












PHOTOELECTRICPHOTOMETERMETHOD

Photoelectriccolorimeters(absorptiometers).Oneofthegreatest

advancesin

thedesignofcolorimetershasbeentheuseofphotoelectriccells

tomeasure

theintensityofthelight,thuseliminatingtheerrorsduetothe

persona1

characteristicsofeachobserver.

Thephotovoltaicorbarrier-layercell,inwhichlightstrikingthe

surfaceof

asemiconductorsuchasselenium mounteduponabaseplate

(usuallyiron)

leadstothegenerationofanelectnccurrent,themagnitudeof

whichisgoverned

bytheintensityoflightbeam,hasbeenwidelyusedinmany

absorptiometers.

It,however,suffersfromthedefectsthat(1)amplificationofthe

currentproduced

bythece11isdifficulttoachievewhichmeansthatthece11does

nothaveavery

highsensitivityforlowlevelsoflightand(2)thece11tendsto

becomefatigued.

Forthesereasonsithasnowbeenlargelysupersededbythe



photomultiplier

andbysilicondiodedetectors.

Photo-emissivecells.Inthesimplestform ofphoto-emissive

ce11(alsocalled

phototube)aglassbulbiscoatedinternallywithathin,sensitive

layer,suchas

caesiumorpotassiumoxideandsilveroxide(i.e.onewhichemits

electrons

whenilluminated),afreespacebeinglefttopermittheentryof

thelight.This

layeristhecathode.Ametalringinsertednearthecentreofthe

bulbformsthe

anode,andismaintainedatahighvoltagebymeansofabattery.

Theinterior

ofthebulbmaybeeitherevacuatedor,lessdesirably,filledwith

aninertgas

atlow pressure(e.g.argonatabout0.2mm).Whenlight,

penetratingthebulb,

fallsonthesensitivelayer,electronsareemitted,therebycausing

acurrentto

flowthroughanoutsidecircuit;thiscurrentmaybeamplifiedby

electronic

means,andistakenasameasureoftheamountoflightstriking



the

photosensitivesurface.Otherwiseexpressed,theemissionof

electronsleadsto

apotentialdropacrossahighresistance(R)inserieswiththe

ce11andthebattery;





electronsandholesarecreatedwhichmigratetodischargethecapacitor:

the

magnitudeoftheresultantcurrentisameasureoftheintensityofthelight.

Suchadetectorhasagreatersensitivitythanasinglephototube,butless

than

thatshownbyaphotomultiplier.

Withmoderntechnologyitispossibletoformalargenumberofsuch

photodiodesonthesurfaceofasingleSiliconchip.Thischipalsocontains

an

integratingcircuitwhichcanscaneachphotodiodeinturntogiveasignal

which

istransmittedtoamicroprocessor.Eachphotodiodecanbeprogrammed

to

respondtoacertainsmallbandofwavelengthssothatthecomplete

spectrum

canbescannedvirtuallyinstantaneously.'

Whenusingaspectrophotometerwhichisequippedwithadiodearray,an

absorptionspectrumisobtainedbyelectronicscanningratherthanthe

mechanicalscanningwhichoccursinaconventionalspectrophotometer.

This

resultsinwhatisvirtuallyinstantaneousrecordingoftheabsorptioncurve;

it

maybeaccomplishedin1-5seconds.Inconsequence,samplesare

exposedto

radiationforsuchshortperiodsoftimethatthereislittlepossibilityof

photochemicalreactionstakingplace,andtheeffectsoffluorescencein

the



samplesareminimised.Thespeedofoperationmakessuchinstruments

useful

fortheinvestigationoffastchemicalreactions,andformonitoringthe

eluate

from liquidchromatographs.Diodedetectorsdohoweversufferfrom

somewhat

limitedresolution;about1nm intheultraviolet,andabout2nm inthe

visible

region.

17.7WAVELENGTHSELECTION

Bearinginmindthatthecolourofasubstanceisrelatedtoitsabilityto

absorb

selectivelyinthevisibleregionoftheelectromagneticspectrum,itfollows

that

havingachievedtheabilitytomeasuretheintensityoflightwithahigh

degree

ofaccuracy,ifwewishtoanalyseasolutionbymeasuringtheextentto

which

somecolouredcomponentabsorbslight,theaccuracywillbeimprovedif

measurementsaremadeatthewavelengthwhichisbeingabsorbed.Inthis

connection,itmustbeborneinmindthattheobservedcolourisduetothe

radiationwhichisnotabsorbed,orinotherwordsbytheradiationwhichis

transmittedbythecolouredsolution:thecolourcorrespondingtothis

radiation

issaidtobecomplementarytothecolourcorrespondingtothatofthe

radiation

whichisbeingabsorbed.ComplementarycoloursarelistedinTable17.2.



