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ABSTRACT

| odo-potentiometric method, aversatile techniqueinwhich both iodometric
and potentiometric results can be obtained in a two-in- one cell for the
estimation of an oxidizing cation in analyte solution. It is observed that the
Fe* ions present in ceric solutions can be masked completely at pH = 1.0 as
FeF 2 by adding requisite amount of NH,HF,. A quantitativerelationship is
observed between the potentials, E,,, and the volumes of standard sodium
thiosul phate consumed (at the end point) in potentiometric and volumetric
titrations. These potentids, E,,, are again found to have alinear relationship
with the molar concentrations of the analyte samples taken. The titre vol-
umes of standard sodium thiosulphate (v, and v,,ml) of both potentiometric
and iodometric methods are identical. Interestingly, the estimation of ceric
(Ce*) ispossibleinthelight of the above relationships observed. An excel -
lent conformity of results are observed for potentiometric, iodometric and
volumetric (cerimetric) titration datafor the estimation of ceriumin cerium
salt solutions containing another oxidizing agent like Fe**ions.
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INTRODUCTION

Themolar reduction potential (E°) of thereaction
|, +2e— 21"is0.535volts, and therefore, it would ap-
pear that iodide, (I)) might be used for reducing acon-
siderableanumber of compoundswhich are positive
toitinpotential series. lodide(l)) ionis, therefore, a
strong enough reducing agent thet many oxidizing agents
canreact completdy with theiodideionresultinginmany
useful iodometric processes. Quadrivaent ceriumisa
strong and powerful oxidizing agent inmolar sulphuric
acid solutions. Theuseof acidified solutionsof ceric
sdtsasvolumetric oxidizing agentswas suggested long
ago*®, but only afew decades back, the applications

of ceric sulphate been systematically studied by
Atanasiu*?, young®, Berry®, and Furman and co-
workerd®, Early potentiometric studieson cerium sats
by conventional technique were done by Someya®7.
Ceric sulphate cannot beused in faintly acid or neutral
solutionsbecausedightly solublebasic ceric sdtsare
formed. Perceric saltsareformed by the action of air
onceroussatsinakainemedia.Therefore, itisdesir-
ablethat acid concentrationsof greater than 1M should
be used, if ceric sulphateis used asoxidizing agent for
any investigations.

The usua procedure®*¥ involvesthe addition of
excess of asolubleiodideto the oxidizing agent to be
determined, whereby an equivadent amount of iodineis
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set free; thisisthen titrated with a standard sodium
thiosulphate. Theiodine—thiosulphatereactionisquite
fast and theequilibriumisfar tothe product side. This
reaction may be represented as
|,+250.2- 21"+ 2S0.2; E°=0.09V @A)
The feasibility of analyte redox reaction in
potentiometry isdependent on the standard reduction
potentiasvauesof Ce* (E°=1.44V), Fe** (E°=0.77V)
andthel- (0.535V). Thefollowing reductionreactions
cantakeplaceinhighly acidic solution (pH =1.0) inthe
presenceof I-ions,

Ce*+e— Ce*; E°=1.440V @)
Fe* +e— Fe?;, E0=0.771V €)
And simultaneoudy, iodide getsoxidized tofreeiodine
(1).

|,+2e—> 2l E°=0.535V 4

And, the possibleredox reactionsthat can occur areas
2Ce* +2I'»2Ce +1,;

E°_ =[1.44-0.536] =0.905V ©)
2Fe + 21" 2Fe? +1
E°_, =[0.77-0.536] =0.235 V 6)

By virtueof thedifference of reduction potential vaues
of reaction, thereaction between theana yte containing
both Fe** and Ce** and theiodideions occurs sponta
neoudy to theright; and therefore, theredox reactionis
feasble, rgpid and quantitativein acid medium.

Potentiometry isone of themost frequently used
ana ytic techniquefor chemical analysisbecauseof its
flexibility and versdtility. Itis, therefore, evident that the
above redox reaction can be conveniently considered
for the estimation of cerium andiron by potentiometric
method. When requisiteamount of K1 solutionisadded
to asolution containing Ce* and Fe* ions, both oxidize
iodide(I) ionsand thus, |, isliberated. Thebasic prin-
cipleof the above redox reaction between Ce** and I-
ions can beused to determinequantitatively theamount
of cerium in the presence of Fe** in acidic (pH=1.0)
solution, if, Fe** ionsare masked completely ascom-
plexions, FeF .

