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Abstract

Theearliestreportsof integratedchemicakensor—actuatatevicesto performcoulometricacid—basétrationsdatebackalmost20years.
Recentlya first commercialinstrumentappearedhat allows to performvery rapid, accurateacid—baseleterminationsvith a solid-state
probeandno needfor liquid titrants.This papermeviews someof the early developmentsandshaws the effort thathasbeenundertalento
bring this technologyto routineusein the analyticallaboratoryandbeyond.
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1. Introduction

The areaof solid-statetransducerdeganits development
about40 yearsago, more or lessasa logical consequence
of the emegenceof planarphotolithographigrocessesor
microelectronidevices.At the beginningof theeightiesthe
field really startedto eruptwith therealizationthatin order
to take adwantageof the rapid progressn microcomputers
andmicroprocessorgeripherabevices,i.e.,sensorandac-
tuators,neededo follow suit. Theinterfacingof electronics
to a non-electroniowvorld [1] becamea growing topic that
by its very natureattractedscientistfrom mary disciplines
and to this day remainsan exciting area.The corversion
of signalsinto the electricaldomainwas nicely illustrated
on the cover of the Transducers83 AbstractBook shavn
in Fig. 1. The diagram,that shavs corversionin only one
direction and thus symbolizessensorswas madeinto the
official flag for the conferenceseries.

With the emegence of “transducerscience” the idea
that sensorsand actuatorscould be regardedas electronic
devices[2] andcould be integratedinto electronicsystems
slowly took hold. (It was notuntil the early ninetiesthatthe
term microsystem technology startedto comeinto vogue.)
In oneof the pioneeringpapersy MiddelhoekandNoorlag
[3], solid-statetransducersire categyorizedaccordingto the
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signal corversionfrom a physical (in the widestsense)to
the electricaldomainandvice versa,asillustratedin Fig. 2.
It was PietBergveld who gotinspiredearlyonto exploit this
reciprocitybetweersensoraindactuatorsn orderto create
chemicalsystemgo modulatepH [4]. Otherthanaunidirec-
tional flow of informationasillustratedin Fig. 3a Bergveld
proposedo integratea chemicalactuatomwith thesensoand
usea closedloop control configurationasshavn in Fig. 3b.

By feedingbackinformationinto the chemicaldomain,
theintegratedsensor—actuat@ystemallows the monitoring
of chemicalreactionsandthusnot only changedhe nature
of, but alsodrasticallyincreaseshe amountof information
that can be obtained.The first reportedapplicationwas an
acid—baséitration systenintegratedin aflow-throughchan-
nel [5].

Following thatinitial work, chemicalsensor—actuat@ys-
temshave beenutilized for a numberof differentapplica-
tions, mary of themin Bemveld's groupassummarizedn
a 1995 review [6] but also by others[7,8]. Only recently
the original ideasreappearedn a commercialproductby
ThermoElectron,the Orion FLASH Titrator™ (patentsap-
plied). The succes®f the commercialproductdevelopment
cancertainlybe attributedto the creationof a large knowl-
edgebaseand the possibility to programspecificanalysis
methodsin the instrument.Acceptanceof a groundbreak-
ing new analyticaltechniqués only possiblewhenthe user
doesnot have to becomeanexpertbeforehe canoperatehe
instrumenta statementhatcanbe heldtrue for mary other
applicationsof advancedmicrosystentechnology
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accuracy of a direct measurement is limited since a 1 mV
measurement error already represents an error of 4% in con-
centration for a mono-valent ion and potentiometric sensors
therefore require a regular calibration. In many practical

: ELsElam«Tf;Ll S e o applications, the acid or base content of samples is there-

S G A fore usually determined by titration with known standards,
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Fig. 1. Signal transduction in solid-state sensors. superfluous.

