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ABSTRACT

Copper in cupric salt / brass is, generally, estimated by the well known
iodometric method. Many modifications were made to the procedure to
improve results. In the present investigation, for the first time, copper in
copper solutions are estimated by using iodo-potentiometric technique of
analysis. In the present paper, the results of both the redox potentiometric
and titrimetric methods of analysis are correlated successfully to estimate
the amount of copper in the samples of copper salts at different pH and
buffer media conditions. The results of the present investigation clearly
hints that copper can be estimated effectively at pH between 2.0 and 3.5
using NaOH and CH,COOH; whilethe desired pH range, preferably, is2.0 -
3.0 for ammoniaand acetic acid as buffer reagents. The results obtained for
copper saltsusing NaOH or NH,OH, with citric acid as acidifying agent, is
poor. Thisisdue to the formation of a product of complexation with one of
the reagents. However, it can be observed that the estimation of copper
givesfairly good result with error, if the pH of the solution is maintained at
pH = 2.0 by the addition of citric acid. Thus, redox iodo- potentiometric
technique is also used as an excellent analytical tool for analysis; and the
results obtained for copper estimation are comparableto any standard meth-
ods of analysis. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

A comprehensivesurvey of literature pertainingto
the estimation of copper revealed that, generaly,
iodometric® method is adopted. The iodometric
method of determining copper consistsessentially in
treating asolution of the cupric salt with asolubleio-
didewhich precipitates cuprousiodide and liberates
iodine. Thelatter can betitrated with standard sodium
thiosul phate. The method has, however, certain diffi-
cultied?d which arefamiliar tothosewho haveused the
method, and whichlimit itsaccuracy. Thisisarapid,
quantitativereactioninacidicsolutions if thereisalarge
excessof iodideion present and if the copper isinthe

form of asmpleionrather thanacomplex one.

Thereactioninvolving copper (1) ionandiodide
takesplacequantitatively sincethe copper (1) ionformed
asresult of thereductionisremoved from thesolution
asainsoluble precipitate of copper (1) iodide. Copper
(I1) iodideis unstable since theiodide reduces Cu? to
Cu'.

Themethodis, however, widely used on account
of itsspeed but hardly to be classed in accuracy witha
number of other iodometric methods. A modification of
thismethod was proposed by Bruhng“ with the object
of usinglessiodidethan isnecessary by theusuad method.
Themodification consstsin adding potassium thiocy-
anatea ongwith theiodide, which precipitatesthemore
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insolubl e cuprousthiocyanateinstead of cuprousio-
dide. Thismodification has been shown repeatedly to
giveunreligbleresultsand recently™™ thereasonsfor the
falureof themethod. Briefly, themodified method gives
low resultsbecause both iodine and thiocyanogen are
liberated s multaneously to acertain extent, and react
on each other.

In principle, however, the Bruhng* method hasone
advantage, Sncecuprous Thiocyanaeismoreinsoluble
than cuprousiodide, thustending to makethereaction
more complete dueto the more complete removal of
cuprousion. It wasobserved during their investigation,
cuprousthiocyanate doesnot adsorbiodineat |ow con-
centrationsof thelatter, but becomeswhiteasthefree
iodineisremoved by titration, which makesthe end-
point exceedingly sharp in the presence of starch. It
appeared probablethat theundesirable sidereactions
occurringin the Bruhng¥ method could beeliminated
by adding the solublethiocyanate latein the course of
thetitration. Inthat casethe method should have greater
accuracy than the usual method. Thequdlitative effect
of adding athiocyanate can be shown very easily. If this
saltisadded, during atitration, just astheendpointis
reached by theusual method, thestarchiodidecolor is
markedly intensified.

lodometric methods™ depend on the following
equilibrium: [, +1"— 1.

Sincethe solubility of I, inwater isquitelow, the
formation of thetri-iodideion, |-, allowsusto obtain
useful concentrations of |, in agqueoussolutions. The
equilibrium congtant for thisreactionisapproximately
700. For thisreason, iodometric methods are carried
out inthe presence of excessiodideion.

