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ABSTRACT

In the present paper, quantitative estimation of an analyte solution of
potassium dichromateis carried out using iodo-potentiometric technique, a
method in which both potentiometric and iodometric titration results are
obtained simultaneously in atwo -in - one potentiometric cell. The basic
principleinvolved isthe reduction of Cr®* (oxidizing cation) of K,Cr,O, to
Cr¥ state by I (reducing agent). The free |, liberated is titrated with
standard sodium thiosulphate using iodo-potentiometric technique; and
the end points of both and volumetric (iodometric) titrations are obtained in
a two-in-one cell set up. Interestingly, a quantitative relationship 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 potentials, E,,, measured are again found to have alinear
relationship with the concentrations (N) of the K,Cr,O, samplestaken. The
titre volumes standard sodium thiosulphate (v, and v,,ml) of both potentio-
metric and iodometric methods are identical. In the light of the above
relationships observed, quantitative the estimation of K,Cr,O, is possible
by considering the redox chemistry of Chromium(Cr®*) and |- in terms of
their standard reduction potentials. An excellent conformity of results are
observed for potentiometric, iodometric and volumetric (oxidometry)
titration data for the estimation of K_Cr,O, analyte.
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INTRODUCTION

Aqueoussdt solutionscontaining cations of higher
oxidation state, like Ce*,Cr®, Fe*, and others are
being reduced to lower oxidation state by iodide (1)
ionsquantitatively inacidic medium; and theredox re-
actionsthat takes placeare gpontaneousand raid. Such
reactions arefeasible because the reduction potentials
(1.44V, 1.33V and 0.771V respectively) of these cat-
ions (oxidizing agents) are higher than the |- (reducing

agent) ion. Numerousreliable procedures have been
used for redox volumetric titrationg*“ for quantitative
chemical anaysis. Among these, iodometry isone of
the easiest, most rapid and accurate methodsfor the
determination of areatively smal amount of oxidizing
agent. The molar reduction potential (E®) of thereac-
tionl,+2e— 2I"is0.535valts, and therefore, it would
appear that iodide, (1) might be used for reducing a
considerableanumber of compoundswhich areposi-
tivetoitin potentia series. lodide (I") ionis, therefore,
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reducing agent that many oxidizing agents can react
completely with theiodideion resulting in many useful
iodometric processes.

Theusua procedure” involvestheaddition of ex-
cess of asolubleiodideto the oxidizing agent to be
determined, whereby an equivaent amount of iodineis
set free; thisisthen titrated with a standard sodium
thiosul phate. Theredox reaction taking place between
iodine and thiosul phate is the basis principle of al
iodometric processes.

Theiodine—thiosul phatereactionisquitefast and
theequilibriumisfar to theproduct side. Thisreaction
may berepresented as
|,+250.2— 21"+2S0.2; E°=0.09V )

Theamount of iodineliberated inthe reaction be-
tweeniodide(l") and an oxidizing agent (equation 2) isa
measureof thequantity of oxidizing agent (Cr¢*) present
intheanaytesolution.

Cr,0.%+6l"—2Cr¥+3l ; E°=1.33V )

The amount of standard sodium thiosul phate
required totitratetheliberated iodineisthen equivalent
to the amount of oxidizing agent (Cr®) asshownin
equation (2).

Inthepresent investigation, we have usediodo-po-
tentiometric, atwo- in- onemethod ;wherein, theana yte
potentia (E,,) isnotedwhendl thel, isset freeafter the
redox reaction. Theliberated lodineis, then, titrated
aga ngt sandard sodium thiosul phate sol ution observing
the changes of potential sduring thetitration process,
using fresh starch asanindicator. The process of mea
surement of potentia sare repeated for different con-
centrationsof analyte solutionsat pH =1.0. If theredox
reaction between Cr& and I isstoichiometrically fea-
sbleandfastinacid medium, then, themeasured poten-
tids(E,,) for equation (2) may changelinearly with dif-
ferent concentrationsof Cré* solutionsat pH =1.0; and
agaln, it may beexpected that, potentids(E,,) to change
linearly withvolumeof standard sodium thiosulphate(V
andV,ml) obtained from potentiometric andiodometric
titrationsfor different molar concentrationscerium.

EXPERIMENTAL

Preparation of different K_Cr O, samplesolutions

K,Cr,O, [ Fischer scientific, Qualigen fine chemi-
cals, assay: 99.5%, Mol Weight:294.185] of different
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concentrationsaretaken for iodo-potentiometricinves
tigations.. Inthe present invetigation, thefollowing con-
centrationsK Cr,O, [TABLE 1] are prepared for the
quantitative estimation of K,Cr,O, (Cr* state) and its
percentagein each sample solution.