In the present investigation, we have used iodo-
potentiometric, atwo- in- onemethod ;wherein, the
andytepotentid (E,,) isnotedwhendl thel, isset free
after theredox reaction. Theliberated lodineis, then,
titrated against standard sodium thi osul phate solution
observing thechanges of potentialsduring thetitration
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process, using fresh starch asanindicator. The process
of measurement of potentialsarerepeated for different
concentrations of analyte solutionsat pH =1.0.

Theredox reaction taking placebetweeniodineand
thiosulphateisthebas sprincipleof all iodometric pro-
Cesses.

I,+250,%> 2I'+S0,%.

Theamount of iodineliberated in thereaction be-
tweeniodide(l") and an oxidizing agent (equetion5) isa
measureof thequantity of oxidizing agent (Ce*) present
intheandyte solution[If Fe** ionsare masked] .
2Ce" +2I"» 2Ce* + 1,

The amount of standard sodium thiosulphate re-
quiredtotitratetheliberated iodineisthen equivaent to
theamount of oxidizing agent (Ce*") asshownin equa-
tion (6). If the redox reaction between Ce** and |- is
goichiometricaly feesbleand fast inacid medium, then,
the measured potentials (E,,) for equation (5) may
changelinearly with different molar concentrations of
Ce* solutions at pH =1.0; and again, it may be ex-
pected that, potentids (E,, ) to changelinearly with vol-
ume of standard sodium thiosulphate (V, and V., ml)
obtai ned from potentiometric and iodometrictitrations
for different molar concentrationscerium.

EXPERIMENTAL

Preparation of different cericammonium sulphate
solutions

Ceric ammonium sulphate [ Fischer scientific,
Qualigen fine chemicals, assay: 95%, Mol
Weight:632.56] istakenfor iodo-potentiometricinves-
tigationsfor different molar concentrationscerium.

Inthe present investigation, thefollowing molar con-
centrations ceric anmonium sulphatesalt [ TABLE 1]
are prepared for the quantitative estimation of cerium

TABLE 1: Weight of sample(C.A.S)

Weight of the ceric ammonium sulphate
(CAY9

15.810
12.566
9.406
6.305
3.141
1.660

o s WN R| =
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and its percentagein each sample solution.

Requisite quantities of ceric anmonium sulphate
crystasarewe ghed accurately and transferred into dif-
ferent 250ml standard flasks. The samplesaredissolved
in1:1concH,S0, andtheclear solutionismadeupto
250ml mark withdil H,S0,.

Preparation of 0.1N FeCl solution

About 16.22g of FeCl, is dissolved in 1:1 HCI,
shaken thoroughly for homo-geneity and madeupto
1000ml. Thestrength of the solutionisabout 0.1M.

Preparation of standard sodium thiosulphate
solution

About 57.825g of Na,S,0, crystalsweighed and
transferred to 1litre standard flask and dissolved with
distilled water and made up to the mark, shaken thor-
oughly and used for titration. The molarity of the
Na,S,0, solution used for theinvestigationis0.2457.

For cerimetrictitration: Preparation of standard
ferrousammonium sulphate

9.8850g of analar ferrous ammonium sul phate
(FAS) crysta saretransferred to 250ml standard flask.
10-15ml of dilutesulphuricacidisintroducedintoit to
keep acidictoavoid hydrolysisof thesample. The so-
lution is made up to 250 ml and shaken for uniform
concentration. Themolarity of the prepared sampleis
0.1012.

Electrochemical cell set up iodo-potentiometric
studies

Potentiometry isan important tool used for quanti-
tative analysis in analytical chemistry. In redox
potentiometry, potential of an indicator electrodein
equilibrium with redox ionsto be determined ismea-
sured. Suchredox titrationsinvolvethetransfer of elec-
tronsfrom the substance being oxidized to thesubstance
being reduced.

Oxidized form + n electrons— reduced form

For such reactions, the potential (E) acquired by
theindicator electrode at 25°C isgiven by

_ o, 00591 [0X]

° [Red]

Thepotentid iscontrolled by theratio of thesecon-
centration terms. It ispossibletotitrate two substances
by the sametitrant provided the standard potentials of

E log,,

—— Fyll Peper

the substancesbeingtitrated, and their oxidation or re-
duction products, differ by about 0.2volts.
Theeé ectrochemica set up desired for theinvesti-
gationis
Hg/Hg,Cl,/K Cl(Satd)//Redoxanal yte sol ution/Pt
(reference e ectrode) (Indicator electrode)
Theemf of thecdll,
Ecell = Elndi - Eref]
=E, - 0.2422
Therefore E, ,=E_, +0.2422

Where, E , isasaturated calomel electrode of constant poten-
tial, 0.2422volts.