In a typical volumetric titration the volume of liquid titrant
required to neutralize the acid or base in a sample, or to ad-
This paper will reflect on a number of the developments just its pH to a specified value, is measured. In a coulomet-
in the chemical sensor—actuator field and describe some ofric titration the titrant is generated electrochemically and the
the features of the Orion FLASH Titratdf . guantity of electric charge is measured.
Basic or acidic titrant is generated according to the fol-
lowing reactions:

2. Coulometric titration , i i
Reaction1 : Electrochemical generation of base
Direct measurement of the pH of a sample with a po- 2H0 — 20H™ + Hpy — 2e
tentiometric sensor such as a glass electrode or an ISFET
only gives limited information about the composition of this

sample. The actual pH depends on the nature of the pro_ReacUonz  Electrochemical generation of acid

. 1 _
tolytes present and also on the sample matrix. Moreover, the H20 — 2H' + 30, + 2¢
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Fig. 2. General representation of the measurement and control-systems field3fjom



In aclassicalvolumetricor coulometrictitration all of the
samplesolutionreactswith thetitrant and the end-pointof
the titration is reachedvhenthe reactionis complete.The
titrant hasthereforeto be homogeneouslynixed by stirring
the samplesolutionanda typical titration takesin the order
of a numberof minutes.On suchatime scale theresponse
time of theend-point-detectingensoicanbein the orderof
secondslt wasrecognizecarlyonthatarapidly responding
pH-ISFET can be advantageouslysedin placeof a glass
electrodd9] andin thatcasemixing of thesolutionbecomes
the limiting factor

Whentheanalysisvolumeis suficiently scaleddown, dif-
fusion can be usedasthe principal way of mixing, which
hastwo adwantagesFirst of all it is very simple asit re-
guiresno mechanicameando agitatethe solutionbut most
importantly undera givensetof conditions,it is very repro-
ducible.

The first coulometricmicro titration experimentsas de-
scribedin Ref. [5] were performedin a constrainedvol-
umedefinedby the areaof the generatingelectrodeandthe
heightof aflow channel A numberof definedcurrentpulses
wereinjectedandthe resultingpH changeswvererecorded
after somesecondsThe magnitudeof the pH changesor-
respondedo a perfectlymixedvolumeasdefinedby thege-
ometricalconstraintsso thatin principle no calibrationwas
required.The disadwantageof this “static” methodwas that
the measurementf eachpoint of the titration curve took
several secondsso that the total analysistime was still in
the orderof minutes.

A fastettitration methodis to dynamicallyobsere thepH
changen the sampleduringthe injectionof a currentpulse

150 mv
—>
pH output 2s
current input _J l;
150uC

Fig. 4. Dynamic coulometrictitration aceticacid (0.005M) in a 30-wm
high flow channel(from [5]).

aswas demonstratedn the samepaper[5] andillustrated
in Fig. 4. With this so-calleddynamic measurementnix-

ing is taking placeduring the recordingof the pH change
and while the titration times dependlinearly on the acid

concentrationthe injectedchage at the equivalencepoint

no longercorrespondstoichiometricallyto the acid present
in the constrainedvolume. The time to reachthe equiva-

lencepoint is now determinedby diffusion of the reacting
speciesWhenthis is the case a further stepto simplify the
titration set-upis to eliminate the flow channeland place
the sensor—actuatochip in free solution so that the mass
transfernow becomescompletelydefinedby semi-infinite
diffusion [10]. The volume in which the titration takes
placeis no longerfixed but expandswith the length of the

titration time. However, sincediffusion in a given solution
matrix at a given temperatureis perfectly reproducible,
the accuray of this titration methodis excellent. Recently
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Fig. 5. FLASH Titration chip layout. The dotted line delineates the section of the chip showig.iba—d



the “titration-on-a-chip” has becomeavailable as a com-
mercial product,the Orion FLASH Titrator™ by Thermo
Electron.In the next sectiona numberof the featuresof

this instrumentwill be described,some of the following

figures and descriptionsappearedpreviously in reference
[11].

3. TheOrion FLASH Titrator

Fig. 5 shawvs the layoutof the FLASH Titration chip with
key titration featuresidentified. The two critical elements
arethe pH-sensitve ISFET gateandthe adjacentplatinum
generatingelectrode The reactionschemeshawn is a total
acidity titration with Reaction 1, generatiorof basictitrant,
occurringat the electrodeadjacento the ISFET, andReac-
tion 2 occurringat the remotecounterelectrode.The chip
is mountedat the endof 12-mmprobethatis dippedin so-
lution like a corventionalpH electrode The solutionis then
allowed to becomequiescentThe titration processs illus-
tratedin Fig. 6a—d At 1, 2, 3, and4s into the titration, a
zone of neutralization can be seenspreadingby diffusion
from the generatingelectrode This zonespreadsnto more
andmoreof the nano-volume elementsensedy the ISFET.
Below eachillustration is a developing titration curve—a
plot of pH versustime—andits first derivative. At 3s, the
end-pointhasjust beenpassed—thditration is complete.
The peakon thefirst-derivative curve indicatesthe time co-
ordinateof the inflection. The rate at which the pH change
radiatesdependsn a predictableway on the sampletotal
acidity (or alkalinity). Fig. 7 shavs FLASH Titration curves
and first derivatives for three concentrationf the weak