Requistequantitiesof K Cr,O, crystdsareweighed
accurately and transferred into different 250ml volu-
metricflasks. Itisdissolved inrequisteamount of dis-
tilled water and the clear solution ismade up to 250ml
mark.

TABLE 1: Weight of K Cr,O,sample

Weight of K,Cr,0; sample

2

© 0N DN WNBR| >
o

1.0133
0.9695
0.8353
0.7457
0.6240
0.5186
0.439%
0.3309
0.2570
0.1100

=
o

Preparation of standard sodium thiosulphate
solution

7.6749g of Na,S, O, crystalsweighed and trans-
ferred to 1litre standard flask and dissolved with dis-
tilled water and made up to the mark, shaken thor-
oughly and used for titration. The Normaility of the
Na,S,0,solution used for theinvestigationis 0.1237.

Preparation of standard ferrous ammonium
sulphate

9.7913g of analar ferrous ammonium sul phate
(FAS) crysta saretransferred to 250ml standard flask.
10-15ml of dilutesulphuricacidisintroducedintoit to
keep acidicto avoid hydrolysis of thesample. The so-
lution is made up to 250 ml and shaken for uniform
concentration. Themolarity of the prepared sampleis
0.09986.

Electrochemical cell set up iodo-potentiometric
studies

Potentiometry isanimportant € ectrochemicd tech-
nique used for quantitative chemica analysisin anayti-
cal chemistry. Inredox potentiometry, potential of an
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indicator e ectrodein equilibrium with redox ionsto be
determined ismeasured. Such redox titrationsinvolve
thetransfer of eectronsfrom the substance being oxi-
dized to the substance being reduced.

Oxidized form + n electrons— reduced form

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

0.0591 [0X]
+—0 ogyy —

° [Red]

The potentia iscontrolled by theratio of these concen-
tration terms. Itispossibleto titratetwo substancesby
thesametitrant provided the standard potentia s of the
substances being titrated, and their oxidation or reduc-
tion products, differ by about 0.2volts.

Thed ectrochemical set up desired for theinvesti-
gationis
Hg/Hg,Cl /K CI(Satd)//Redox analyte sol ution/Pt
(reference electrode) (Indicator electrode)

Theemf of thecell,
B =[Eng~Eal

=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.

(1) 25 ml of K,Cr,O, solution is pipette out into
theglasscell. Requisite quantity of dilute sulphuric
acid isadded to maintain pH =1.0. 6ml of 10% K1
solutionisadded. After |, isliberatedinacell, the
equilibrium potential (E,,) of the solutionisnoted.
Potential variationsare noted for each addition (an
increment of 0.2 ml) of standard sodium thiosulphate.
A magnetic stirrer isused continuously to swirl the
solution duringtitration. When the color of the solu-
tioninthecell isstraw yellow, 1 ml of freshly pre-
pared starch isadded. The color changesto blue due
to starch iodine complex. 2 ml of NH,CNSisalso
added to releasetheiodinethat isbound to the starch
—iodine complex. At this stage, standard sodium
thiosulphate is added from the burette drop by drop
till theblue color disappears permanently. Thisisthe
end point of both volumetric and potentiometric ti-

E=E°

Burette

Potertiometer

4 Indicator

electrode
Saturated g

calomel
electrode

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

trations of thisredox reaction. The volume of stan-
dard thiosul phate consumed (V,ml) and the potential
at the end point (E_.) are recorded. The potentio-
metric titration of different molar concentrations of
K,Cr,O, are shown in Figure 2 and potentials E,,
(millivolts) aregivenin TABLE 2.

lodometrictitration

25ml of K, Cr,O, solution is pipette out into the
glasscdl. ThepH of thesolutionismaintained at 1.0 by
adding requisitequantity of dilute sulphuricacid . 6ml
of 10% K solutionisadded. Theliberated |, istitrated
againg standard sodium thiosul phate solutionttill theso-
lutionturnsstraw yellow. 2-3ml of NH,CNSisadded
and then, 1-2 ml of freshly prepared starch isadded.
Titrationiscontinuedtill the disgppearance of blue color
of the starch —iodine complex. Volume of sodium
thiosul phate consumed (V,, ml) at theend pointisre-
corded. Investigations are repeated for different con-
centrations of K.Cr,0O, and the data is tabulated in
TABLE3.