A cursory survey of literatureregarding theestima-
tion of copper indicated that estimation based on the
redox potentia sof iodometry using potentiometrictech-
niqueisnot availablefor reference.

It isevident, sometimes, that certain difficulties??
ariseintheestimation of copper in sats; and also at-
tribute the cause may be dueto any of thefollowing:
a. theformation of intermediate product of complex-

ation during thereaction with thereagentsand
b. asoduetothevariablepH conditionsof the me-

dium, for reasons.

Asaresult of theabovefacts, thereduction of Cu?*
to Cu*isnot quantitative.

—= Fyll Paper

Thishas prompted usto investigate/estimate the
amount of copper present in asamplethrough redox
potentia measurementsthrough potentio-metric tech-
nique; and aso corroborating theresultssmultaneoudy,
usingtitrimetric method of analysis, maintaining differ-
ent pH condition of the medium. Wehave carried out
thisinvestigation using different buffer reagents, too, to
elicit out theeffectiverangeof pH for quantitative de-
termination of copper; and the preferableacidifying re-
agentsfor both iodometric and potentiometric tech-
nigques. We have attempted to correlate, logicaly, both
of theseresultssuccesstully.

EXPERIMENTAL

(i) Cell set up for potentiometricinvestigation

Potentiometry isone of the versatilemethodsused
for quantitativeanaysisin analytica chemigtry. Inthis
case, potential of anindicator eectrodein equilibrium
with redox ionsto be determined is measured. Such
redox titrationsinvolvethetransfer of electronsfrom
the substance being oxidized to thesubstance being re-
duced.

Oxidized form + n eectrons=reduced form

For suchreaction, the potential (E) acquired by the

indicator dectrodeat 25°C isgiven by

E=E°+0.0591logJox] (@)
n [red]

Thepotentia iscontrolled by theratio of thesecon-
centrationsterms. Itispossibletotitratetwo substances
by the sametitrant provided the standard potential s of
the substancesbeingtitrated, and their oxidation or re-
duction products, differ by about 0.2 V.

Theeectrochemical cell set up desiredfor thein-
vestigationis
Hg/Hg,Cl,/KCl (Satd) // Redox analyte/Pt
(referenceelectrode)  (Indicator electrode)

Therefore, E,,=E_, +0.2422 volts.

Where, E  isasaturated calomel electrodeof constant
potential, 0.2422 Voltsat 25°C. The potentials mea-
suredinthisinvestigation arenot under standard condi-
tions but under laboratory conditionsand concentra-
tionsof thereagents.

(i) Procedure
In order to ascertain best conditions needed for
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guantitative precipitation of copper ascuprousiodide,

we have performed the experiments at different buffer

mediareagentsand pH conditions. Thefollowing se-

riesof stock solutions of copper sulphate (0.1, 0.08,

0.06, 0.05, 0.04, 0.02 and 0.01Molar) are prepared

from CuSO,.5H,0 (Assay:99.5 %). The potentid (E)

measurements of different copper solution during the

investigationsaremadewith following reagents:

(2). 4N NaOH; (2). 1:1 Ammonia solution; (3). 1:1

Aceticacid; (4). 4N citricacid; (5). Standard Na,S,0,

solution; (6). Freshly prepared starch; (7). 5%

NH,CNSsolution
Specificdly, weareinterested inthefollowing sys-

temsat different pH conditionsfor investigation.

(1). CuSO, + NaOH + CH,COOH; (2). CuSO, +

NH,OH + CH,COOH,; (3). CuSO, + NaOH + Citric

acid; (4). CusO,+NH,OH + Citricacid
The potentiometric and volumetrictitrationsof the

above systems are carried out in two-in-one cell as
shown (figure 1) maintaining different P conditions.

1. Pipetteout 25 ml of copper sulphate solutioninto
thecdll.

2. InsertthePt (indicator) and Calomel (reference)
electrodesintothecell. Insert combined glasselec-
trodeto notethe pH of themedium.