Time (s)

Fig. 7. FLASH Titration curvesandfirst deriatives for 2, 10, and20mM
HIBA (backgroundelectrolyte,0.1M KNOs; current,20A).

acid hydroxyisohutyric acid (HIBA). End-pointtime (EP)is
plotted versusconcentratiorin Fig. 8. Reasonabldinearity
is seenover the rangeof 2—20mM HIBA with a titration
currentof 20 . Dependingon the compositionof the sam-
ple solution,parametersuchasviscosityandionic strength
may vary and have someinfluenceon the end-pointtime.
Therefore for particularapplicationsa matrix factoradjust-
mentis utilized aswill beexplainedin moredetailin alater
section.

Unlike a coulometric titration, there is no attemptin
FLASH Titration to equatea quantity of electric chage
with a chemicalquantityor concentration—its time thatis
measurednot charge. So long ascalibrationis carriedout,
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Fig. 6. DynamicFLASH titration process. The upper four frames show the section of chip surrounded by the dotted filge 1 As the titration

proceeds, thezbne of neutralization” spreads by diffusion into the volume element contacting the ISFET. An inflection time in the pH vs. time curve

is proportional to total total acidity.
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Fig. 8. Calibration curve with matrix factor adjustment.

FLASH Titration does not require 100% current efficiency. computer/printer interface accessories are shown but are not
And because products generated at the counter electrodeecessary to perforfALASH Titration. In addition to titra-

do not have time to diffuse to the ISFET during the titra- tion, the system can be used to measure pH, conductivity,
tion, there is no need to provide an ion barrier such as aand temperature.

salt bridge or membrane as is required in a conventional

coulometric titration.

4. Practical application of FLASH Titration

Fig. 9is a depiction of the=LASH Titration apparatus.

A typical FLASH Titration run using the described appa-
ratus takes about 30-10s of stirring to disperse carryover
from the previous sample, 15s waiting to allow the solu-
tion to become quiescent, and 5 s for the titration. A unique
aspect ofFLASH Titration is that it is non-destructive, un-
like volumetric or coulometric titrations where the acid (or
base) in the sample is neutralized after the titration. In this

The basic elements are a probe and a meter—as simple asase only some tens of nanoliters are converted in a total
the equipment used to measure pH. A probe stand and stirresample volume of several milliliters, which allows a user to
are included and will be discussed below. Autosampler and repeat the titration in the same beaker when the solution at

Fig. 9. Orion FLASH Titration equipment by Thermo Electron.

the surface of the probe is replaced by stirring. Although not
exactly equivalent to running a duplicate sample where er-
rors in sample preparation or dilution might be uncovered,
repeating the titration does give an improvement in preci-
sion. Precision improves in proportion {fn, wheren is the
number of runs. A typical precision f&fLASH Titration is
less than 1%. If a 1% titration is repeated three times-=(

4), a precision of 0.5% can be expected. In other words,
by allowing the time per sample to increase from 30s to
2min, precision can be improved by a factor of two. As
discussed further below, tHELASH Titration apparatus is
autosampler-compatible. In automated titrations, the disad-
vantage of longer analysis times per sample is mitigated by
the advantage of unattended operation.

Calibration of theFLASH Titration probe consists of
running two or more known total acidity (or alkalinity)
solutions, and allowing the meter to calculate the slope
and intercept values of a calibration curve. In simple cases,
probe calibration is all that is necessary before moving on
to sample analysis. For example, the curvd-ig. 8 could
obviously serve as calibration for the determination of the
total acidity of HIBA solutions.



