapstve éﬁsrada@gwam isimatexgd| the charge (Q) can
e raedsuredyang intsfatontA pRétb M PredEW AN Blel fegradilibperiod. 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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exhaustive degradation, 100% of the organic analyte in
the sanple is consuned; wth non-exhaustive
degradation, only a small fraction of avail able

anal yte is 15 consuned and its concentration in the
WRRWEEPW i on remnins essentially unchangedCHHEV04/000438
former is anal ogous to bul k)}gl ectrolysis in which all

of the analyte is electrolysed and Faraday's Law is
used to ¢ Qnt |nfa¥/ th(?1 c r@ﬁen”at' on by nmeasuring the
charge passed Fecange Ts anal ogous to anperonetric

met hOS&hceWﬁtB{&adlﬁé @Mld&dﬂ@un&é ﬁﬂﬁé fulty oﬂdusé&f&rﬁ%‘i‘ arbén
e(eéc&%&b I rat.e of masstr" nsfer 20 to the

c ©48 PFQ @ a gixeremRoLad wi GRastant. h%q“ 3 can
ctherefped bel Useito qmamw technalytd dvdicentegioht of
phot oel ectrocheni cal processes. Wien the exhaustive

degr alRinsiPahgpalytiGady %?Pﬂ!'@f}@‘écur{eﬂﬂés (ehehajge)(can be phtaingd
rrmuﬁ Shdy- etebﬁeoctrﬁtrﬁtﬁn@aég?éuébﬁe $HeRele8C Hhé mtz SO tehi ;ﬂoﬁc&&%d

? ti,on. period he anal yti cal i ncip can

S Bl or RGPy ARtiorgaac pl [ Tado R B ndrganiCamages (6.

rfFé3’Cdl 3NHyh NO{) N tmsmeuﬁeetr thefpropdses syteraan bé employédigs a
| ect rons tran({§et red uring the

SADySal: PeteoBh i etefiiyrat ol thategn 2o,
quhogtetattrochepiically oxidset bta Vit), wheetrodend nmw@mmm@rs

AR pday Suste o et 6 Ba RS il g
fajrafytesfca@azemmterm(nede C2), the value n f(r)]r a gi ven
t herefore

o an et st gerere wEBRR Dt isue8 rod Rofion GATIE, the Siect and
puantification ofeaygtedatecraixtuyesusf efganics tach Gislin €0Sor(BOD analysis)

218 pREL B BB @ B o ety el swsciese The prrpotsd2
shstasiachpapoyeal system dsgampble obfletosnniting isheh aassedaje properties
OJy%mnﬁné’ fhe c@\‘é/rd;eqq%ufidﬁo?n inaﬁf QQIrBh%toSQS&fo%ﬁe&Ea%

e proposed

I's respect
s@%f%\#@aﬁ?"@@“%dﬁp‘l"@%ﬂ“@gura (Eangi ver sal " det ect or

capabl e of »detecting any conpounds that can be 10
p@ot%’éFéYtidb‘Hem cally oxidi'Sed at a Ti O el ectrode.
In conbindtion with an appropriate separation system

(e.q. ThE’hﬁ)asuréh eh@ge,om né sihplydhe ®itallafduni of eRctrom fransféraBat
Cr%@ults?ro {hg rdg]gr%%aflon of all compounds in the sample. Given that oxidation
by O, can be represented as:

0,+ AHY +4e~ — 2H 0 (5)

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

g

Equivalent Oxygen Concentration (mole/ L) = 7 (6)

For exhaustive degradation, the equivalent COD value of the sample can
therefore be represented as:
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In terns of general water quality issues and pollution
control, the effect and quantification of aggregate
m xtures of organics (such as in COD or BOD anal ysi s)

15 are often nore inportant than the analysis
WP AYr@¥%Peci es. The proposed phot oel ectroche‘FﬁTEf‘%t'IJ2""‘”‘""’438
systemis capabl e of determéal ng such aggregate

properties by summing the arge neasured from

i ndi vi dual photo-el ectrochem cally degradabl e
COOZP)QM@dBoﬁI@})hd-nga-%EZ!!@OJre ( Eqn 4) Q(ﬂ)f |dt 1 1 1 c
I (4) 0 Th& nmeasur ed charg

ly t
t ot al "hthsﬁﬂ%e B?H%r%@?v%we f’?%[ﬁ%#t'ef\ %atlanttt@ymr%lgthr\sbim
tﬂsuiwéquhadabtbaﬁrr@ft aAd thecongmtratth dfthd ﬁﬂ@e@ﬁ Be d&¥eYcpR

Sl RO e SV SESARPSEy s e €

elaprd aatl &nR. Ifanjllmeelfﬂmtmolmnlcal Vb@tmmﬂidméltptuﬁémppﬁéat/ons.
en

R0 We sonk, FETNELYSH 208, AeE Wb orfes panpotion

ke s OansaeMnséaru(Wdo taareelecttodess di@otig prdportional to the

eéﬁ.fahy@gaemgﬂhé SRorddag, gy val ent 00D va e of

e sa e~ can ere ore be represented as: WO

2004/? / l(JZOQ 000438 14(g)COD (my / L of 02) =
4 Q x\320 O n th case of non-exhaustive

radation, th ntitative rel atjonship between

tﬁ%rﬁﬁgt'o%"rc?%ﬁﬂ%maﬁga?%e %BW? Fglf‘f‘?fh of the analyte
can becschecm?emd.on oS anyt@ ayme b}ekmfl.ﬁﬂﬁé Aemgl rl5 cgl ;
treatpent of . Ste r ansf er ar
and- L F RmeBsiraRsIa: CooBleat 1Aodikans ead L K Faulkner
gbt El@dsooﬁl Hmﬂﬂmmbs&gg%aﬁmka/ ead Apm@at:oqbomdhnmllga?/& éonsd

on nc itions O or ce
con@gc'}lﬁ%xork %@?wg{cg BF H(Paé"ég'efer cﬁ@fs %’F nt ndy=
el etbickerss of stagharddayley. proport | onal tot he
conceptrati dient at the el ectrode ( face.
dt K[ e”é” EB?E{BGI}“? @fe“i'é’ YW Adg Pﬂteetsﬁﬁgﬁtaf%?mawv‘%#
aamdllthe everall proeedsus kortolled byomassGransfer, Ahers 10,(x&0)<T,, &o that
a[&?bs/(&-eO)?-JCb.t H‘ﬁe %a%rtufrﬁ) ga‘%e g%gs%ct%nsfer, (dN/dfy is achieved and the

rate of overall reaction equals:

Rate = (d—N—) =kC, (9)
dr )]

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 =na( L) —nrake, (10
I

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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k = mass-transfer coefficient (A J. Bard and L. R
Faul kner, Electrochem cal Mt hods-Fundamental and
Applications. John Wley & Sons, Inc. New York. 2001]
which is = DA5, where D = diffusion coefficient and b

WO 24/088) kness of stagnant |ayer. When suf fPEV/ApRI04/000438

photo intensity and adequate_potential bias are
enpl oyed, and the overall 6Pocess is controlled by
mass transfer, then, CS(x=0)<<Ch, so that

[ Cb-Cs(x=0)]=Ch. The naxinun1rate of mass transfer,

(dN/ dtl')'n,s alnSIyﬁé‘dllb daﬂ?be %@ll@d &f dé?é’rﬁ'ljr?é &l:or{cgﬁgtl'oﬂé]of

O iy o8 ST seprcanb WBivetsal”detertinn svstem) e toaaaraate
i reixfuds of Of@m@'(md erfnite prb;fé?tlélwsl 'tbﬁ?gg Gg)rITZ]QLMIIEPfBﬁnula 10
ot.oel ect.r