Procedures
| odo- Potentiometrictitration

The potentiometrictitrationiscarried outinacell
asshownintheFigurel.
Burette

Potertiometer

4 Indicator
electrode
Saturated -
calomel
electrode
Analyte
————— solution

Magnetic stirrer
Figurel: Atwoin onecell set up for iodo- potentiometric
titrations.

(i) 25 ml of ceric ammonium sulphate solutionis
pipetteout into theglasscal.

Requistequantity of 1:1 sulphuric acidisadded to
maintain pH =1.0. 6ml of 10% K solutionisadded. Af-
ter |, isliberatedinacdl, theequilibrium potentid (E,,) of
the solutionisnoted. Potentid variationsare noted for
each addition (anincrement of 0.2 ml) of standard so-
diumthiosulphate. A magnetic irrer isused continuoudy
toswirl thesolution duringtitration. Whenthecolor of the
solutioninthecell isstraw yelow, 1 ml of freshly pre-
pared starch isadded. Thecolor changesto bluedueto
starchiodinecomplex. 2ml of NH,CNSisasoaddedto
releasetheiodinethat isbound to thestarch—iodinecom-
plex. At thisstage, sandard sodium thiosul phateisadded

—— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



446

| odo-potentiometric method of estimation of ceric salts

ACAIJ, 8(4) December 2009

Full Peper —

from the burette drop by drop till the blue col or disap-
pearspermanently. Thisistheend point of both volumet-
ric and potentiometrictitrations of thisredox reaction.
Thevolumeof standard thi osul phate consumed (V,ml)
andthepotentia a theend point (E_,) arerecorded. The
potentiometrictitration of different molar concentrations
of cericammonium sulphateareshowninFgure2 and
potentidsE,, (millivolts) aregiveninTABLE 2.
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volume of sodium thiosulphate ,m| —
Figure 2 : Potentiometric titration curves of ceric
ammonium sulphateat pH=1=0.

TABLE 2: Potentiometric data of cericammonium sulphate
of different molar solutions

Volume of
sodium
. . 0.2457M Estimated Estimated
Weight of Potentials, . ] Percentage
theceric  millivolts thiosulphate Molar . wecght of of ceric
: from concentration ceric
amm Equation otentiometric  of ceric Amm Amm amm
sulphate @ p ! " sulphate.
(/ 250ml) (En)* end points sulphate, sulphate. (%)
9 M before and M) (g/250ml) 0
after masking.

(Viml)

(€] @) (©)] 4 ©) (©)
15.810 365 9.8 0.0963 15.229 96.3
12.566 348 7.8 0.0766 12.1228 96.47
9.406 332 5.8 0.0570 9.0143 95.83
6.305 315 3.9 0.03833 6.0614 96.13
3.141 298 19 0.01866 2.953 94.01
1.660 289 1.0 0.009828 1.5542 93.62

(E,)* denotes potentials respective molar concentrations.
Average=95.39

Theinvestigationissimilarly carried out for ceric
ammonium sul phate solutionscontainingironwhichis
masked by fluoride ascomplex ions.

lodometrictitration

(1) 25 ml of ceric ammonium sulphate solutionis
pipetteout intotheglasscell. pH of thesolutionismain-
tained a 1.0 by adding requisitequantity of 1:1 sulphuric
acid. 6ml of 10% K1 solutionisadded. Theliberated
|, istitrated against standard sodium thiosul phate solu-
tion till the solution turns straw yellow. 2-3ml of
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NH,CNS is added and then, 1-2 ml of freshly pre-
pared starchisadded. Titrationiscontinuedtill thedis-
appearance of blue color of the starch —iodine com-
plex. Volumeof sodium thiosul phateconsumed (V,, ml)
at theend point isrecorded. Investigations arerepeated
for different molar concentrations of cericammonium
sulphateand thedataistabulatedin TABLE 3.

TABLE 3: Volumetric data of cericammonium sulphate of
different molar solutions

Volume of Estimated

Weight .Of sodium 0.2457M Molar Est!mated Per centage
theceric - . weight of )
thiosulphate concentration ) of cericamm
amm . - cericAmm .
from Volumetric  of ceric Amm sulphate.
sulphate end points. sulphate, sulphate. (%)
/ 250ml ) ' /250ml
@) 0] (©)] 4 O]
15.810 9.8 0.0963 15.229 96.3
12.566 7.8 0.0766 12.1228 96.47
9.406 5.6 0.0541 8.5490 90.88
6.305 38 0.03735 5.906 93.67
3.141 19 0.01866 2.953 94.01
1.660 1.0 0.009828 1.5542 93.62

Average=94.11%

(ii) 25ml of ceric ammonium sulphatesolutionis
pipetted out and add 2ml of about 0.1M FeCl. intoit.
To mask the Fe**, 5ml of 0.5M NH HF, is added,
shakenwell and titrated asexplained above. Thetitra-
tionsarecarried out for other concentrations of ceric
sdt containingiron.