3. Useamagnetic bead stirrer to swirl thereacting
solutions.

4. Recordthegeady potentid (E) inmillivoltsand note
thepH of themedium.

5. Add 4N NaOH/ 1:1Ammonia solution drop by
drop till apaleblue precipitate (turbid) isformed.
Notethe potentia and pH.

6. Addtheweak acid (acetic/citric) drop by drop till
adefinitedesred pHismaintained.

7. Add5ml of 10% Kl solution. lodineisliberated.
Record the steady potential after 10-15 minutes.
Thisisthepotentia of the solution under the condi-
tions of reaction asexplained by equation (1) and
marked ask,.

8. Titraewithstandard Na,S,0,solutiontill theentire
solutionturnspaestraw yel low.

9. Add2ml of 5% NH,CNSfollowed by theaddition
of 1ml of freshly prepared starch. Thesolutionturns
bluish black.

10. Titratewith standard Na,S,0, solutiontill thesharp
disappearance of bluecolor. lodineis consumed

Hnalytical CHEMISTRY o

completely. Note the Volume standard Na,S,0,

solution consumed.

11. Record the steady potential,(E,) which accounts

for asgivenineguation (2).

Oneminor problem23 with thisparticulariodometric
titrationisthat copper(l) iodideformsaweak complex
with molecular iodinewhich dowsdownitsreaction
with thiosulfate. As a consequence of this, oncethe
starchindicator hasturned from blueto colorless, the
blue color returns after afew secondsas|, isslowly
released into the sol ution by the Cul-(1,) complex. This
“after-bluing” can be avoi ded by adding someammo-
nium thiocyanate, NH,SCN, just beforethe end point
isreached. The thiocyanate ion, SCN-, replaces the
complexed |, from Cul-(l,), releasing thel,, to solution
whereitsreaction withthiosulfateisrapid.

Cul-(l,) + SCN  (ag) = Cul-(SCN’ (aq) + 1, (aq)

Thedatafor the prepared seriesof copper sulphate
solutionsarerecorded and aregivenin TABLES 1- 8.
The steady potentidsin millivoltsarerecorded after the
addition of each reagent and the corresponding pH of
solutionsare dso noted using adigitd pH meter. Par-
ticularly, weareinterested inthe potentia difference
[E, E,].whichisrelatedtotheamount of iodineliber-
ated from an equivalent amount of copper presentin
the sample. Copper in copper salt can also be esti-
mated simultaneoudy in the same cell by iodometric
titration method. Thevolumeof standard Na,S,0,s0-
lution consumedisalsorecorded (TABLES 1-8).

RESULTSAND DISCUSSION

Copper(ll) ionsoxidiseiodideionstoiodine, andin
theprocessarethemsd vesreduced to copper (1) iodide.

reduction from oxidation state + to+ 1

2 -
2CU™" (ag) + 41" (ag) 2Cul(g + laaqy

I A

oxidation from oxidation state- 1 to0

(@) Thereaction of iodideionswith copper(l1) ions
Thisisthereactionthat liberatestheiodinefor titra-

fion:itis
2Cu? +2 e —>2Cu* E°=+0.15V
l,+2e">21 E°=+0.54V

2Cu? +41-— 2Cu*l-+1, EL=-039V ()

Au Tudian Yournal
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Thereactionisnot spontaneous-but it does occur,
and very quickly too.

Thevdueof E° canbeusedto givetheequilibrium
constant for thereaction, and it comesto around 107,
Thisisvery smdl, and indicateslittlereaction. But this
isunder standard conditions. Thefactor that makesthe
reductionreaction possibleisthefact that Cu*isnotin
solution at aconcentration of 1 mol dm2.

Copper(l) iodideisan extremely insoluble solid.
Theequilibrium constant for thereaction
Cu*(ag) +1-(ag)—> Cul (9
isaround 10, Thus as soon as any Cu* appears it
immediately precipitates, and thisissufficienttodrive
thereaction over to theright hand side. Indeeditisnot
hard to show that the equilibrium constant for the pro-
duction of solid copper(l) iodide as distinct from
copper(l) under standard conditionsisof the order of
10°. Thisreaction iscomplete by anyone’s standards,
and certainly iscompleteenough for thereactionto be
used inquantitativeanayss.