Procedureswhichcanbeusedtoselectspecifiedregionsofthevisiblepart

of

theelectromagneticspectrumincludetheuseof(1)filters,(2)prismsand

(3)diffractiongratings.

Lightfilters.Opticalfiltersareusedincolorimeters(absorptiometers)for

isolatinganydesiredspectralregion.Theyconsistofeitherthinfilmsof

gelatin

containingdifferentdyesorofcolouredglass.

Interferencefilters(transmissiontype).Thesehavesomewhatnarrower

transmittedbandsthancolouredfiltersandareessentiallycomposedof

two

highlyreflectingbutpartiallytransmittingfilmsofmetal(usuallysilver

separated

byaspacerfilmoftransparentmaterial).Theamountofseparationofthe



metal

filmsgovernsthewavelengthpositionofthepassband,andhencethe

colour

ofthelightthatthefilterwilltransmit.Thisistheresultofanoptical

interference

effectwhichproducesahightransmissionoflightwhentheoptical

separation

ofthemetalfilmsiseffectivelyahalfwavelengthoramultipleofa

halfwavelength.

Lightwhichisnottransmittedisforthemostpartreflected.

Thewavelengthregioncoverediseither253-390nmor380-1100nm,peak

transmissionisbetween25and50percentandthebandwidthislessthan

18nm

forthenarrow-bandfilterssuitableforcolorimetry.

Absorptiometersequippedwithfiltersarenowrarelyusedbuttheyare

inexpensive,and forcertain specified measurements can be very

satisfactory.

Prisms.Toobtainimprovedresolutionofspectrainboththevisibleand

ultravioletregionsofthespectrumitisnecessarytoemployabetteroptical

system thanthatpossiblewithfilters.Inmanyinstruments,bothmanual

and

automatic,thisisachievedbyusingprismstodispersetheradiation

obtained

from incandescenttungstenordeuterium sources.Thedispersionis

dependent

uponthefactthattherefractiveindex,n,oftheprismmaterialvarieswith

wavelength,Eu,thedispersivepowerbeinggivenbydn/dÂ.Theseparation



achievedbetweendifferentwavelengthsisdependentuponboththe

dispersive

powerandtheapicalangleoftheprism.

Ininstrumentsinwhichtheradiationisonlypassedthroughtheprismina

singledirectionitiscommontousea60"prism.Insomecasesdouble

dispersion

isachievedbyreflectingtheradiationbackthroughtheprismbyplacinga

mirroredsurfacebehindtheprism,asintheLittrowmounting,Fig.17.6.

Monochromaticradiationofdifferentwavelengthsisbroughttofocuson

the

instrumentslitbyrotationoftheprism.



Unfortunatelynosinglematerialisentirelysuitableforuseoverthefull

range

of200-1000nm,althoughfusedsilicaisthefavouritecompromisematerial.

Glassprismscanbeemployedbetween400and1000nm forthevisible

region,

butarenottransparenttoultravioletradiation.Fortheregionbelow400nm

quartzorfusedsilicaprismsarerequired.Ifquartzisemployedfora60"

single

passprismitisnecessarytomaketheprismintwohalves,onehalffrom

right-handedquartzandtheotherfromleft-handedquartzinorderthat

polarisationeffectsintroducedbyonewillbereversedbytheother.

Prismshavetheadvantagethat,unlikethediffractiongratingsdescribed

below,theyonlyproduceasingle-orderspectrum.

Diffraction gratings.Thisalternativemethod ofdispersion usesthe

principle

ofdiffractionofradiationfromaseriesofcloselyspacedlinesmarkedona

surface.Earlydiffractiongratingsweremadeofglassthroughwhichthe

radiation

passedandbecamediffracted;theseareknownastransmissiongratings.