RS B =5 e B AR B Rhonco: Bligls cancamration. fisthe
| applicatiag opthe fiodings feorh farmu)a (@A) to the dlbtérﬁfﬁdtn@n obeouzﬁtﬁé*t to
D NI
Thetheralagiesy ritandagd araiviieal and Malherbaticahtectmiguesmiay be used to
'd%‘b@féﬁé’t‘i‘\é Cdlﬁ*@ﬁ@sérﬁplgﬁ' hﬂ éhrﬂi[ﬂn%gﬁoté&{?reﬂyr%%&{rg%iq\ée the

ations Ip ween ocurren
cpg'ﬁ@@i%tf%hea}'%ﬁe'btﬁaww a nanepactipylatr:TiDe gemitenduxtive blectrode

[ tHeGhairer 8éscAbéd MShére d¥¥e 2@8¢/ 088305
PCT/ AU2004/ 000438 15 This anal ytical principle can

again be applied to determ ne concentratl ons of

i versal"
ﬁ.ﬁ Ig hﬁ serve as a "un

aggregate mxtures of

FORMATION OP 1965 BLECTROBEOPEr ti es such as COD). Wil st

fQrmu above may allow for the general
c?st er%i"?é?‘?'ﬁl‘?fafo%l%e concentrati on, is the

app! i f rom e
iy e e SN
dronmwse, tof1 50mED. dMtdey acit aglehaon undbhﬂoq:rbusmtlrmg at room
t I.C an hemat i
RO LS OB 0L o P2 ABE v
daagievefpeptizatine. rmem:aupuugs treatfitersd temreinove m&@_epﬁzlea 10
r LLLsing. a nanoparticul ate
SO0 SE B S o hush AR BROBRS b b
ihmdratheenallyitrgatedir Roautoclave 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 TiO2 weight. The colloid thus obtained was used for the preparation
TiO2 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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METHOD OF DETERM NI NG COD FORMATI ON OF Ti 02 ELECTRODE
15 A) Synthesis of Ti02 Colloid Al) A m xture of

12.5mL titani um butoxi de and 4m i sopropyl al cohol was
added, drop-w se, to 150nl0.1 Mnitric acid solution
WA or ous stirring at room tenperat ur ePCTEAYRP4/000438
the hydrolysis the slurry heated to 80C and

stirred for 8h to achi evewagpti zation. The colloid is

B8Rl L SRl BB BT, CRARRPR e ot vater
nlammpmateddb 88°C ahbstied| contthuoasly fonyl dihotise IApptdxim4télg abed

[ ) ing. th
o IR Gay b erisog bl g s torihin 4 Rk gl veseer
vitee Thedizepof thediDysynthesised acnordifghe thip arddedire vasrgim d S

| Angd6r d A@EnRf 8 to 10nmas characterised by
transm ssion el ectron nmicroscopy (TEM. Water was

d
gosA)e tl';ile gﬁl!jd% JP&%%M ‘:?Z; Wi ;"y&@@ ' ﬁd&&’&a\;&ﬁ&ﬁor Parr

cfeﬂnﬂta igfd iaqtoglayed fon 1 2 hewrs °C@@%r@ponqeetratirmzonmnomy
@tdr% 8ot (R) Fél%bmhg?ﬁda WA sf:&fs %Jwgdangmgﬁt 48%
or ous ectro

nano %
ngS\SQh U“@)ﬁﬂﬂﬁ @ -B%R 5910 %)Ofﬁ e'del sohtion) of Carbowax

ts benwasTaddedt e e (tibh Ahd StitredAbt ABpASMMatel 2 rﬁiﬁﬁféé.at ely
measured into a 150 cnB droppi ng 30 funnel e

resulting solution was added over 15 minutes with
vigorous stirring to 600 cnB of ultrapure deionized
vidk er Ifim@bilisitign ofiTiQ.film andfOgass | ask. On t he
conpletion of the addition, 4.0 cnB of 70%nnitric acid
(BR gFudin dened iigiusoxide) somtvcinmalasssiges were used as the

RGabbirae W%%Qﬁgﬁloﬁ & 1id) ‘ﬁaﬁ;ﬁl’ek‘t *1'9 Betaasclﬁarfﬁmdtcé ltIQQITO Q.glass

h%ent he sol ution was I mmer

de was P@tfgéﬁdé’a{d"%{‘ inp H’é&&'"b\eﬂ'ﬁ"t ﬁ’ﬁﬁﬁf@a%q yatep raﬂﬂ@tfr?@elr sAfter
App patreamiedk the400 snwﬁas)aup@omhu irethe @bb@ @Eﬂabndammlbﬁ from

d d d
LR TP S8 pleR e bn Sy PRE s e iR g s00 to
t800sC m@uggh\/\/&'he pantigla sge oATiP3 offtheSfi Itn@ ch&rab@tiset ¥ x-ray
i red above

C i dal

e icho Fadtudl PR meg Sy STl Bia apedioropmas
h&ons st 126 Ofilarfatase phasecatit sdh thegange & 0. D1080%.
evaporator to 8% (ww), resulting in a white

R - ViGxdibnss weist irepated insodlean room engivenmRrd D mnghe

:%Hﬁmaﬁi?h g@ﬁw chJrs’E%arﬁQeé nTlé%%BH%ﬁcd%ftlr&%{%'G@ ﬁ{;}rﬂ‘%‘z above,
SsRtirTes Vigrepusly iand subieesed toghe bimserieirsatmentfon2A minutes
prior to a dip coating process to achieve a consistent, reproducible homogeneous
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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B) Immobilisation of TiO2 filmon ITO glass 131) ITO
(tin doped iridium oxide) conducting glass slides were
used as the substrate for inmobilisation of Ti02

‘gartl cles. To get a clean surface the I1TO glass 15

PRYAOFILS pretreated by washing in turn w t PCT/AU2004/000438

detergent, water, and ethangl. After the pretreatnent
the I TO slide was dip-coat ed’in the above coll oi dal

SR BBE e RSRR BB, bt
fspeed d@ingttbe 8iprcoafiige particle size of Ti 02 on the

films characterised by x-ray diffraction and scanning
dblect Benerdl Setupafthe PBetdeldactrochemical System of 10nmto

20 10ﬁi@”ﬁz§-ﬁkﬂ~§th€ sEhﬁrhéth/c}?ﬂ%t @%ﬁl{r@ﬁ@aﬁget {dtghd S 1N the
e

range of 0.1 to 50% epreparedln
Phefoslastr ?%m'%ﬁ??tﬁefm*ﬁesdﬁ o IfHminatiop svascarmiedraub usinga 150W

fxream dﬂéSém;DﬁgHt 568 with ifdtsihg ldnet S @F- ﬁdmlgega }g{ ec,%ﬁ%g»

rgm ? ? was stirred vigorously an

'BS E%entﬂ 9akeid the ?a@é&'m'ﬂﬂon&emg@emeﬁmpéy mqﬁrp@ fighthe

dight leaai wagp4ssed an $J\I~l§bn@|0d%ls§ﬂlfér %UG @nﬁl/@d?dh: Es_r(l)’ty Llnalted) prior
ene e sl i

(B aBbhg e SRR R et o Turtishif e s @ cansstina e

aimd Qftsofginesillomimatied by washing in turn with detergent,

wat er, acetone and water, and finally dried by pure
ni t r ogenerall, peotogleetrachemicatemperiménds Wefe parfotmetvirsa thirge-

%@é&?r@ge YekfbchBfichl O vﬁ?nl a{agékmr%% bifuRRh @%boﬂ?wsﬁanﬁ"m

I'p coatlng equil pnen aW| ng
@®lestrode was ingfaliedin anriectivde balder with ¢ao 8 65cme feft unkealeB® be