Thisisarapid, quantitativereactioninacidic solu-
tions, if thereisalargeexcessof iodideion present and
if the copper isintheform of asmpleionrather thana
complex one.

Theiodinethat isliberated can betitrated in the
usua manner with standard thiosul phate solution. The
reactioninvolving copper (I1) ionandiodidetakesplace
quantitatively sincethe copper (1) ionformed asresult
of thereductionisremoved from the solution asain-
soluble precipitate of copper (1) iodide.

—== Fyl] Peper
(b) Thereaction of sodium thiosulphatewithiodine

Theredox potentid of thetitration part of thereac-
tion of sodium thiosul phatewithiodineisasfollows
I,+2e =2~ E°=+0.54mv
S0, +2e—>250,%"; E°=+0.09mv

Theoverdl equationreaction by conventionis:
1,+25,0,2 - 21"+S 0% ; E°=+0.45mv @)

Thereactionisfeasibleunder standard conditions.

The weak acid (acetic or citric) is added to the
solutions of copper drop by drop till adefinitep”is

LS S
Figure1: Atwo-in-onecdl set up for potentiometric analy-
siswith magnetic bead stirrer

Potential, E,
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Molar concentration of copper colution
Figure2: Aplot of eady potentialsof copper solutionsVs
Molar concentration of copper for equation (1)

TABLE 1. Potential andtitrimetric datafor CuSO, solutionswith reagents(NaOH+CH_COOH)

0.1M 0.08M CuSO, 0.05M 0.04M 0.01M
CuSO,+ '+ NaOH + 0.06M CuSO,+ NaOH CuSO,+ CuSO,+ 0.02M CuSO,+ NaOH CuSO,+
Potential NaOH + CH.COOH + CH3COOH NaOH + NaOH + + CH3COOH NaOH +
Reagents in CH3;COOH 3 CH3;COOH CH3;COOH CH3;COOH
millivolts Potential Potentia Potential Potential Potential Potential
Pt in pH in pH in Pt in Pt in Pt in pH
millivolts millivolts millivolts millivolts millivolts millivolts
1 CuSO, 168 3.98 194 4.16 254 4.3 219 4.26 231 426 142 471 112 5.03
2 4N NaOH 131 4.7 175 175 515 205 4.94 195 513 137 593 172 108
3 1:1CH;COOH 139 3.96 177 3.85 218 4.0 215 4.01 220 4.05 - 4.0 45 39
4 1%";' 340 435 28 420 316 41 310 438 304 441 292 418 286 41
Addition
of NapS;03
5 till thedis- 205 5.12 185 4.26 166 4.4 156 4.6 146 425 128 425 120 43
appearance of
blue color (E,)
6 Ei- E 135 143 150 154 158 164 166
7 lodometri Vol ooz VOl na2s2os Vol naos2os Vol noosos VOl Nazsoos Vol naosoos V0lna2s203
ctitration =10.8ml =8.6ml =6.4ml =53ml =4.2ml =21ml =1.0ml
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Figure4: Aplot of potentials E,, E,and [[E,- E,] VsMolar
concentration of copper solution in the presenceof NaOH
and acetic acid reagentsat pH =4.0
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Figure5: A calibration plot of potentials, E,, E,and [E,-E,]
Vsvolumeof standard Na,S,0, consumed at the equiva-
lencepoint of titration

maintainedinacell set upasshowninfigurel.

E, representsthe steady redox potential for equa-
tion (1) under experimenta conditions(pH =4.0), which
isdueto thereaction of cupricionswithiodideliberat-
ingiodine (figure 2). Standard sodium thiosulphateis
used asatitrant; and thefreshly prepared starchisadded
whenthecolour of theiodinecontainingsolutionispae
straw yellow. When the blue color of the solution dis-
appeared a the equiva encepoint of titration, the steedy
potential isrecorded asE,(equation 2), infigure 3. Si-
multaneously, the volume of standard Na,S,0, run
down at the equivalence point of titrationisalso re-
corded. The experimental dataare collected for 1.0,
0.8, 0.06, 0.05, 0.04, 0.02 and 0.01 molar copper
sulphate solution series(Figures 4,5 and 6).