Ceimetrictitration

25 ml of Ceric ammonium sulphateis pipette out
intoaconical flask. 15ml of 1:1 H,SO, isadded. 2-3
dropsof Ferrionindicator isadded. Titrated with stan-
dard Ferrous ammonium sul phate sol ution with con-
tinuousswirling. At theend point, the color of thesolu-
tion changed to brownish red color. Volume of stan-
dard FAS consumed, (V,ml), are noted for different
molar concentration ceric sat solutionsand aregivenin
TABLEA4.

TABLE 4: Estimation of cerium by cerimetrictitration

Volume of

Weight of Estimated Molar ~ Estimated

theceric _ FEITOUSAMM  ooncentration of weight of Per centage of
sulphate 0.1012M - ) cericamm
) ceric Amm cericAmm.
from volumetric sulphate.
sulphate end points sulphate, sulphate. (%)
(g/ 250ml) (V5 ml) (M) (g/250ml)

(O] @ ©) 4 ®
15.810 228 0.09229 14.856 93.96
12.566 186 0.07529 12.1185 96.90
9.406 ) 0.06048 8.7957 93.51
6.305 9.4 0.03805 6.1244 97.12
3.141 46 0.02061 2.997 95.44

1.660 23 0.009310 1.4985 93.90

Average=95.14%
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RESULTSAND DISCUSSION

Ceriumin 4+ oxidation statein andyte solution be-
havesasastrong and powerful oxidizingagentinhighly
acidic medium. The redox reaction taking place be-
tween Ce* and I ionsisfeasible because of itshigh
vaueof reduction potential (E°_ */_* =1.44volts)® at
AN H,SO, solution. Inaddition, theworksof Atanasu™
and youngt¥, Berry® and Furman™ indicated that ce-
rium (Ce*") have wonderful applicationsin anaytical
Chemigtry. Ceric saltswhen dissolved infaintly acidic
or neutral conditionformsadightly solublebasic sats
and hence, cannot be used. In 1928, Someya®" car-
ried out potentiometric studies by conventiona method
for cerium. After abreak of few decadesof initid re-
search investigationsof cerium asoxidizing agent and
their applications, Anandamurthy and Palannd'24 and
other coworkers?, have reported anovel technique
for the quantitative estimation of copper, iron and ce-
rium by iodo-potentiometric method. The redox reac-
tionsinvolvedin such casesarerapid and quantitative
in acidic solution (pH = 1.0); and hence, can be ex-
ploited to carry out investigationsto estimate metd cat-
ionsof higher reduction potential s (oxidizing agents)
throughiodo-potentiometric method, anovel technique
through which one can obtain both volumetric aswell
the potentiometric data. Ce** (1.44V) and Fe** (0.77V)
ions have higher reduction potentials than iodide
(0.535V) and hence, both the cationsoxidizeiodideto
freel, . Therefore, it clear that Ce* cannot be esti-
mated quantitatively in the presence Fe** dtate, if both
theseionsare present in an ana yte solution..

Inorder to get rid off thistype of problem in quan-
titative estimation, we haveused Fluorideion (F) asa
complexing agent, which quantitetively removesferric
iron asa Complex, FeF 2. When Kl is added to ce-
rium salt solution containingiron (in Fe** state) at pH
=1.0, both the bel ow mentioned reactionstakes place
smultaneoudy releasingiodinesince both thereactions
arefeasibletotheright.
2Ce*+2I"—> 2Ce* +1,; (E°,)
equation (5)

(E°)
equation (6)

Thefeasibility of theabovereactionsa so can be

highlighted intermsof theva uesof Potentid s (E) and

2QFe*+ 21> 2Fe +1,;

—— Fyll Peper

theequilibrium constant (K) at standard conditionsas
shown
For cerium, itis

nF(E).

RT '
2% 96485x 0.905

P "83145% 298.15

K =exp (70.44)

K =exp

K = 3.90x 10%

Theequilibrium constant, K, for reduction of cerium
Cetto Ce**is3.90 x 10%.
Foriron,itis,
nF(E®)
RT
2x 96485x 0.235
8.3145x 298.15
K =exp (18.29)

K =exp

K =8.77x10"

Theequilibrium constant, K, for thereduction reaction
of Fe**toFe**is8.77 x10’ whichisalsofairly highand
takesplaceintheforward direction.