Analysis of complex samplesrequires an additional
step.FLASH Titration is a diffusion-regulatedprocessThe
rate at which the zone of neutralizationspreadsfrom the
generatinglectrodedependsiponthe diffusioncoeficients
of the electrolysisproductsthat are diffusing outward as
well asthediffusioncoeficientsof thesampleacidsor bases
thatarediffusinginto the zoneof neutralizationTherefore,
the end-pointtimesfor the sameconcentratiorof different
acidsor basescandiffer slightly. Also, more generalsam-
ple matrix effects can occur For example, diffusion rates
areaffectedby viscosity so viscoussamplesmay readdif-
ferently from non-viscoussamplesevenif the total acidity
(or basicity)is the same.Temperaturalsoaffectsdiffusion
ratesandalthoughthis effect is not large, it is best,just as
in anISE measurementp calibrateandmeasureat approx-
imatelythe sametemperatureFinally, thetitrant generation
currentefficiengy may be lessthan100%in somesamples.

All of the above effectsaretaken careof by a procedure
known asmatrix factor adjustment. Matrix factoradjustment
is acalibrationstepthatis specificto aparticularapplication.
It consistsof running a sampleof the productto be tested
that has beentitrated volumetrically and labeledwith the
correcttotal acidity or alkalinity value.In Fig. 7 the matrix
adjustmentactorcanbe seengraphicallyasa shift or offset
in the calibrationcurve that brings FLASH Titration results
into closecorrelationwith volumetrictitration resultsfor a
particulartype of sample.

Probecalibrationandmatrixadjustmentanoftenbecom-
binedinto asingleprocedureOneusercontrolstheblending
of asoft drink syrupconcentratevith waterby determining
the total acidity of the product.Insteadof calibratingthe
FLASH Titration systemwith threeknown standardssuch
asHIBA solutions,andthenadjustingthe matrix factorwith
a volumetrically titrated soft drink, she keepsa sampleof
properly diluted syrup, one that is 50% of the target, and
onethatis 200%.Shelabelsthem50, 100,and200anddoes
a three-pointcalibrationinputting thosevalues.The instru-
mentthenreadsout her unknovn sampledirectly in units
of percentof tamget value. Any samplewith a readingbe-
tween95 and105is OK.

In the FLASH Titration systemthe titration currentcan
be manipulatedn threeways. It's sign or polarity canbe
changedjts magnitude canbe increasedr decreasedand
the usercanchoosebetweena constant current andcurrent
ramp.

The desiredpolarity of the titration currentdependsim-
ply on whetheroneis titrating an acidic or basicsample A
cathodiccurrentis choserfor titrating acidssincebasewill
be generatedccordingto Reaction 1. An anodiccurrentis
choserfor titrating basesvith acidsgeneratedh Reaction 2.

The magnitudeof the titration currentdependson the
rangeof acidor baseconcentrationg thesamplego bean-
alyzed.It hasbeenfoundthatbestresultsareobtainedvhen
theend-pointimesrangebetweerabout0.5and10s. At less
than0.5stheaccurag suffersbecausehetime measureds
soshort.At greatethan10s, thediffusionzonein whichthe

titration takesplacepenetratesnoreandmoreinto the sam-
ple solutionand at somepoint the resultbecomessensitve
to uncontrolledcorvectionandthereforelessaccurateThe
FLASH Titrationsystemallowstheuserto choosébetweers,
20,and100p.A constanturrentand4, 8, or 12 nA/s current
rampin orderto encompasa wide rangeof concentrations.

The mathematicof diffusionis complec but very effec-
tive in describingthe behaior of simple systemssuchas
FLASH Titration. Olthuis et al. [12] have shavn thata rel-
atively simpleone-dimensionainodelis perfectlyadequate
to predict end-pointtimes for different samples.The sim-
plestcasefor a FLASH Titration is wherea strongacid is
determinedUp to the point wherethe end-pointis reached,
the processs almostentirely governedby the diffusion of
free hydroniumions to the surface of the sensorchip and
the end-pointtime thereforevarieswith the squareof the
acid concentrationThe reactionproductof the titration is
in this casewater which hasno influenceon the evolution
of thepH-changeWhenaweakacidis titrated,the process
is somavhat morecompl« asit is determinedoy diffusion
of theacidto the surfacebut at the sametime alsoby diffu-
sion of the reactionproduct,the conjugatebaseof the acid,
into the solution.