To

achievethediffractionofultravioletradiation,however,moderngrating

spectrophotometersemploymetalreflectiongratingswithwhichthe

radiation

isreflectedfrom thesurfacesofaseriesofparallelgrooves.Theseare

often

knownasechelettegratings.

Theprincipleofdiffractionisdependentuponthedifferencesinpathlength



experiencedbyawavefrontincidentatanangletotheindividualsurfaces

of

thegroovesofthegrating.Ifiistheangleofincidenceandrtheangleof

reflectionthepathdifferencebetweenraysfromadjacentgroovesisgiven

by

dsini-dsinr

wheredisthedistancebetweenthegrooves,Fig.17.7.Becauseofthepath

differencethatiscreated,thenewwavefrontsinterferewitheachother

except



Monochromationandbandwidth.Fromtheforegoingdiscussionitisclear

that

forsimpleabsorptiometers(colorimeters)whereonlythevisualspectrum

is

involved,filtersorprismswillsufficeforselectingtheappropriatespectral

region

foragivendetermination.Ontheotherhand,withdiffractiongratings,

which

areemployedinspectrophotometers,amuchwiderrangeofwavelengths

extendingintotheultravioletmaybeexamined,andtheinstrumentisof

much

greatersensitivity.Theportionoftheinstrumentwhichenablesselectionof

an

appropriatespectralregionisreferred to asthemonochromator:it

contains,

inadditiontotheprism ordiffractiongrating,anentranceslitwhich

reduces

theincidentbeamofradiationtoasuitablearea,andalsoanexitslitwhich

selectsthewavelengthoftheradiationwhichistobepresentedtothe



sample

underinvestigation.Animportantfeatureistherangeofwavelengths

present

inthebeamtowhichthesampleissubjected;thisismeasuredbywhatis

termed

thespectralhalf-bandwidth,whichisthewavelengthrangeembracedby

the

beam atthepointwheretheintensityofthebeam isone-halfofits

4aximum

value(Fig.17.8).Thewidthoftheslitsinthemonochromatorcanbe

adjusted,

andthenarrowertheslitthebettertheresolutionofanabsorptionband,

but

decreaseinslitwidthnecessarilyreducestheintensityofthebeam

reachingthe

detector.Inpractice,acompromisemayneedtobemadebetween

resolution

andadequateintensityofradiationtopermitaccurateabsorptionreadings.

17.8RADIATIONSOURCES

Forsimpleabsorptiometersatungstenlampistheusualsourceof

illumination.

Withspectrophotometers,however,tocoverthefullwavelengthrangeof

the

instrument,twolampsareprovided.Thefirstisusuallyatungsten-halogen

(or

quartz-iodine)lampwhichcoverswavelengthsrangingfromtheredendof



the

visiblespectrum (750-800nm)tothenear-ultraviolet(300-320nm):the

lamp

isprovidedwithaquartzoutersheathtopermituseoftheultravioletpart

of

theemission.Formeasurementsinthefar-ultraviolet(downto200nm),a

hydrogenoradeuteriumlampisused:thelatterispreferredonaccountof

the

greaterintensityoftheradiation.Thismustalsobeprovidedwithaquartz

envelope.Xenonarclampswithaspectralrangeof250-600nmmayalso

beused.

17.9CELLS

Toinvestigatetheabsorptionofradiationbyagivensolution,thesolution

must

beplacedinasuitablecontainercalledace11(orcuvette)whichcanbe

accurately

locatedinthebeam ofradiation.Theinstrumentisprovidedwithacell-

carrier

whichservestositethecellscorrectly.Standardcellsareofrectangular

form

witha1cmlightpath,butlargercellsareavailablewhensolutionsoflow

absorbanceareto beexamined,andlikewiseforsolutionsofhigh

absorbance,

cellsofshortpathlengthcanbeobtained(semimicroormicrocells).

Foraqueoussolutionsitispossibletoobtaincomparativelycheapcells

made



ofpolystyrene.Standardcellsaremadeofglasstocoverthewavelength

range

340-1000nm,butforlowerwavelengths(downto220nm)theymustbe

made

ofsilica,andforthelowestwavelength(downto185nm)aspecialgrade

of

silicamustbeused.Al1standardcellsaresuppliedwithalidtoprevent

spillage,

butifvolatilesolventsaretobeused,specialcellswithawell-fitting

stopper

shouldbeemployed.Inadditiontotheusualrectangular-patterncell,

continuous

flowcells(whichareusefulaschromatographicdetectors)andsampling

cells

(whicharefittedwithtubesmakingitpossibletoemptyandfil1thecells

without

removingthemfromthespectrophotometer)arealsoavailable.