‘é&b&de@Q@tHerhoﬂJtBHffcfr llﬁm{)ﬁ’aﬁiﬁﬁ%ﬁ? ﬁsotéégﬁ'offﬂém@%l r@h&ﬁ%ei i n

he nanoporous Ti 0 ness and

éﬁ&!%t%/\aw@l elpetrode andia platinue meshavesp ugeshasl theTaterance and
%%%%&Be?@&bé&ﬂ&@b R4 /P0RA4BModraph {((1)‘1/-{2}7 BASﬁwQé bdearigmnt
esses ., can e on ro I N
PP IEARET SR R B SRt e traments Retapta
Sat eprrerit stghelsmm oxosdet using anwmiltosﬁymt mé?lf(ﬂ%zr?k?hows
t t u (0] e
o8 REdTiblio 900 I raeB AR HEEREMSE o 71 Pt mat on

S Cigd OW xenon arc lanp Iight
\sm;urce wh?% ‘?}%&ﬁﬁ g egﬁé%s (HF- 200W 95, Beijing
on

&3 i cBxhaustive dearadation cauditions d t he sarrpl e sol ution
gi n heat ed- by infrared Ii t he ght beam was
% an Ange Hfﬁﬁy SIEHL S setyr (spe gtséf ), t&@@upmﬂ"&elwgplyte
lsbmldsmdas mmpud thtdugh hrhetwﬁdtbaécﬂacrféfrmédn eeledaQﬁwléyé? cell).
urface shutt ? gon H
%&s 29 ngf_l'gf P ALL] gﬁpﬁﬁgfe&pce electrode was applle Once the
stable baseline was obtained, the pump was stopped. The photo shutter was then
switched on fo 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 (izackground) Was resulted from the

photocatalytic oxidation of water. Integrating isscigrouna With time we can obtain the
background charge, Qgackground.

Step 2: After the measurement of Qgacigrouna, the photo shutter was switched
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General Iy, photoel ectrochem cal experinments were
performed in a three- electrode el ectrochem cal cell
with a quartz wi ndow for illumnation. The Ti02 film

el ectrode was installed in an el ectrode holder with
Q2P | eft unseal ed to be exposed to PHEAU2004/000438
solution for illum nation and photoel ectrochem cal
reaction. A 15 saturated Ag/8yCl el ectrode and a

CPE Rt LIS RSt Sartie 5oiifor, opith ARRIGR R comoerbatonayeS)
wiajectesidmto tio phoacmé:dtmendnacaméu s wﬁdtt@thtabiha%ammes\tomﬁé/

S Su ne S. .. entl a .an L.
SGREBIR AL L IRBEHFRER S S EoharBb it oraics
clhasamele Was22o hizbdhen aroappremiatendilatioviimhybe AdQired pedrities e

; DSt ; t procedures:
e O e hme bl A S T S ehbeed g
st8 pbatoj shulieriwagswitskas ¢ri. gThe Cur@ni-timé profileppas mieasyred (see
efi I t ' :

o oc e E) PR BitaP® ol HERES e ol itideDftent (ren gt
pGEWled;ifiam e oxigatien of walerand orgagics. Semerte theeaksve diyr ode

ViBRgRIBAY i-50 withXaeR Wetfavd he ot brarba gl d,ne was obt ai ned,
the punp was stopped. The photo Shutter was then

sSdep@ned o&nt@malr?btokgréﬂhdlrohdigat 'QQJng,Lu?q_ fs%aé‘dhsfah?foa the g(ijven

el ect. ot pca ic reaction gccurred an

L0 oo B BB 2 R Hedaon

E the eamﬁliegthmfe)fmra,rtble nefadw)argemfeaf (e steded aﬁaacsrnbwaﬁrlt Fig 10) that
QL romthe ot ocatal ytic

OH)%I at% iglg)n ofg o\ﬁg?@orr{&fbﬁaégcgé?? ﬁa OF)EE'EQ&’ 3Hﬁtﬁa Qﬁ’et i me

vitackgraurbehsrge frorp thestotabehiskge, dhatis: char ge, QBackgr ound

Step 2: After the neasurenent of (Background, the
pRetRetinQeetoomas swit ched WO 2004/ 088305
=]

/ 004/ 000438 1 of nd | to 200pl of sanple
S 18 e 20 e S shther i elsdilen fordaghto thop@eatin 1)
| girice it Ire qejoatiael ectrochem cal cell (It is to note that
the sanple volune injected is depending the volune of

the cell and ifQfhe concentratiop, of organics in the
S L8 A Qzéaﬁ,—@{%m% an appr&bri ate dilution may
be required prior the 5 injection). Once the sanple
iis@onstant@ng éisdppwn sampleivelupenp was st opped and  the

[FrePeatind $1e L2 aN@S toMdlsRGExPmpldle Current -time

fi he wa neasure?iés_ee Fi gl 10 curve (b)). The
g{f‘l"re P“'(%f'ﬁﬁ‘?f@’&q?@ ationiqopditions| phot ocur r ent
(ThEaystein sefap wak eamb s deédrBBY bb@eQ&@ﬂ? oQrs) @kcepRingt a
and ar.ga LES, Sage to the atbo%/‘cgé bx i ntegrati n_c|1 I Tot e,
et e on 59 Lwas empigyeg to csplicsdNe tinader cell. The

measurement can be done by using a standard addition 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/AgClI 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



10 Step 3: Since the background charge, Beckgmund, is
a constant for the given experinental conditions and
the total charge, Qote,, varied with the

concentration of the sanple, therefore, the net
¥Rar4@s83thet (the shadedngrea shown in Fig 105T/Ay24p4/000438
resulted fromthe oxidation of organics can be

obt ai ned by subtracting thegoackground charge fromthe

total char t hat :
PhSesHA PR eioDPePISan e “BAFCLId DR Pl e te
pevofledi(se® Rig 7tdueveqd))aThe bagkgjouns carcenti(ikclyrbifa) e aesubed

2000 (7) F is a constant
go’gtﬁfn&%m?(%%ﬁm%f%n %ﬁé 20 Repeating steps 2 and

: §t d:?% 3”6" Kftbrthd séémé}mof ive é‘%‘"d NS pRBHSHdr Wais switched
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ation con t1ons en1set up was sane as
g8 <0d Aldm|do bl @éwnn:te gol;zﬂan veyh appEphiate; q%?éfﬁfﬁ“%\"ﬁﬁ

friéé?:%cflhfoqv& Bh&t@éllacﬂ/&ﬁer%’al' QY adist® nbteBhAGR §aﬁﬁplé folame

yer cel measur enent  can
mntﬁﬂds eem"tg 69 valmg S thercef andif ﬁ@rm"%ﬂt@ﬁP f afgianis in
|ﬁr§dgtob h.Jrhmeﬁ CTY atpprbpm? gilugioh hdyyie&eqmiedtpnomhwas
u oel e
pmed s 6. semole hetos §eg ROrnBERS e BB s sidbreg and
ZnPphotd shuttér Wasiswitubied ohi ahe Clrrert:tde profile msﬁgicmy{dl (see Fig
[Z;fgg{ee(ﬁﬁ e\xglg %ﬁ%%rﬁ%ﬁga@e%mgéa B 'th%gbtal émﬁ?f S gt (? %f’tlhgt re%ulted

Sfoni the bxidtionoaf waterrandwrdanlted on to al | ow UV radi atl on
to reach the electrode. The WO 2004/ 088305
FS2ap 31U2000rte tsdeasiurementob mat wasyaompleted, dhe phete slyiter was