Volumetrictitration

25ml of K Cr,O, solutionis pipetteout into aconi-
cal flask. 15ml of dilute H,SO, is added. 2-3 drops of
Ferrionindicator isadded. Titrated with standard Fer-
rousammonium sulphate —brownish red color. Volume
of standard FAS consumed, (V, ml), arenoted for dif-
ferent concentration K ,Cr,O, solutionsand are given
iNTABLEA4.
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Figure2: Potentiometrictitrationsof K Cr,O, solution of concentration (1) (a) 0.08213N (b) 0.07818N (c) 0.06779N (d)
0.06036 (€) 0.05047N (f) 0.04206 N (g) 0.03562N (h) 0.267220. (i) 0.02079N (j) 0.00890N (2) Differential plots of the
titrations.
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TABLE 2: Dataof theresultsof potentiometrictitrations
Volume of 0.1237N

. . . - Estimated Estimated weight of Estimated

3. No V&/?(?rztogf Potg:jlals soig:}n;ltr:gs;Jrlgrr;ate normality of K2Cr,07 /250 ml by per centage of

g/250ml Millivolts differential plot K|2C.r20,7\| potentiometric Girassum

Figure 1, ml solution nalysis ichromate %

@) ) 3 4) (%) (6) (7

1 1.0133 368 16.6 0.08213 1.0063 99.31
2 0.9695 364 15.8 0.07818 0.9580 98.80
3 0.8353 355 13.7 0.06779 0.8306 99.43
4 0.7457 345 12.2 0.06036 0.7395 99.17
5 0.6240 336 10.2 0.05047 0.6184 99.10
6 0.5186 326 85 0.04206 0.5153 99.37
7 0.4396 318 72 0.03562 0.4365 99.30
8 0.3309 308 54 0.26722 0.3274 98.94
9 0.2570 302 4.2 0.02079 0.2546 99.08
10 0.1100 288 18 0.00890 0.1091 99.02

Average=99.17%
TABLE 3: Dataof theresultsof iodometrictitrationsof K Cr O,

Volume of Estimated Estimated Estimated
S Weight of 0.1237N sodium normality of weight of K,Cr,07 /250 per centage
Nc’) K,Cr,07 thiosulphate K,Cr,07 ml of Potassium
g/250ml consumed from iodometric solution By volumetric dichromate
MI N Analysis %
() @) €) &) ©) (6)
1 1.0133 16.6 0.08213 1.0063 99.31
2 0.9695 159 0.07867 0.9640 99.42
3 0.8353 137 0.06779 0.8306 99.43
4 0.7457 12.2 0.06036 0.7395 99.17
5 0.6240 10.2 0.05047 0.6184 99.10
6 0.5186 85 0.04206 0.5153 99.37
7 0.4396 7.2 0.03562 0.4364 99.30
8 0.3309 5.4 0.02672 0.3274 98.94
9 0.2570 4.2 0.02068 0.2534 98.60
10 0.1100 18 0.008906 0.1091 99.20

Average: 99.18%
TABLE 4: Dataof theresultsof volumetrictitration of K ,Cr.,O,VsSandard FASsolution

Weight of Volume of 0'099.86N Estimated normality of Estimated weight of Estimated per centage of
Sl Ferrousammonium ; K2Cr,07 /250 ml - .
K2Cr,07 K2Cr,07 solution . Potassium dichromate
No sulphate, by volumetric
9/250ml N : %
M Analysis
(1) 2 3 4 (5 (6)
1 1.0133 20.6 0.08228 1.0081 99.49
2 0.9695 19.6 0.07829 0.9593 98.95
3 0.8353 16.9 0.06751 0.8271 99.02
4 0.7457 15.1 0.06032 0.7390 99.10
5 0.6240 12.6 0.05033 0.6167 98.83
6 0.5186 10.5 0.04192 0.3139 99.09
7 0.4396 8.9 0.03555 0.4356 99.10
8 0.3309 6.7 0.02676 0.3279 99.10
9 0.2570 5.2 0.02077 0.2545 99.02
10 0.1100 22 0.00880 0.1078 98.02

Average: 99.01%
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RESULTSAND DISCUSSION

Theestimation of either K.Cr,O or | can becar-
ried out by considering the general procedure de-
scribed e sewheré 4 iodometrically using volumetric
method.