Standardcellsareproducedinthreegrades:GradeAhaveapathlength

toleranceof0.1percent;GradeBhaveatoleranceof0.5percentandare

regardedassuitableforroutineuse;GradeCcanhaveatoleranceofupto

3percent.Eventhehighestqualitycellsdifferslightlyfromeachotherand

in

workofthehighestaccuracyitisusualtoselectamatchingpairofcells,

one

toholdthetestsolutionandtheother,ablankorreferencesolution.If

unmatched

cellsareused,thenacorrectionmustbeappliedforthediffering



transmissions,

butwithmanymodernspectrophotometerswhichembodymicroprocessor

control,thenecessarycorrectioncanbedoneautomatically.

17.10DATAPRESENTATION

Themostcommonmethodofrecordingtheabsorbanceofasolutionwas

to

useamicro-ammetertomeasuretheoutputofthephotoelectriccell,and

this

methodisstillappliedtothesimplestabsorptiometers.Themeteris

usually

providedwithadualscalecalibratedtoread(1)percentageabsorbance

and

(2)transmission.Forquantitativemeasurementsitismoreconvenientto

work

intermsofabsorbanceratherthantransmittance;thisisemphasisedby

reference

tothetwographsshowninFig.17.9.



SULPHATEdeterminationspectrochemically.
Discussion.ThebariumSaltofchloranilicacid
(2,5-dichloro-3,6-dihydroxy-pbenzoquinone)
illustratestheprincipleofamethodwhichmay
findwide
applicationinthecolorimetricdeterminationof
variousanions.Inthereaction
Y-+MA(solid)=A-+MY(solid)
whereY-istheaniontobedeterminedandA-
isthecolouredanionofan
organicacid,MYmustbesomuchlesssoluble
thanMAthatthereactionis
quantitative.MAmustbeonlysparinglysoluble



sothattheblankswillnotbe
toohigh.Sulphateionintherange2-400mgL-'
maybereadilydetermined
byutilisingthereactionbetweenbarium
chloranilatewithsulphateioninacid
solutiontogivebariumsulphateandtheacid-
chloranilateion:
Theamountofacidchloranilateionliberatedis
proportionaltothesulphate-ion
concentration.Thereactioniscarriedoutin50
percentaqueousethanolbuffered
atanapparentpHof4.Mostcationsmustbe
removedbecausetheyform
insolublechloranilates:thisissimplyeffected
bypassageofthesolutionthrough
astronglyacidicionexchangeresininthe
hydrogenform(seeSection7.2).
Chloride,nitrate,hydrogencarbonate,phosphate,
andoxalatedonotinterfere
atthelOOmgL-'level.ThepHofthesolution
governstheabsorbanceof
chloranilicacidsolutionsataparticular
wavelength;chloranilicacidisyellow,
acid-chloranilateionisdarkpurple,and
chloranilateionislightpurple.At



pH4theacid-chloranilateiongivesabroad
peakat530nm,andthiswavelength
isemployedformeasurementsinthevisible
region.Amuchmoreintense
absorptionoccursintheultraviolet:asharp
bandat332nmenablesthelimit
ofdetectionofsulphateiontobeextendedto
0.06mgL-'.
Procedure.Passtheaqueoussolution
containingsulphateion(2-400mgL-')
throughacolumn1.5cmindiameterand15cm
longofZerolit225orequivalent
cationexchangeresininthehydrogenform.
AdjusttheeffluenttopH4with
dilutehydrochloricacidorammoniasolution.
Makeuptovolumeinagraduated
flask.Toanaliquotcontainingupto40mgof
sulphateioninlessthan40mL
ina100mLgraduatedflask,add10mLofa
buffer(pH=4;a0.05Msolution
ofpotassiumhydrogenphthalate)and50mLof
95percentethanol.Diluteto
themarkwithdistilledwater,add0.3gof
bariumchloranilateandshakethe
flaskfor10minutes.Removetheprecipitated



bariumsulphateandtheexcess
ofbariumchloranilatebyfilteringor
centrifuging.Measuretheabsorbanceof
thefiltratewithafiltercolorimeterora
spectrophotometerat530nm(green
filter)againstablankpreparedinthesame
manner.Constructacalibration
curveusingstandardpotassiumsulphate
solutionspreparedfromtheanalytical
gradesalt.