Theequation (3) clearly showsthedecrease of po-
tential, E, withthedecreaseof molar concentration of
copper ionsfor redox Cu?*/ Cu* couple.

2.303RT [Cu*]
El=E%u % /g, + lo
cu /ey oF g [Cu2+] ©)

Similarly, itisobserved that the steady potential,
E,, decreases with the decrease of |, content in solu-
tionsfor the above series. Theequation (4) illustrates
the behaviour of change of potentia withiodine con-
tent.

2.303RT [17]
T 9y 4
It isreasonableto understand that the difference of
thetwo steady potentialsE and E, that is; [E, - E ] for
aparticular concentration of copper ionsunder investi-
gation is related to the amount of I, liberated. The

E1=EC%2/—+

TABLE 2: Potential and titrimetric datafor CuSO, solutionswith reagents(NH,OH + CH ,COOH) at P*=4.0

0.1M CuSO,+ 0.08M CuSO4+ 0.06M CuSO,+ 0.05M CuSO,+ 0.04M CuSO,+ 0.02M CuSO4+ 0.01M CuSO,+
NH4OH + NH4OH + NH4OH + NH4OH + NH,OH + NH4OH + NH,OH +
Reagents CH;COOH CH3;COOH CH;COOH CH3;COOH CHsCOOH CH3;COOH CH;COOH
Potential Potential Potential Potential Potential Potential Potential
in pH in PH in pH in P+ in P+ in pH in pH
millivolts millivolts millivolts millivolts millivolts millivolts millivolts
1 CuSO, 181 3.93 184 4.03 207 4,05 201 431 195 414 191 4,58 126 4.90
2 1:1NH4OH 175 461 78 371 200 4,74 192 4.95 1881 4.89 177 5.3 121 7.78
3 1:1 CH3;COOH 178 3.87 79 3.9 201 3.97 198 3.97 190 3.97 181 3.97 136 4.02
4 (1230 Kl 343 4.19 333 43 322 437 317 4.33 311 4.46 300 4.25 294 45
Addition
of NapS;03
5 till thedis— 237 4.65 215 4.67 192 517 181 452 169 46 146 45 134 49
appearance of
blue color (E,)
6 E1-E 106 - 118 130 136 142 154 160
7 lodometric Vol nas0s Vol nasos Vol nas20s Vol nasos Vol nasos Vol nasos Vol na2sos
titration =10.6ml =8.1ml =6.2ml =5.2ml =4.2ml =2.0ml =1.0ml
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stochiometry involved intheiodometricreactionis
2molsof Cu*ions=2molesof Na,S,0,=1moleof I,

Theabove stochiometricreationshipisdepictedin
figures2and 3.

For the estimation of Cu?* ionsusing NaOH and
CH,COOH reagents, thefigure4 denoteslinear change
of potentials, E, (Equations 1) with molar concentra-
tion of copper ionsa adefinitepH=4.0. Smilarly, varia-
tion of potentials, E,(equation 2), and [E, - E,] with

—— Fyll Peper

molar concentration of copper solutionsand thevol-
umes of standard sodium thiosul phate consumed, are
showninthefigures4 and5.

The estimation of copper iscarried out using am-
moniaand acetic asreagents by maintaining adefinite
pH =4.0for al the prepared molar concentrations of
copper solutionsasgivenin TABLE 2. Both potentio-
metric anays sand thetitrimetric datawerecollectedin
TABLE 2. Thesteady potentials, E, (equation 1), E,
(equation 2) and [E, - E,] werealso plotted. Figure 6
depictsthevariation of potentia sfor equation (1),(2)
and [E, - E,]. TABLE 2 providestheinformationre-
garding theiodometric titration of the prepared solu-
tionsinthesamecell set up under theidentical condi-
tionsof investigation. Oneof thenotablefeaturesisthat
titrimetric volumes of standard Na,S,0, obtained for
thisseriesisdightly lower than observed when NaOH
and CH,COOH arereagents.