If Fe** ismasked inanalyte solution as FeF -, then
Ce*ionscan only interact with KI and liberate free
iodineequivadent totheamount of ce** presentinandyte
solution.

Ce"+e— Ce+; E° [equation (2)]
2I"—>1,+2¢ E° ,,=-0.535volts [equation (4)]

The Ce* ionsgetsreduced to Ce** ions, whereas
lodide(l-) ionsgetsoxidized quantitatively tofreel,, .In
Figure 2, the potentiometric titration curves of ceric
ammonium sul phatesol ution (intheabsenceof iron sdlt)
for different molar concentrations are shown.

2ml of 0.1M FeCl, (Fe*) isintroduced into dif-
ferent concentrations of ceric ammonium sulphate so-
lutions. Theferriciron of thesolutionsare then masked
by adding 2 - 3ml of 0.5M NH HF, and it istitrated
using two-in-one cell asshown inthe Figure 1 with
standard sodium thiosul phatetaken intheburette. The
potentiometric titration curves obtained for iron
masked ceric ammonium sul phate solutionsand for
pure ceric salt solutionsare depicted in curves 1 and
curve 2 respectively in Figure 3. Thedifferentid (6°E/

=144V

Ced+/ Ce3+

—— a%a['yttaa[’ CHEMISTRY
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0°V) titration plots are shown curve 3 of Figure 3.
Theend pointsof potentiometrictitrationin each case
isidentical to that obtained for analyte solution with-
out Fe*" ions for a particular molar concentration.
However, it can be noticed that the overall potentials
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(E,,) of analytesolutionscontainingironishigher than
the one observed for pure ceric ammonium sulphate
solutions dueto complexation of iron as FeF3; and
however, thetitration behaviour issmilar asindicated
in (1) and (2) of Figure3.
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Figure3: Potentiomtrictitrationsof (1) iron masked analyte solutions(b) pur e cericammonium sulphate solutionsand (3)

differential [?)E/6°V] plotsfor both titrations.

Thedataof theresultsof potentiometric studiesof
both pure ceric ammonium sul phate and Fe* masked
solutionsaretabulated in TABLE 2. InFigure 3, point
marked ‘A’ indicatesthe potentids, E,,, for both pure
ceric ammonium sulphate and Fe** masked analyte
solutionswhichisgivenas

0.0591 [ce* 131712

E, =[1.44-0.535]- 2 J10 [Ce™ 141 ,] ()

AB showsthe changes of potentialsduring thetitra-
tionsiodineagang sandard sodiumthiosulphate, Equa:
tion (5). BCistheindication of thepotential changes
nearer end point. CD isthe potentialsdueto the addi-

tion of excesssodium thiosulphate solutiontotheand yte.
From curve 3 of Figure 3, the end points potentiomet-
rictitrationsare obtained fromthedifferentia potentia
(0°E/o*V) plotsfor analyte and the masked solutions..
TheFe* ionsare completdly masked by fluorideions
asstablecomplexionsanditisremarkableto notethat
theend pointsfor both potentiometrictitrationsareiden-
tica (V, ml) for aparticular molar concentration. The
iodometrictitration dataobtained (V,,ml) for boththe
abovesolutionsaretabulatedin TABLE 3.

To confirm the results of potentiometric and
iodometrictitrations, we have a so estimated the ceric
in cericammonium sat and iron masked anadyte solu-
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tionsby cerimetrictitrations and the dataof theresults
aregivenin TABLE 4. It can beremarked that the es-
timated amounts cerium ammonium sulphatefromaall
themethodsof estimationarenearly identical (TABLES
2-4). Itisobserved that the potentids, E,, of theanayte
(after masking Fe* dso) varieslinearly with themolar
concentration of ceric salt solutions. Thislinear cdibra-
tion plot E,, versus volume of standard sodium
thiosulphate (V ml) isshownin Figure4. The concen-
tration of the unknown cerium(Ce*") solution (inthe
absence Fe* ions) can be obtained from the above
linear plot. Themeasured cell potential ,E,, is338mV
after maskingferricironwith fluoridei onsfor unknown
andyte. The estimated concentration of unknown solu-
tionis0.05M, which correspondsto avolume of 4.6
ml (Figure4) of 0.02457M sodium thiosulphate. The
estimated weight of ceric ammonium sulphateand the
onethat ismasked for iron areidentical, which points
out that iodo-potentiometric technique al so can be suc-
cessfully used for theestimation.
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Figure4: Determination of molar concentration of unknown
cericammonium sulphate solution from caliber ation plot of
E,, (after masking) VsVolume of sodium thiosulphate, ml.
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