DETERMINATIONOFARSENIC(II1)AND
ANTIMONY(III)INA
MIXTURE
Discussion.Inacidsolutionarsenic(II1)canbe
oxidisedtoarsenic(V)and
antimony(II1)toantimony(V)bythewell-
establishedtitrationwithasolution
ofpotassiumbromateandpotassiumbromide
(Section10.133).Theendpoint
forsuchdeterminationsisusuallyobserved
indirectly,andverygoodresults
havebeenobtainedbythespectrophotometnc
methodofSweetserand
Bri~ker.'~Nochangeinabsorbanceat326nm



isobtaineduntilal1the
arsenic(II1)hasbeenoxidised,theabsorbance
thendecreasestoaminimumat
theantimony(II1)endpointatwhichitrises
againasexcesstitrantisadded.
Reagents.Bromatelbromidesolution.Preparea
standardbromate/bromide
solutionbydissolving2.78gpotassium
bromateand9.9gpotassiumbromide
inwateranddilutingto1Linagraduatedflask.
Thissolutionis0.017M
potassiumbromatewithaslightexcessofthe
theoreticalamountofpotassium
bromide.Analyticalgradereagentsshouldbe
employed.
Arseniclantimonysolution.Prepareamixed
solutioncontainingapproximately
115mgarsenicand160mgantimonyin1Lby
dissolvingabout150mg
arsenic(II1)oxideand300mgantimony(II1)
chloridein6Mhydrochloricacid.
Procedure.Place80mLofthe
arsenic/antimonysolutioninthetitrationce11
ofthespectrophotometer.Titratewithstandard
bromate/bromidesolutionat



326nmtakinganabsorbancereadingatleast
every0.2mL.Fromthecurve
obtainedcalculatetheconcentrationofarsenic
andantimonyinthesolution.
DETERMINATIONOFCOPPER(I1)WlTHEDTA
Discussion.Thetitrationofacopperion
solutionwithEDTAmaybecarried
outphotometricallyatawavelengthof745nm.
Atthiswavelengththe
copper-EDTAcomplexhasaconsiderably
greatermolarabsorptioncoefficient
thanthecoppersolutionalone.ThepHofthe
solutionshouldbeabout2.4.
Theeffectofdifferentionsuponthetitrationis
similartothatgivenunder
iron(II1)(Section17.57).Iron(II1)interferes
(smallamountsmaybeprecipitated
withsodiumfluoridesolution):tin(1V)should
bemaskedwith20percent
aqueoustartancacidsolution.Theprocedure
maybeemployedforthe
determinationofcopperinbrass,bronze,and
bel1metalwithoutanyprevious
separationsexcepttheremovalofinsoluble
leadsulphatewhenpresent.



Reagents.Copperionsolution,0.04M.Wash
analyticalgradecopperwith
petroleumspirit(b.p.40-60OC)toremoveany
surfacegreaseanddryat100OC.
Weighaccuratelyabout1.25gofthepure
copper,dissolveitin5mLof
concentratednitricacid,anddiluteto1Lina
graduatedflask.Titratethisstandardcopper
solutionwiththeEDTAsolutionusingfast
sulphonblackas
indicator(Section10.55),andthusobtaina
furthercheckonthemolarityof
theEDTA.
EDTAsolution,0.10M,andbufiersolution.pH
2.2.SeeSection17.57.
Procedure.Chargethetitrationce11(Fig.17.24)
with10.00mLofthecopperion
solution,20mLoftheacetatebuffer(pH=2.2),
andabout120mLofwater.
Positionthece11inthespectrophotometerand
setthewavelengthscaleat
745nm.Adjusttheslitwidthsothatthereading
ontheabsorbancescaleis
zero.Stirthesolutionandtitratewiththe
standardEDTA:recordthe



absorbanceevery0.50mLuntilthevalueis
about0.20andsubsequentlyevery
0.20mL.Continuethetitrationuntilabout1.0
mLaftertheendpoint;thelatter
occurswhentheabsorbancereadingsbecome
fairlyconstant.Plotabsorbance
againstmLoftitrantadded;theintersectionof
thetwostraightlines
(seeFig.17.23C)istheendpoint.
Calculatetheconcentrationofcopperion(mg
mL-')inthesolutionandcomparethiswiththe
truevalue.