In practice for thetitration of aweakacidthedependence
of theend-pointtime on concentratioris very closeto linear
asillustratedin Fig. 8. The methodof choicefor this type
of titration is thusto usea constantcurrent,the magnitude
of which can be selectedin relation to the expectedacid
concentrationn orderto assureatitration time in therange
of 0.5-10s. For thetitration of a strongacid,the pH change
is mainly determinedby diffusion of hydroniumions and
thus proportionalto the squareof the concentration.This
non-linear calibration is incorvenient but also leadsto a
lossin sensitvity andrange Whenthe generatiorcurrentis
variedwith the squareroot of time, the resultingend-point
timeswill dependlinearly on concentratior{13]. Practical
experimentswith the Orion FLASH Titrator have shavn that
the simple applicationof a linear currentrampis suficient
to bring linearity andrangewithin acceptabldimits.

5. FLASH Titration methods

In orderto make FLASH Titration aseasyas possibleto
apply to real sampleswithout having to worry about“con-
stantcurrents”or “currentramps”,30 specificmethodshave
beenpre-programmedht the factoryinto the FLASH Titra-
tion meter Methodnumbersl throughl2 arecalledtemplate
methods.Theseare genericand intendedto be usedasthe
first stepin the developmentof a methodfor a specificap-
plication. Methods13 through30 are specificapplications.

The 12 templatemethodsarelistedin Table1 alongwith
all of the specifiedparametersThe basicidea s for the
userto selectthe templatemethodthat looks mostappro-
priate for his or her sample.Any or all of the parameters
canbe changedyy goinginto the set-upmenuin the meter



Table 1
Templatemethodsand their parameters
Method Method name Acid/base Concentration Current Stir Wait Titrate  Number End-point
number range (mM) time time time of runs  range (s)
(s) (s) (s)
1 Weak acid low range HIBA 0.1-2 Cathodic constamt/3 10 15 5 3 2-6
2 Weak acid mid range HIBA 2-20 Cathodic constanpp20 10 15 5 3 0.5-4
3 Weak acid high range HIBA 10-100 Cathodic constantd®0 10 15 5 3 0.5-4
4 Strong acid low range HCI 0.5-10 Cathodic rampAds 10 15 5 3 1.5-7
5 Strong acid mid range HCI 2-20 Cathodic rampA8s 10 15 5 3 2-7
6 Strong acid high range HCI 10-50 Cathodic rampuA2s 10 15 5 3 3-9
7 Weak base low range NaHGO 0.1-2 Anodic constant 3A 10 15 5 3 0.5-2.5
8 Weak base mid range NaHGO 2-20 Anodic constant 20A 10 15 5 3 0.5-2.5
9 Weak Base High Range NaHGO 10-100 Anodic constant 1Q0A 10 15 5 3 0.5-2.5
10 Strong base low range NaOH 0.5-10 Anodic rampAds 10 15 5 3 1-6
11 Strong base mid range NaOH 2-20 Anodic rampABs 10 15 5 3 2-8
12 Strong base high range  NaOH 10-50 Anodic ramp.AZ 10 15 5 3 2-8

Once a parameter has been changed, the user can save tfel. High-throughput titration

method under a new number. This way, methods specific to

a variety of samples can be stored in the meter and called Becausd-LASH Titration is so fast compared to conven-

up when needed. tional titration, users will be able to move more samples
In addition to the 12 template methods, 18 specific ap- through their labs than ever before. TFHIEASH Titration me-

plication methods for the food and beverage industry are teris capable of interfacing to a versatile XY sample changer

pre-programmed into the meter. These methods are listed inallowing unattended analysis of samples. Even allowing for

Table 2 the time it takes for the probe and stirrer to be transferred
Each method also has associated with it the default cali- between solutions, over 60 samples/h can be titrated.