%Wﬂcﬂ%%&p%ﬁekgé §H1ng) fS‘r‘hfcﬁf%mbi)e%luﬁér?f:br{tﬁnﬁgrén R@propriate

recor curve round current
(qob@amrgmmcpf@;anﬂa@ vessipiegted inte rﬁ*PFP@'eﬁﬁealf@a?aéP I @nee
?Pééégagﬁ;blg i’hneébﬁuoﬁ\ﬂfag bomﬁbﬁsﬂhﬁe pdinpavastsisppet and thenphoto siutter
u of o _shutter wa
s b ety ke Bien g PLovle et Penited (oRe Bigor G (e The
Cd@lﬂ't@ﬁtrtlibit@ﬁéd]ﬁbr:mhe :ph@teatrtedt {isaboem)tiineet resulted from the oxidation
ot oel ectrocheni ca t
Eekpfet a0 s wameg Boekiproelaasiile b PRt Bonddts, .o
Cil“ and 'Af%e?“‘?ehé?b%%ﬁﬁ%g@réhgﬁ‘ts%e@Cﬂf‘@ftﬁésfrﬂ{)letcgﬁbe
appropriate di on nmay

kxelqumsd aeedrding tolthQ equatiom(18bt i on) . Once the sarrpl e

i njection was conpleted, the pu
J The limiting currenrﬁ for each case (j; bmﬂ,ﬁmd‘”ﬁ( ) ando Iﬁg)? 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:
iy sampte= Ii(1) = Iy background

Net limiting photocurrents (or current) for the sample with standard:
Iy standara= i(2) - I background

According to equation (10), above, we have:
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10 the photo shutter was switched on. The Current-tine
profile was recorded (see Fig 7 curve (b)). The
current obtained here is the total photocurrent

itotal) that resulted fromthe oxidation of water

RABOFEM cs. Step 3: Once the measurenent ofCT/ABIUAH000438

was conpl eted, the photo shutter was sw tched off and
a 0.5nl to 2.5nl of sanple s ution cont ai ni ng an
appropriate 15 concentration of standard was injected
into the photoel ectrochenical cell. Once the sanple

|nJ ectio conpl ete the punp was stopped and the
phete sﬁ@f%&o m,,g,p The current-tine

profile was recorded (see Fig 7 curve (c)). The

C lighdaBd & NEBEEC OB erpe FECOB NG BIAICODL 60+ [€OH ]ag,g da, d)
that resulted fromthe oxidation of water 11e
oWheIRi KR FAK issoednstant fpr aagives sexperien eated cbrhtbtrmdded

sﬁ-ﬁ@@@ma@qﬁﬁ rﬁpleé%lﬂﬁd the above neasurenents, the

of the san'p e can cal cul ated according to the
equatl on (10): qu [imting current for each case (it

d——l—l—%ﬂg—&ﬂ-d-xl[C(Q@%]%ﬂ%éan be obtained by

neasurr ng ‘Hth@ara T Gadiplecur r e | ue fromeach curve,
for exanple, at 45s (see Figure 5). The net limting

PRepet ter steps fo0f fof the nagiBahfplesol ution (i, (1)) and for
the 25 sanple with added standard (i, (2)) can then be

](c:thlLbeaap@cbcrd‘tm byt Ihmtptersmag erhfrI iR é@ﬂiaﬁth(e@fecéégafﬁ nt)
S PEcRE R o B e bR @ W e Sestorvis mimerpmiaing

t ofea peasqpiabcamiputerst andard: it standard= i, (2) - 11

background 30 According to equation (10), above, we
have: wem@arf@fseg@etm@’rmwmm dtiwesproelebtrochemical

:%E&KE hs T, Qﬁme th@&g%gsr?g\ﬁ ;ﬁd %Qﬂéﬁ [c%&__slaat%rtrf?#qﬁé dssay
1@%& oa(j{ﬁr%e %WBP%rWAfR"qV@”QaeWPiQSant for a given
SRR SR ol sl 2o

' | st afiapbiotbéleetrrhemical experrment was performed in a three-electrode
electrochemical batch 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? Ieft
unsealed to be exposed to the solution for illumination and photoelectrochemical
reaction. 0.1M NaNO; 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 NaNOjs 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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Repeat the steps 2 to 4 for the next sanmple. It wll
be appreciated by the person skilled in the art that
the necessary conputations set out above may be

automated with the appropriate programmng of a
WerLBE onput er. 10 There are a few oper at PErAp2004/000438
nodes with different photoe| ectrochem cal reactor

designs (i.e. online thin-| 1yer flow cell, and batch
GEIDHEE R een S BEISORIRG ox Tt I B BP0t Bas o
@020V iwWasadbliedaril 2MCRBNOs wag updtbasosupporing elEoteolyte. Firstly, a
e d i
PR G RAE PG AR B 4B MEROER Cort W T
qhaioelectrachemioaf il withlasyrings arsha blanistiansient phdtpgject®lysiBhe
T ' I
Sebprl a2 FhRREEHHRPC rHE AL AR R hle BRI e eDs e e e
shotoeurent fasched staadyriateo mhemspmnes erataiting ewaBIRicempounds
%ﬁé‘@M‘ N0 PwereWhj Nﬁmmﬂ% tHin %}er"@e‘ﬂ ag &b @a?nﬁl@ﬁansnent

upporting electro te. A poténtial _bias of +0.

abﬁqoﬁléatf%ts'?c Wes Binecig Ba%toatﬂ eent-ime PF‘W{? WavoTeseded éﬁtt' éhe
\bﬁétﬁc@rﬂerﬁ)E&ﬁhétﬁﬁeédvstéiéflﬁdiéﬁiﬁb tey @gsm@ c@ﬁme ®ave been

trat h d
SRR, PSlerbtebee. T Rl v arasREC T SYRRoB Sl
&Bld’lnér’tnl@et\Nbérﬁédmh&ahpM V\:I"hhblﬁ% smbgrbtmmtth\a&phetlobaimu-tntm profile
ana n i ar ec i nea
SMEs e SRRl okl PP, ThE hEBhclrerroR BafsiR sample
@pabralfnk trarsiéntphetoelected|yis \:mnsiakqm hsaﬂnmealytfldwsgnail \?I?}IDN) &l
Si and.

S PR 0 e R A e iy
703 | ddsiiric2fo b S6B gﬂghszﬁéé Qﬁzﬁ iﬁ[‘ this case
v ment was carried out Ih a thin-layer WD
2004/ Begdry3heese mm’@%@@oﬂ?"trmﬂ'@f&' e’k R Jewdniectiap

%ﬁbl s.@%FlAhgwfénh WaEirﬂafpeﬁatéd igfdhécob m&mmamah Witaghef

t
SPEBIREIT e R DRt C0i Yot MRS WAL BaIER I EAG i1hY
Wﬂiéctioﬁjofﬁérﬁﬂ% atdcdlllvieahihig mvdsa:y)mrolleﬂ lb@tadA eamramrigeysteai
ce W a

nd, a ansij.e

g bekip o 73 B8 Py € Bahl BARRE T pnigctope oot

m:IHahmguvhﬂe Puntpi 2ioesitiod sdneplevingectiac (RA)ed potential Hidseof +0.20V
t .