Thevariationsof the potentials (E,), (E,) and the
trend of changes of [E, - E,] for the series of copper
solutionsaredepictedinthefigure6.

Potentiometric andys sand theiodometrictitrations
werea so carried out for copper solutionsas prepared
aboveand theresultsobtained aretabulatedin TABLE
3and 4 using NaOH and NH,OH reagents; and finally,
acidified with adequate amount of citric acid drop by
dropto get the desired p™ of copper solutions. Though,
E,, E, and [E, - E] of these solutions (TABLE 3)
changelinearly for avery small pH range(2.0t0 2.5)
with changein molar concentration, thepotentia differ-
ence[E, - E]] and thetitrimetric volumesobserved are

TABLE 3: Potential and titrimetric datafor CuSO, solutionswith reagents(NaOH + citricacid) at P"=4.0

0.1M CuSO4+ 0.08M CuSO,4+ 0.06M CuSO4+ 0.05M CuSO4+ 0.04M CuSO4+ 0.02M CuSO,4+ 0.01M CuSO,4+

NaOH + citric NaOH + Citric NaOH + citric NaOH + NaOH + NaOH + NaOH +
Reagents acid acid acid citric acid citric acid citric acid citric acid
Potential Potential Potential Potential Potential Potential Potential
in pH in pH in pH in pH in pH in pH in pH
millivolts millivolts millivolts millivolts millivolts millivolts millivolts
1 CuSO, 188 3.78 221 3.83 223 3.97 213 4,07 224  4.06 217 4.36 145 49
2 4NaOH 186 4,50 219 457 218 4.66 209 4.68 221  4.68 211 499 130 5.4
3 4Ncitric acid 185 2.00 215 1.98 216 2.04 208 2.05 219 2.09 207 2.04 140 2.05
4 10% Kl (Ey) 340 3.31 330 2.3 320 2.38 314 241 308 24 296 2.38 290 2.36
Addition
of Na,S,05
5 till the dis- 185 3.2 193 3.16 201 3.18 205 3.31 207 3.13 214 3.18 220 2.79
appearance of
blue color(E,)
6 E;-E 155 137 119 109 101 82 70
|odometric Vol nas2os Vol nasoos Vol Nas2os Vol nas2os Vol nasoos Vol nasoos Vol Nas20s
titration =9.8ml =8.0ml =6.0ml =5.0ml =40ml =19ml =0.9ml
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TABLE 4: Potential and titrimetricdatafor CuSO, solutionswith reagents(NH,OH +citricacid)