bration constants and matrix factor. Even if a user does not

change the operating parameters from the default values for5.2. Outlook

a pre-programmed method, the meter will force the user to

save the method under a new number if a calibration or ma- Integrated coulometric sensor—actuator devices have been

trix factor adjustment has been carried out. That way, the around for close to 20 years but it is only through a con-

pre-programmed methods are never compromised. siderable product development effort that these systems are
In addition to developing his or her own specific appli- now coming to commercial bloom. THELASH Titration

cation methods, a user has an option of downloading newinstrument described in this article is the first of its kind

methods from thé-LASH Titration website[14]. and only scratches the surface of what the technology is
Table 2
Pre-programmed, specific application methods
Method Species Sample (ml (@)) Species Template Standards Standard
number per 100 ml of type method concentration
solution number used (mM)
13 Orange drink 10 Weak acid 2 HIBA 5, 10, 20
14 Apple juice 20 Weak acid 2 HIBA 5, 10, 20
15 Red wine 20 Weak acid 2 HIBA 5, 10, 20
16 Clear soft drink 50 Weak acid 2 HIBA 5, 10, 20
17 Cola 90 Weak acid 2 Phosphoric acid 8, 10, 15
18 Sports drink 25 Weak acid 2 HIBA 5, 10, 20
19 Tomato juice 25 Weak acid 2 HIBA 5, 10, 20
20 White grape juice 20 Weak acid 2 HIBA 2, 10, 20
21 Red grape juice 10 Weak acid 2 HIBA 5, 10, 20
22 Cranberry juice 10 Weak acid 2 HIBA 2, 10, 20
23 Iced tea 50 Weak acid 2 HIBA 5, 10, 20
24 Ginger ale 50 Weak acid 2 HIBA 5, 10, 20
25 Orange soda 50 Weak acid 2 HIBA 5, 10, 20
26 Ketchup 4 (9) Weak acid 2 HIBA 5, 10, 20
27 Cider vinegar 1 Weak acid 2 Acetic acid 2,10, 20
28 Milk 75 Weak acid 2 HIBA 5, 10, 20
29 White wine 20 Weak acid 2 HIBA 5, 10, 20
30 Mayonnaise 10 (g9) Weak acid 2 HIBA 5, 10, 20




ultimately capableof. The presentsystemis limited to total
acidity/total alkalinity, equivalence-point(first dervative)
titrations. In the future look for multiple equivalence-point
andfixedend-pointacid—baseaswell asredox,argentomet-
ric, andconductimetrid=LASH Titrations.Applicationswill
move out of the laboratoryaswell. The absenceof liquid
titrant makesFLASH Titration idealfor on-line processand
on-site field applications.In flow-through configurations
or with specializedsamplehandling equipmenttitrations
canbe madeeven faster Adventuroususerswill find they
cantitrate a single drop of liquid or the surface of a gel.
Rapid, non-destructie titrations in microtiter plates will
becomepossible Clearly, microfabricatedsensorstructures
combinedwith electrochemicatitrant generatiorcanbring
titration to new levels.

References

[1] K.D. Wise, Integrated sensors: interfacing electronics to a
non-electroniovorld, Sens.Actuators2 (1982) 229-237.

[2] P. Bergveld, The ISFET as an electronicdevice, Sens.Actuators1
(1981) 17-29.

[3] S. Middelhoek, D.J.W Noorlag, Signal corversion in solid-state
transducersSens.Actuators2 (1982) 211-228.

[4] P. Bergveld, B.H. van der Schoot,J.H.L. Onokievicz, Development
of a microprocessor-controlled¢oulometric systemfor stable pH
control, Anal. Chim. Acta 151 (1983) 143-151.

[5] B. van der Schoot,P. Begveld, An ISFET-basednicroliter titrator:
integration of a chemicalsensor—actuatasystem,Sens.Actuators8
(1985) 11-22.

[6] W. Olthuis, P. Bergveld, Integratedcoulometricsensor—actuatade-
vices, Mikrochim. Acta 121 (1995) 191-223.

[7] O.T. Guenat,W.E. Morf, B.H. van der Schoot,N.F. de Rooij, Uni-
versalcoulometricnanotitratorswith potentiometricdetection,Anal.
Chim. Acta 361 (1998) 261-272.

[8] C. Colombo,T. Kappes,P.C. Hauser Coulometricmicro-titratorwith
a ruthenium dioxide pH-electrode,Anal. Chim. Acta 412 (2000)
69-75.

[9] M. Bos, P. Bergveld, A.M.W. van Veen-Blaauw The ion sensitve
field effect transistorin rapid acid—baséitrations, Anal. Chim. Acta
109 (1979) 145-148.

[10] W. Olthuis, B.H. van der Schoot,F. Chavez, P. Bemgveld, A dipstick
sensoffor coulometricacid—baséitrations,Sens Actuators17 (1989)
279-283.