ARl SR SRS a8 L880 SRl FRSL R B campe.
iFrirstiy; e NﬂN@s eleetrolyte rsoluhqmwas:mmpea!ﬁdtoﬂh@th@’ahwe
6{?@{6 |e€f?6chem eal tgﬁ'-‘w Y $h& a Wk 'ErHﬁ’sn CpT'E)ﬁotoelec%olySIs was

ocurrent e was recorde
run as a blank sample The photocurrent-time profile was recorded until the
photocurrent reached steady state. Then samples containing organic compounds
and 2M NaNO; were pumped into the thin-layer cell by Pump 2 and the sample
transient photoelectrolysis was run. The photdcurrent-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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photocurrent attained steady state, indicating the
organi ¢ conpounds have been 10 exhaustively

phot oel ectrol ysed. The cell was washed wi th supporting
el ectrol sol ution between each sanple injection.
Wﬂ?@g’#’%&i‘gﬁg the photocurrent-time profile diGRAUPE00438
phot ocat al yti c oxi dation charge. The charge difference
bet ween sanple and bl ank tr23n3| ent phot oel ectrol ysis

tical nal., which is direct
pro o@tﬂ%&%‘%f; “{hbc‘% %g? val ueP oP joyal|te; the, D vl CODy
dealés wasiean dermcedpl e 3. Quantificati on of COD using
charges and FI A Besides the use of the thin-Iayer

phot oel ectrochem cal cell, a flow injection analysis
(Example ds Quantifieationf GO usivg contiouousfl@@mode

det er Begiaéd MR -us¥iof thelthif-a ﬁfg@&&@%éﬂgph%lcﬂ%g alrcwv mjec ioh

mnation was re

i ?ﬂaé’élsl(g ) §YStemWasdrcosprIated into te 0D dgtewamat]mrmtfm | ed
bcc:n&ndauéﬂﬁwfbfpé@tlbhél%O%SWWtR@c&ﬁb@&;B% fFA t'élhg:rvpagﬁg%

? i eves the bl ank i nj ec
céejﬂr{%m"a IR0, WaR (ealied: niIFpase. E!‘Gé'@ie‘itﬁ@ oéaamples ang eafitdleaning
(VRS contholfzaltigrd Fial coatrolingdystsh a‘@éﬁowmﬁ FRP B{U%e?hgﬂﬂnl?— M
B 8o PR e bt esbc o s
pinﬁpmlple injestiphe Atpjotentialdyey of +pnovws@pblrémm12lm NaN@@ Was
e ATt el R OB SR Bt o
ghephatecatalysis eftbe tladk aa'rnplé giveea sfEady bassline. nAn fr@ébﬁbﬁ? of
%Taﬁf%%cﬁﬁga%ﬁ%o%gﬁhe ﬁaﬁggurﬁ:% tr?ngk{Jh%g HP‘%WJ Qw the
nﬁ’ﬁﬁta%'ﬁ of 83mplp Jakes pface. 5hmmakeshsaeqaplmto¢urmnsmrﬁ@proﬂe
Rﬁﬁb@@é&?&é&lrﬁlﬁhé p‘ﬁ@t%cur%?rt aﬂ—ﬁﬁeﬂ%{eﬂﬁufr{d%a{mé {h[en% anic

profil e was ot ocurrent- a

SPrRgyndshave lbe?mah%%%'??ﬁ@%ﬁ% Hreg%ﬁaqt sargelensan thes b@cbnmteda

Heremalyzio 2 COD vty ofthe 6 ARPIE €hrh BE YStBANiIndd) S}{ febiunft lther
v¥|th su ortln | ectrol yte squmn%

E‘%?@\ggﬁh L gﬁalggﬁm(léy m%qfazlag the; Ae8 PRetocurrent) since both peak

ihleighbane peaitardd are directfyi grépodtionaio tteecobafaneat al yti c

oxi dation charge. The charge . difference between

anpl e and bl ank transient photoel ectrolysis was taken
Jyptcnbemrmmsm% PCT/ AU2004/ 000438 22 anal yti cal

o 0 B g B R Blne s
Quizaustivel pratoetectothdBital dsgragationprodedsUendsravtoNB@Rt Aplie
BB i e et bReTolh B Gk was
approximatedit zeto.i bipon tilhminGM, thet csrrghiiatreasedvapidlydefore
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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conti nuous flow operational node. Wth the conbination
of FIA, automatic COD determ nation was realised. In
this case, the injection of sanples and cell cleaning
was controlled by a FIA controlling systemas shown in

P JU488895 The bl ank 10 sanple is conti nuousTGT/HUAME3S

through the cell and an injector is enployed for the

sanpl e injection. A potent iZ22 bias of +0.20V was .
lied d 2M Na t

e e dnibecupie)  ACLPUTIG Mo D HTSRATErb

E4rDien b @séthfor avatizbsinsose$ (Edre1 )l ank sanpl e gives a
st eady baseline. An injection of ?r}?l e contain
fldF‘Pg‘tels

or garfirelinoans 6eswis obtaingd dem senge, Pfe‘?fﬂ ic EMBOYNG|
Rﬁ @féﬁ%ﬁhw a?ppfnéab?@m?éu%oh@b@.ﬁsnh@@@gatadw(:sea¢=<'r§< 9§havmh 1

rrent-time profi can b

EiRSEoRneBk 2 SO Biskeger Rt S RGNS ~cFeliee
swmﬁﬁm%cuhee/e éneteiﬁ-gmb:glt welgaﬁfrtddc)d:‘» 8ck glﬂ'dMB)nthfrezmmﬂ &
can n ecte or, _anal vs
B2 409 o APEPisPArosl o Jeraitbaton 8 48 altin sbBun.
frﬁfe glbbesonsf theRrl carnea ($emgitivity) agr wsttem;metdihy the alass tra?(sfer

oc S area
Boahcirit oy s b Rerop PR e g S el 0
phﬂeeleﬂmhdmcaledﬂgradaatlﬁmg 8 shows a typl cal
photocurrent-tinme curve obtained froma non-

exhaUBte photgshaenidimaprofie wvbar exdiaugtivghatoelesiopientied s
U@@%Haﬁ%n 5%%@%5 FRPHItS Be sidaPRtatlof fle.nontExRaldife | | ght

svmt he residual current

gradgtmgmgg(qqqﬁpécpejpt that g ste%ybﬁa}q qhemcHré?rsté:ﬁn opp{g:e acnlezled
Giteh @l bf the %fg%ﬁ:%n{p@ph@kl Weﬂé%ﬁgmeﬂe aaHisicasepthe stdaeadiate

state value. This ste S urrent imtin
Bhaeint BRE pUrsline: 6 At siappof AP CHI e sasfifubtiaciee
Ifl%ndthe tdtal comest (t-'igams)f drigure h stexivs thétypisel pretecyoreiy tives

Ip§0 astol gﬁln{;ﬂ@%ﬂgﬁ bl ke Lh an? te%ﬁ&fsttlv@ ﬁt&t&l@ctrd@hér?ﬁal

ortl ona conc ntrat i on
tdegraaahdrypreces%fhrephthﬁi@raq@ndul@blat)k elgetrolyte solutions. It can be

RAh Bk ! BERGRLA BeeRXhi IR 1R AHSRATRAB P8bad value,

I'S cons gl ven pH and supporting
eVvhiaht was guedo shenoddation of water. Tihis n,qt_qd thqtﬁlimq plﬁ@k photocurrent

bRttt dn§ g'n%l ‘blarlk; elec‘tr’b@lfé%d'ldtlﬁg wak 9U?feW7cﬁ.|eYtb %@d)hd’a’flfbh of)

can be rea

3G DSOS PRSPPI RIEIGH 98 D SHHEIRdE A el 2o solutor
a‘{?@f‘%‘gﬁr ?@nc%&relt'\f&n‘iﬁ@néﬁfsl éHe |2Hﬂd\wﬁfot6‘e‘6@&bémiﬂlu€abmbatlon
Tt P A R 15 o e oA gpaienier waBh LG T S,
ra%rta@ bRhk PR@EdUrRnE owcaxpémnemalureams showe thEtthatlank 10
P ofo&ﬁ%ﬁg\%lsefsggntlally cons%?%w-le gl s%{ 61‘%@(&8!%1&&8@00%@%5.
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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5 p- chl or ophenol ; 2 = potassi um hydrogen pht hal at e;