Recently, Palannaand hisco-workers>™ have es-
timated few oxidizing cationslike Ce*, Cr®, Fe* using
iodo-potentiometric technique of analysis.K.Cr, O, is
astrong oxidizingagent (E°=1.33V) and oxidizesmany
reducing agents, especidly, iodide (I) ions (E° =
0.535V) rapidly and quantitatively to releasefreeio-
dine. Themore positivethe E° value of the oxidizing
agent, thestronger the oxidizing power and the wesker
isits conjugateions as an reducing agent.The redox
reaction taking place between Cr* (of K.Cr,O.,) and
I-ionsarethe bas sfor iodo-potentiometric chemical
andysis. Thepotentid changeof thereaction [Equation
(2)] isattributed dueto
Cr,0.2+6l"—>2Cr3 +3l,;

E,, =[ 1.33-0.535] = 0.795volts
at standard conditions.
Theequlilibrium constant K, isgiven by

K - 2% 96485x 0.795
B 8.3145x 298.15
K =7.52x10%

Thepotentia of thereaction, E°ispositiveand ‘K’ for
the abovereactionishigh; and therefore, thereaction
proceedsfavourably to theright, as predicted from the
differenceof their standard reduction potential values
for feasibility of thereaction. Theaboveredox reaction
iscarried out at pH about 0.9. The potentidl, E,, a non
standard conditions of investigation can be obtained
fromequation (2).

[Cr¥? 1

E, =[133-0.535]-l0g;y ————
M [ ] J10 [Cr6+]2 [|2]

(©)
and whichisdependent on the concentration of potas-
sium dichromatetaken for investigation at pH =0.9.

The estimation of few meta cationsof higher oxi-
dation statesand standard reduction potentialsarere-
ported earlier’® using iodo-potentiometric technique.
In the present paper, the same procedure has been
adopted for the estimation of potassium dichromate
(Cr®") usingiodo-potentiometric method.

—= Fyll Paper

Theresults of the potentiometric analysis based
ontheiodometric basic principlesareshowninFig-
ure 2. The potentiometric curves (Figure2) illustrates
thefollowing aspects: i) the potential, (E,,), at point
marked ‘A’ accounts for equation (3), and thereaf -
ter, the potential slowly decreaseswith the addition
of small increments of standard sodium thiosul phate
(CurveAB) whichisdueto the consumption of io-
dinewith sodium thiosul phate[ Equation (1)]. There-
after, the potential decreases abruptly to C (BC) in-
dicating theend point of potentiometrictitration. CD
describesthe potential change dueto the addition of
excess of sodium thiosulphate. The Figure 2, curve
(2), indicatesthe differential [6?E/5?V] plots of po-
tentiometrictitrationsof potass um dichromate against
astandard sodium thiosul phate. The end points of
potentiometric titrationsfor different concentrations
of K,Cr,O, solutions are noted from these differen-
tial plotswhich aretabulated in column (4) of TABLE
2.The estimated weight of K Cr,O, /250ml is calcu-
lated and aregivenin column (6). It found that chemi-
cal assay of K, Cr,O_ by potentiometric method is
99.17%.

Theend points (V, ml) obtained fromiodometric
titrations of K Cr,O, for different concentrationsare
givenin TABLE 3, column (3). Theestimated weight
of K,Cr,O, /250ml are shownin column (5) and the
estimated percentage of K,Cr,0,is99.18, whichis
very closeto theresult obtained from potentiometric
method.

To confirm the aboveresults, we have carried out
thevolumetrictitration of K. Cr, O, aganst standard fer-
rousammonium sulphatesolution usingferroinindica:
tor. Theestimated weightsof K ,Cr,O./ 250ml aregiven
inTABLE 4, column (5) and theaverage percentage of
K.,Cr,O, onanaysisisfoundto be 99.01.

To andysetheunknown concentration of K,Cr,O.,
thefollowing stepshaveto befollowed:

1) Notethepotentid, E,, of thesolution (at Point ‘A”)
potentiometricallymai ntaing the same conditions of
redox reaction; thet is, Thepotentia E,, of unknown
1S350mV.

ii) Fromlinear cdibration potentidsE, ,, Vsvolumeof
Na,S,O, plot, find out the corresponding volume
required (Vml) for potential 350 mV. Thevolume
of sodium thiosulphaterequired for consumptionis
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13.1 ml fromFigure 3, whichisequivaent to acon-
centration of 0.06482N (or 0.7942g9/250ml) of
K,Cr,0..

400 ~

MM—’

Potentials, Em,
millivolts

28 131 ml

0 +— — ; : —

a 5 10 15 20
Volume of standard sodiummthiosulphate,ml —¥

Figure3: Acaliberation plot of potentials, E,,, against volume
of standard sodium thiosulphate, ml

Theassay of quantitativeanadys sobtained fromthe
three methods of analysisarein excellent agreement
with each other and the results point out that iodo-po-
tentiometric method of combined analysisisalso ause-
ful tool to andyse quantitatively such compounds.
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