[11] S. West,J. Herdan X. Wen, T. Gillette, C. Haber N. Lipsanopoulos,
J. Yip, E. Somes,J. Stevens, R. Breaux, Rapid electrochemical
acid/basetitrations without liquid titrants, InternationalLaboratory
News, February2003.

[12] W. Olthuis, J. Luo, B.H. van der Schoot,J.G. Bomer P. Bergveld,
Dynamic behaiour of ISFET-basedsensor—actuatasystems,Sens.
Actuatos B 1 (1990)416-420.

[13] W. Olthuis, P. Bemgveld, Simplified design of the coulometric
sensor—actuatasystemby the applicationof a time-dependenactu-
ator current, Sens.Actuatos B 7 (1992) 479-483.

[14] http://www.thermo.com/eThermo/GBProducts/Producbetail/
1,1075,19432-161-X-161-12719,00.html

Biographies

Bart van der Schoot is co-founderandvice-presidenR&D of Seyonic SA
in Neuctatel, Switzerland.The compaly specializesn sensor-controlled
liquid handling of sub-microliter volumesin laboratory automationin-
strumentationHe obtainedan MSc in pharmaceuticasciencesfrom the
University of Groningen(NL) anda PhD in technicalsciencesrom the
University of Twente (NL). He worked for 10 yearsat the Institute of
Microtechnologyat the University of Neuctatel (CH), as project leader
in the areaof miniaturized chemicalanalysissystems,micro-fabricated
fluid handling devices and micro-instrumentationincluding their indus-
trial application.

Peter van der Wal receved an engineeringdegree in chemical tech-
nology in 1985 and his PhD natural sciencesin 1991, both from the

University of Twente, The NetherlandsDuring the years1991-1992he

participatedin a project entitled “ionsensorsfor horticulture,” a collabo-
ration betweenPriva B.V., Twente TechnologyTransferand the Organic
Chemistrygroup of the University of Twente.After a practicaltraining at

MicrosensS.A., Neuclatel, Switzerlandin 1992, he joined the Sensors,
Actuators and MicrosystemsLaboratory (SAMLAB) at the Institute of

Microtechnology Neuctatel, Switzerlandin 1993.Sincethenhe is work-

ing as a scientific co-worker at the SAMLAB in the field of chemical
Sensors.

Nicolaas F. de Rooij received a PhD degree from Twente University of

Technology The Netherlandsjn 1978. From 1978 to 1982, he worked
at the Researchand DevelopmentDepartmentof Cordis EuropaN.V.,

The Netherlandsin 1982, he joined the Institute of Microtechnologyof

the University of Neuctatel, Switzerland (IMT UNI-NE), as professor
and headof the SensorsActuatorsand MicrosystemsLaboratory From
October1990till October1996, he was acting as director of the IMT

UNI-NE, sinceOctober2002, he is back at the direction of the institute.
Since 1987, he has been a lecturer at the Swiss Federal Institute of

Technology Zurich (ETHZ), and since 1989, he has also beena pro-
fessorat the Swiss Federal Institute of Technology Lausanne(EPFL).
His researchactvities include microfabricated sensors,actuators,and
microsystems.

Seve West studied chemistryat Bates College in Lewiston, Maine and
NortheasternUniversity in Boston, Massachusettsand did a 2-year
internship in the Departmentof Organic Chemistry under Professor
Wilhelm Simon at the ETH, Zurich, Switzerland.In a careerspanning
almost 30 yearswith Thermo Electron Corporation(Environmental In-

strumentsDivision, Water Analysis formerly Orion Research)he has
held various positions in Researchand Engineeringand is currently
Vice Presidentof Research,Development, Engineering, and Quality

Assurance.


http://www.thermo.com/eThermo/CDA/Products/Product_Detail/1,1075,19432-161-X-161-12719,00.html
http://www.thermo.com/eThermo/CDA/Products/Product_Detail/1,1075,19432-161-X-161-12719,00.html

	Titration-on-a-chip, chemical sensor-actuator systems from idea to commercial product
	Introduction
	Coulometric titration
	The Orion FLASH Titrator
	Practical application of FLASH Titration
	FLASH Titration methods
	High-throughput titration
	Outlook

	References