3 nmet hanol ; 4 = d-glucose; 5 = malonic acid; 6 =

succinic acid; 7 = glutaric acid; 8 = glycine). As
redicted, i was found to be dlrectly proportiona

'§82WH@”98%centratlon of the organi c conpoundPCT/AH04/000438

slopes of the ii-C curves (sensitivity) are determ ned
by the nass transfer coef fi%4 ent (k) and the nunber

0 I rans anfe d (n) durin 10
%0'1%8 t%e“&"? 9n T notg'éradat cate ¢ '%t'?i"pes of the Q-C curves
hensmut(y} were-depamdent ofily be thef nuatbee shéleditony Qansferred (n) The

P8 ¥ STl SERH AL et iR SR

piderhes deyeleping theazrorwssd eyatym stma dunplectal cletection system for
ORbiNidos aljtkved when all of the organic conpounds
were consummed. In this case, the steady state 15

phot odibepessibility of applvihg/thd peopiosed inethod fataletepminiy Ateyate

R U S TR P e R e

t $qht§|on,§pqia$awe hydrogénpidhdlate (KPR apd asymthelizsmictture Wl!h Rdibwn

S C i on roc
80D Bl 3s RURGFRABRE L T2 BRoye RERRRORI bt e
preameﬁfél CQPesglueh saccotdingdb etiaation 73 and sten@eye con Vehues
tE)E@ SSRENES
Sl dalesnisaRRd flo SO0 iRl frerthitlfbd ) P of1de
8Prent obtained fromthe blank el ectrol yte
sméauwambmrggmgw due to the oxidation of water,

whi | e th eﬁ’ ga (ﬁ rrent obtained fromthe el ectrode in
pht hafPY¥ xBerentyyastenstarsamples wereepliegied &m various

oomwmnm Q,ue@rﬁ&aﬂd$Ad$t%h§ afeh aﬁ&sbﬁa@é alﬁﬁubﬁ 'HHCs%hO;l)Ies were
her is

f h d
b2 630 0B B8R sbo i Fen Db e S bRsSome
be@rﬂkobrvelues obtaimet fro@the exprethodnfoabll saapibs vecthaved

tc!bﬁrela@bearﬁl s@x’&tﬁm irP pgt@c lArJo?rQ atix\@g?e(?f?%ere?gt .'(?1 %J(% Cdo :g%% a&t

for the give f “experinen
f- %%W@rem@tqmdu EBUS meiaps guran@;bocpa@gm thesarhe O ea@sas the

Csi?éh&éﬁj OBDbAH&RE. PYhis Hé%@r%ﬁr@fe‘s%t%r @Eﬁpa %Oécigjm{ekr)!g{&mg%

and bl ank photocurrent. eren
t§tndajdomethed & predigting th%?%‘éﬂ“@é Q due to the

phot ogkgﬁbrecs:hem cal 30 oxidation of phthalic acid,
which is 1 ndicated as the shaded area in Fig 10. The
rterndriog ©f CQD in@yniheissdngtesdoy i ntegration of net

phot ocurrent within the degradation period as

déwassiené dowrinjestign IBiguras 4paneds)do edtehyinE@OD f adlebls solution

e 00 PR sya B0, sdrhishreBice W Hlek ol chemjcals, e
tgiucs:)se;agl@tamm@osi dpe4 aid sherogp.C The iew réquiradifoi \& single
WELRUARRSD %?H - ﬂ{rr% PRufeNfs SiiRGhe RiitrhRl dAS of the various

transferred
organic compounds in terms of puM 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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results in Fig. 9 and 11 (having conformed to theory)
denonstrated the possibili ty of further devel oping
t he proposed systeminto a Iuni Vers?ll'lh det eo})l Iont o

or 5 individual analytes e possibili
‘?;{éﬁl"voﬁgﬁ"st he proposed method for determ ning %E@Fé{jﬁ?"g‘m
properties such as COD was also tested. We chose the
APHA CO) standard test sol 8} on (pot assi um hydr ogen

PR ™ W L e

Cfﬁalc&qfﬁt i dYithb rendecreasee ofl Gramsteresd mﬁgﬁs peDMbM, URS sucrose
t ue

(pragy doom teaopualbal foohdndt ARARIC BV AbH e, proanic

oFRMARQYEHS igiveniwar glestiens parxmolpl andsheReal tha\sehsitivitatdetreases.

Sanp leRplainE@ hd 8EMLitivike orddr fif ?fg?éét 12@32?%8 rtﬁ?],%{rﬁ-lﬁ Slectron

wer e ooIIeoted fromVvari ous ndustri es
QIWBRRE | (An he censenteatipns ofAhe eiganip sempeungdsevere cotvectad frainl uM

e SR COD R b, e amie etk sigetiel dff e same
gg?%ﬁ NELE PhiBined frr theyeelagtedherganiesin Rigure d4bpiThis implied that the
t prestoelextrotitnait & detitthr SRIAIBE tHe :ﬂ‘)oge $%anl%§ "E@Heesaﬂe' &tent, ie.

and s| ope

C@?E?H?@‘t?e"rg?m%gnﬁ%%@ 055P oXERS wd&carafr@t%v aibthe anineraisption

vwasuaz:hwed h&he BeistiondmindipeWRsTRérBREL valihedd TRBASE %ﬁé\ﬁ? by
t he st andar d net

tﬂg%? drctin %B@ﬁ'@%&aﬁﬁb%%@eor SHHIQP walkes 25 shawain Gigure
of4csiDgigiucSpe trardline as atapkiad chlittatisecuple. fHHevink i Sé%'tﬂf)rgans a
s, sol
RECRoRT S R 0 U R RSt
viserglynese asr g salitrationestandiards fo determine OO 98lue JorUthaNinknown

ainthle. CGA and sucrose The tinme required for a single
ure 14 shows the

QEWF%%%'H? "r‘ﬁté'iﬁ Oéteslront'ﬁ@t vfé? $ 0e COPyithi & lineanangedsp for60
tepE0T cbh aedadhien eildd@la{hecgaeﬁﬂ@ﬁt%f‘%r%ﬁﬂoﬂg employed using
ectiv e a shows th t he
p?ﬁ‘b‘f’fﬂ%ﬁéc%%%eﬂ?gg’gﬂ d eE%fS(Ff'Oﬁa'de@aai bg @xiended further by
L REL Rt o e el P e hireasg oy
nics in regards o
At 30l BRR bt aGA,

sensi Sn the order of sucr ose, .
g?apm;tuelbmtyda@j stahilityc ar@Cingbortdiiti gararfiefe C fod 36 LBSURESRBF the

PCT/ AU2004/ 000438
g%@%f&mdﬁec? spon?eUtrepro uc%ql?y OP ﬁwsesgesnsor to 100 pM glucose was
studied using repeated determinations (n=12) and RSD% was found to be 0.8%,

The detector is relativély 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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exhaustive oxidation reactions. Wth the decrease of
transferred el ectrons per nole, i.e. sucrose (n=48),

GGA (n:4ﬁg, gl ucose (n=24) and glutamc acid én:‘:}‘%‘),
VRSIBOBEM ¢  conmpounds give fewer el ectrons PelAHYIH000438
and hence the sensitivity decreases. 5 This explained
the sensitivity order in F|§ re 14a. Wth the

transferred el ectron nunbe oncent.ratiqgn
oA O S B BOHHE A o VBRI (SRR g Stale
tWB@T el aledtro@lag aloti being uppdnit i$ Hiteds withe Mili4Gs ivatev iahd efore in