DETERMINATIONOFIRON(III)WITHEDTA
Discussion.Salicylicacidandiron(II1)ionsform
adeep-colouredcomplexwith
amaximumabsorptionatabout525nm:this
complexisusedasthebasisfor
thephotometrictitrationofiron(II1)ionwith
standardEDTAsolution.Ata
pHofca2.4theEDTA-ironcomplexismuch
morestable(higherstability
constant)thantheiron-salicylicacidcomplex.
Inthetitrationofanironsalicylic



acidsolutionwithEDTAtheiron-salicylicacid
colourwilltherefore
graduallydisappearastheendpointis
approached.Thespectrophotometric
endpointat525nmisverysharp.
Considerableamountsofzinc,cadmium,tin(IV),
manganese(II),chromium(III),
andsmalleramountsofaluminiumcauselittle
ornointerferenceatpH2.4:the
maininterferencesarelead(II),bismuth,
cobalt(II),nickel,andcopper(I1).
Reagents.EDTAsolution,0.10M.SeeSection
10.49.Standardiseaccurately
(Section10.49).
Iron(Ill)solution,0.05M.Dissolveabout12.0g,
accuratelyweighed,of
ammoniumiron(II1)sulphateinwatertowhich
alittledilutesulphuricacidis
added,anddilutetheresultingsolutionto
500mLinagraduatedflask.
StandardisethesolutionwithstandardEDTA
usingvariamineblueBas
indicator(Section10.56).
Sodiumacetate-aceticacidbufier.Preparea
solutionwhichis0.2Minsodium



acetateand0.8Minaceticacid.ThepHis4.0.
Sodiumacetate-hydrochloricacidbufier.Add1
Mhydrochloricacidto
350mLof1MsodiumacetateuntilthepHof
themixtureis2.2(pHmeter).
Salicylicacidsolution.Preparea6percent
solutionofsalicylicacidin
acetone.
Procedure.Transfer10.00mLoftheiron(II1)
solutiontothetitrationce11
(Fig.17.24),addaboutlOmLofthebuffer
solutionofpH=4.0andabout
120mLofwater:thepHoftheresulting
solutionshouldbe1.7-2.3.Insertthe
titrationce11intothespectrophotometer;
immersethestirrerandthetipofthe
5mLmicroburette(graduatedin0.02mL)inthe
solution.Switchonthetungstenlampandallow
thespectrophotometerto'warmup'forabout
20
minutes.Stirthesolution.Addabout4.0mLof
thestandardEDTA(notethe
volumeaccurately).Setthewavelengthat525
nm,andadjusttheslitwidthof
theinstrumentsothatthereadingonthe



absorbancescaleis0.2-0.3.Nowadd
1.0mLofthesalicylicacidsolution;the
absorbanceimmediatelyincreasesto
averylargevalue(>2).Continuethestirring.
AddtheEDTAsolutionslowly
fromthemicroburetteuntiltheabsorbance
approaches1.8;recordthevolume
oftitrant.IntroducetheEDTAsolutionin0.05
mLaliquotsandrecordthe
absorbanceaftereachaddition.Continuethe
titrationuntilatleastfourreadings
aretakenbeyondtheendpoint(fairlyconstant
absorbance).Plotabsorbance
againstmLoftitrantadded:theintersectionof
thetwostraightlines(see
Fig.17.23A)givesthetrueendpoint.
Calculatetheconcentrationofiron(II1)(mgmL-')
inthesolutionand
comparethiswiththetruevalue.
Determinationofiron(II1)inthepresenceof
aluminium.Iron(II1)(concentration
ca50mgper100mL)canbedeterminedinthe
presenceofuptotwicethe
amountofaluminiumbyphotometrictitration
withEDTAinthepresenceof



5-sulphosalicylicacid(2percentaqueous
solution)asindicatoratpH1.0at
awavelengthof510nm.ThepHofastrongly
acidicsolutionmaybeadjusted
tothedesiredvaluewithaconcentrated
solutionofsodiumacetate:about
8-10dropsoftheindicatorsolutionarerequired.
Thespectrophotometric
titrationcurveisoftheformshowninFig.17.23.