S B i b Ry e s AR B e
pﬁydto:peihetyt ridetfoulingaof efestrode, avhmxusd:pmrimatab@w adsorption
oJfgﬁ nic g&ﬂpé&%gw%ﬁﬁheaf %adter%l whS P ®beEed! 'a?tcar storage.

und ave been OxI di se scrimnately a
rﬁ!&velcl%ﬁ io§ 4his.0Avennaeraanfewy days, fhaeesedeenly APopE iSnetines to
V}@gerg?ﬁé ?f‘:é)uéaed\@édtr‘éaé ?@acciﬂh@%%tdb‘ﬁe [ Wstarmr%t dététion of
ECOD val ues against the theoretical COD values as
sHERmgAiA- Fi gure 14c using gl ucose trendline as
standard calibration curve. The |line of best fit has a
sl ope of 1.0268 and R2 of 0.9984, which directly
denonstrated that suitability to 15 use glucose as a
calibration standard to determ ne COD val ue for the
unkno ﬁﬁggrf It was found that the detection limt
of O. with a linear range up to 60 ppm COD
Q g ved under the experinental conditions
ﬁ%? ye u5|ng gl ucose as testing analyte. The

delEo bRe réfgémﬁl@@ té%f‘edqmrﬁé"%%dzlé'\%@ﬁrthé’yanée of 5 9, which is

|ncrea3|ng ection vol une whil

| thaeHrindepggdent ﬁQ'QfeOfl ”ﬁ% P aqlertigghemical detagtar. §F?&!dﬁ’é’r

I éHlleéher&JrV@ hrieffdd v%ms@d mué:tedmxﬁe/thambmabe i rte;n safple.
ortan ggneters or t

B B sholym e Mgt Tetronss P b R isBPorig Usinggiycose
tas ﬁ\@@tdﬁbllddl&ubstenmsAs stowdli i theUiguireg both treeattetige (peak area,

OB 3 B SO TR Bty
baittethenmcredsefdf glvasseotameenteation.oThe ¢edibratipm surve (ibe inserts of

wggvt@w%gﬁ%ré@%e \A@E‘ué?éoau@nr#\ﬁyd?('é hﬁgé%%ﬁvfgetéaﬁn

articles were
elAkthe sente tiger ﬂm&@ar@aa@ﬁDﬁfawmvgas@ﬁ@rmgd wita egQantiggal COD

t H\%ﬂw%ﬂ Aﬁlbﬁerat B3 Fidiffe BE SRIWR thé H&%laﬁ?ﬂrb%tt\ﬁégn tﬁét er

e active sites were renoved.

aEXpetrlﬁ@nt@éGQDr\aB@Sta@@l sfandangi GOB yplues. m&‘é‘%"%ﬂt ‘cﬁ‘ier'i’&&m"

f EafRibich éd'éﬂ‘l%le-ﬁt \Qgs Gééiﬁésr @ﬂ@asu?@@f tRé Pdrishylef é‘sﬁdmatlon

O oo st rargbe B om Ao B 08

I fefhodtang tl?ehé%ﬁﬂ@ntfbfnal COBGhdtedY. VIiswas énplopatbioy thesiatd in

' I%lgures‘?enp/l\ highly S|gn|fJ cant corrglatlon (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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WO 2004/088305 PCT/ AU2004/ 000438 26 nearly thousand

of the neasurenents it is still relatively sensitive

and stable. Wen the el ectrode was not being used, it
is filled with MIli-Qwater and store in the |I%

VO W83 known that Ti Q2 surface has mer it BCHAUZ004/000438
sel f-cleaning and super hydrophilicity. The fouling

of electrode which is com® |y caused by adsorption 5

s SoT gL 1 85 B P

ftrw gispedies Ibtatweeﬁ desde b yaladso LCorfsideT that theret are analytical errors

A8 g iy b7 Py Bl By BEEA o pAT
BtandareméthoPEEEBUremneaSRNdHisat thése ferrotsecontsialitesta ispaties on both

ta%(%g etg %ﬁoﬁd&ﬁrefagmh@sl oﬂ)tgméé] Sro?i@gﬂ Eorfipelitigsuphbit fof the

epende
mawy etthedloweme@@n paebe@pmche@tcah@(apdnetb@d fopeaswing
CEh d%nH S§fle E%éﬂ@ﬁt@g@eﬂ%nﬁ%hﬁm thehwecob

rea sarrp gure 15 shows "t he typical response of
tvalues|dgrnonplyates ﬂ‘éﬁul@&'}%% &epsonaged Methogdo megsyrigLOD.
s¢awdagignsubst ance. As shown in the figure, both the

h k . h k
(ot GrenionirapddssEg oD diabba St BpBRE Bl 20
V‘éeltn@g?é‘a :énglnf&fnﬁbﬁmy fieng Iyumaat ﬁﬁﬁfa‘hﬂtgaai tote autdreated. This
cal | i nser, i gyre .
Cheihgs B R TR YR A SRV B e MBRinany
dlﬁglﬁﬁildamn pbivet biphetoyendrated, hotelse Tlae aetraddie€Gibeddlersis a
(BechPo Rl MfhoBhorRERSEPIIRRy RRterREh B degrpdstion
bmndmens ttheemetivop és amabsohite 1BENod sdquizes amdalibratiodar d COD
V%eéé?ﬁfen}ém? |tecoYr%|alt dﬂéllhﬁthaﬁ@[:a%n farﬁﬁﬁrgéngie' MEthod

I'Cl en

nmeasure O e Intensit

aansiagd lrn@tﬁrodb éhe\@@ﬁtrqdee’\asaa \e8:aenst g ipe-siabilty: w&ﬁqutow
' £Hcﬁ‘n%dt &y d@&%@&'pﬂ@kb&ﬁﬂ@@é&ﬁky Wna’m’é JSI’QHe éﬁ@yﬁcﬁﬁpnnmple

conventi onal

demaloyed mekep fhe "f@odmﬁ“@'HW%hﬁ?n#“gg aﬁ%é"T,PSFa?\éfPa n
( rethol Showdz Qoo idierarichId tdpeienaterd chbege ihwontrast kokarubels

BB Bt RS R

Ofeﬂdéeat@r@rrérﬁﬂ i fréHh 16 td 408 n6 bhdtoLBEDt aviischaedy etiangel was
This al nost unity slope val ue suggests both met hods

V\B'P??“éﬁf’cyratel y nmeasuring the same COD value. Gven a
95% conf i devmilst thelieycrption df kHesingntipreutiliass 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
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1.174. This inplies that we can be 95% confi dent that
the true slope |lies between these two val ues.

Consider that there are analytical errors associated
WP 2H4BYPY t he f1ow i nj ection phot oel ect r ocheEAY20t4HN438
and the standard net hod neasurenments and that these
errors contribute to scattef®on both 5 axes, the

st ron rrelation and sl ope t ai ned provide
Lbigafef S rRps T RRR F pe” - sted iRt b Gpuf fnteessor
istgps dut ot tep thetexelusion phartyariherdrite §&Obr gwup oflintegers.
nmeasuri ng Chem cal oxygen denmand. The excel | ent
agreenents between the two COD val ues denonstrates
the suitability for the proposed nethod to neasure
COD. Conclusion 10 The present invention provides a
COD anal ysis method, which is accurate, sensitive,
environmental |y friendly, robust, rapid and easy to be
automated. This nethod in principle neasures the
theoretical COD value due to the extraordinary high
oxi dati on power of photogenerated hol es. The nethod
described here is a direct method and i ndependent of
sanple matrix. Under exhaustive degradation 15
conditions, the nethod is an absol ute nethod requires
no calibration. Experinentally, it correlates well
with the conventional dichromate nethod (Standard
met hod). The el ectrode has a very good | ong
time-stability, without show ng any decline of
photocatal ytic activity. The nature of the analytica
.principle enployed nmakes the nethod insensitive to
the change of tenperature. The 20 method 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 photochemcal cell it wll be

appreci ated that the photoel ectrochenm cal cell nmay
conprise a working electrode (Ti Q) and a counter

el ectrode, wherein the counter electrode nmay 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 mrent 30 or specific collection of features.
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Thr oughout this specification, unless the context

requi res otherwi se, the word "conprises", and

vari ations such as "conprise" or "conprising", wll be
WO 2004/ 088305 PCT/ AU2004/ 000438 28 understood to
WRBPYOB4ES | ncl usi on of a stated integer or gPOUPUYP4/000438
integers or steps but not tgQ the exclusion of any

ot her integer or group of i@?egers. WO 2004/ 088305
PCT/ A#%QI%OOMBS 29 CLAIMS 1. A nethod of

det er chem cal oxygen demand of a water sanple,

conpr ilsimnmethbe ofdetersinifig elensipg) loxygen denand SF aater sample,
pot ent i %mghﬁﬁvge&‘g s?eigglaf’t oel ectrochem cal cell, having

5 a photoa ng el ectrode and a counter
el ect Bb@PPIYiIng® eoopteni potagtial bhias @@ph@toeigcteﬂceemroal gedlehaving

sol uti og; phBt)oal:t'i\)gLWBrﬂ %IE&rJo‘%ean Et%r glle@tgédreogr?d \@oﬁtjgm‘?\g

| i ght source and reco
phot ocu?rséﬁﬁorliﬂ%%l%@dj’t%&owtm. wor k| ng el ectrode from

the gy mﬁbﬁﬂrﬁdtiﬁ? tifd \ﬁ&kl’h@ Ebétcﬁoéé\lvm 4 Edht sdtcé hnd fibRfhafne

wat er s e ana
phot oel t?g’?QrSEﬁ%ﬁli'%%ﬂu"@@‘l produggd 4tltﬂ‘QJWPfﬂ$@9|e|‘ﬁj>tf9¢@ff0m the

wor ki ngsu@mehg eretralte Botidr; ght source and recording
the tot

e b RS ARG oo b, (oSG RS U L B SRTPL e ol
sarrgl d) llkammmtldg thee warking elettygde mfhhailggm adfrlbe and [jecordmg the
t od,as clained in
g|ogl Irn Il%? rﬁg@ﬁl?r?%g pﬁ%‘ﬁ‘?%%&’ﬁ’ %qu ng electrode is

a nanepdeterminingttiee shamical ogygehidemaat ef:irl]we;vﬁaeer sami?l%
hod C wor Ki n
o oot oggesitP ¥ thoitbedsBbdalof ol driipdl !

nanoparticles coated on an inert conductlve

subst patsemethod 4s %H&qn @E\lnﬁh HndRsh {hg p‘l\‘ll)f%ggﬁé Rl C h

a reference electrode I s used in a

wor ki ng 95?30%'&%’@”0%@%{'%%&@@30@05% ?ietﬁﬁldﬁod as

claimed in claim1 in which the chem cal oxygen demand

'S 3. Amethod 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 ermi ned under exhaustive degradation conditions, in
which all organics present in the water sanple are
oxi dised. 30 6. A nethod as clained in claim1 in

whi ch the chem cal oxygen demand is determ ned under
WBAMMLHEYSt i ve degradation conditions, in whP@HAY /000438
organics present in the water sanple are partially

oxi di sed. WD 2004/ 088305 PC3? AU20( 14/ 000438 30 7. A

met hod as clained in any preceding claimin which the
background photocurrent is deducted fromthe total

phot of.uN rastho® b dmed nmbhwpkb@dmgsam iR vstmz;hqhé Backgtdumd

photocur ent du xI dat i a

nat er | aI PIRCYTFRD é%ﬁ%‘{“é%dgm"h %ﬁ'or’gmg?u'g? |?f8 ugeq with the
cl ai m i sample tpoblagdthea ghatbaurrent duentbitiodoXidedion ©hongheici s

di | ut edrrlligéé Hh‘nﬁeg‘% 8rt| ng el ectrode. 10 9. A nethod

as cl ai ai m in which the chem cal oxygen
demand is determ ned by neasuring charge or current

under e’iﬂﬂ@t%& %? ol ﬁi,i‘eg{ 'ﬁ\g@hﬁ mr{gﬁ%eﬁinﬁ%uﬂ‘ﬂ Whith the

stati onar usi n ere oper at'i onal
modes |r$ém9l¢||ﬁglltl§%dw¢h WﬁééPPqFth'@Q'f@ﬁBed nmode and
conti nuous flow node. 15 10. A nethod as clained in
claim1 in which the chem cal oxygen demand is

det er % Aemetrpd A gkaimacp claim i gewhich dersheRtcal,prygen demand is
non- exhaydedrnined by msraadﬂfgl dharg@%@uﬁrérﬂ%d‘ék ékhaastwe

stationary or flow ce sin 0 onal
odes | AebadRes SapGmiEs SEroTns SR 8tE SRR
conti nuwérafhbwmaaeemcmmg/bamh@mml - etaﬁbmmnaaé ambsay
apparatus _for dﬁterm ni ng oxygen demand of a water

sampl e WAMUIOUIARY 819884t “4) 2 neasuring cel | for
hol ding a sanple to be anal ysed 25 b) a phot oactive

wor Ki ‘li](g JnSﬁ.g;E gg %laﬁﬂ% iR cfalt qt r? {1 ?t%t{ Tﬁ%’%@gﬁ %gmaﬁd is

said source a nat e
phot oactdetﬂﬁmmﬂ oy waéurmqmm@ Of@)lrl’%mwﬂﬁ@l nofegxhaustiye

control dea%dabémnaﬁsbh@wntm& sttah&wawafkﬂdwcemhﬁmbrmntt he
applied potential bias P hot ocurrent recording
operational modes mcfudlng 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 contro! 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.



30 c¢) photocurrent/charge neasuring neans to neasure
the photocurrent/charge at the working el ectrode f)
anal ysis neans to derive a neasure of oxygen denmand
fromthe nmeasurenents nmade by the photocurrent/charge
WRAYWIPSE® means. WO 2004/ 088305 PCT/ AU2004/ ORfGHAB20%H 0438
12. Apparatus as clained in,laim211l in which the
nmeasuring cell is a flow through cell. 5 13.
Apparatus as clained in claim1l1l or 12 in which a
reference electrode is included in the neasuring

cel | . 13-ApprApatss 21 elaimed incelaimBldiniwhicirthe oweswingwelisesficld
to 13 mhm@@?mcahe phot oacti ve working electrode is a
nanoparticul ate sem conductive 10 el ectrode. 15.
Apparatus as clained in any one of clains 11 to 14 in

5 whi ch13. m@pamwmaumbem AR 1 & 12 ih a«mh a‘%fe“éﬁc@%ie%gbde is
di oxi de Zi'lc%% gnc es ona inert substrate
Appar at JEC% e PRSNGSR} one of claims 11 to 15
whi ch al so |ncludes a reservoir for a supporting
el ect g9l ' i dto ure t r ound
oot oot Al & plgfadiF ) SheberahiRalt 5 03 pherei the
Appar at photegctiveavarking electoddeiisra hﬁncyplanmbla&l seitatlubEles a

10 sanple plipRLy/ i njection systemand a supporting
el ectrolyte supply/injection system

- 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.
15
16. 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.
20 17. Apparatus as claimed in claim 16 which also includes a sample

supply/injection system and a supporting electrolyte supply/injection
system