0.1IM CuSO,+ 0.08M CuSO,+ 0.06M CuSO,+ 0.05M CuSO,+ 0.04M CuSO4+ 0.02M CuSO,;+ 0.01M CuSO,+
NH,OH + Citric NH4OH + Citric NH,OH + Citric NH,OH + NH,OH + NH,OH + NH,OH +
Reagents acid acid acid Citric acid Citric acid Citric acid Citric acid
Potential in Potential in Potential in Potential in Potential in Potential in Potential in
millivolts millivolts millivolts millivolts millivolts millivolts millivolts
CuSO, 188 3.78 221 3.83 223 3.97 213 4.07 224 4.06 217 4.36 145 49
1:1 NH,OH 186 4.50 219 457 218 4.66 209 4.68 221 4.68 211 4.99 130 54
4N citric acid 185 2.00 215 198 216 204 208 205 219 209 207 2.04 140 2.05
10% K1 (Ey) 339 331 330 23 319 2.38 315 241 310 24 301 2.38 295 2.36
Addition
of Na;S;03
till thedis- 221 32 218 3.16 212 3.18 210 331 208 3.13 203 3.18 200 2.79
appearance of
blue color (Ep)
E:-E 118 112 107 105 102 98 95
lodometric Vol nas2o3 Vol nasoo3 Vol nas2o3 Vol naso3 Vol nasoo3 Vol nasoo3 Vol nas203
titration =10.6 ml =8.4ml =6.3ml =53ml =43 ml =21ml =1.0ml
o 4o TABLES: lodo-potentiometricdataat different pH conditions
W as —JE-1J— . “ l for 0.1M copper sulphate-NaOH-Aceticacid
. MR
-Lg = .. e : ? T Redox Redox Redox Redox  Redox
g I potentials.potentials.potentials.potentials.potentials
EL | I
TR ' A e Z‘I Reagents (mvyat (mv)at (mv)at (mv)at (mv)at
W' ] AW | pH=2 pH=3 pH=4 pH=5 pH=6
= = 2 Eﬁ;T*‘ T B : CuSO, 213 210 168 230 231
= O T | 11
g : | |!_! L |_ : R NH,OH 39 207 131 219 217
o 4 J 02 4.4 ) oo i 3 LR 1:1 acetic
Molar concentration of copper colution acid 47 204 139 72 37
Figure8: Aplot of potentialsE. E, and [E. - E.] of copper 0
gures: A plot of p =, E,and [E, - E,] of copp 1%KL 240 340 338 209 200
solutionsvsM olar concentr ationsof copper solution (Ey)
Addition
o~ 400 of Na25203
1] ; . :
e a0 o NENEE lithedis o5 900 219 211 190
0 — e appearance
% e of blue
s e el e R color (E,)
L | | E.-E, 120 120 118 88 10
R 2 B lodometric Vol napspo3V Ol Nazs2o3 VO Nazs2o3V Ol Nazszo3V Ol Napszor
E e ] titration  10.8ml  10.8ml__ 10.7ml 7.0ml 0.30ml
g 3 2 4 : 5 to theformation of quite stableand unionized cupric
E
Different pH conditions citrateat pH < 2.5 conditions.

Figure9: Aplot of potentialsE, E,and [E, - E,] of copper
solutionsvsdifferent pH media conditions

quitelow indicating that quantitative estimation copper
arenot possiblefor pH<2.5. Intheinvestigation, ex-
perimenta determination of copper isconfinedto pH=
2.0for al copper solutions(TABLES 3and 4) and data
collected are not good for estimation, but still lower
than observed for other previous conditions. Figures 7
and 8 arelittleuniquein behaviour asregardsthechanges
of potentia [E,-E,] with different molar solutionsof
copper sat andisdifferent fromfigures5and 6.
Itisnoticeablethat the potentia difference[E - E)]
in these cases decreases with the decease of copper
concentrationswith addition of NaOH or anmoniare-
agentsacidifiedwith citricacid ; evidently, perhapsdue

Hnalytical CHEMISTRY o

The effect of pH for the estimation of copper is
aso sudied by varying the different buffer mixturesand
estimationisperformed at pH =2.0, 3.0, 4.0, 5.0 and
6.0 for one particular concentration, thatis, 0.10 molar
copper sulphate solution. The volume of sodium
thiosul phate consumed for thetitrationsat different pH
conditionsarealso recorded. Theseresultsare tabu-
lated inTABLES5-8. Itisclear that the potentialsE, ,
E, and[E, - E}] for the copper sulphate solutions do
remain congtant for aparticular rangeof pH valuesand
then,decreasesgradually at higher valuesof pH. Fig-
ures9-10illustratesthe variation potentia at different
pH conditionsfor potentiometric sudies.

Figure9Qindicatesclearly that al thethreeE , E,
and[E, - E]) potentiad dataare constant and thelines

Au Tudian Yournal
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arehorizontal between pH conditionsbetween 2.0and
4.0 and thereafter, higher sde of pH conditions, the po-
tentid valuesarefound to decreasegradudly toalower
value, for reasons.

Thisbehaviour istrueeveninthecaseof iodometric
titrevolumes of Standard Na,S,0, consumed for io-
dineliberated which remain the constant (TABLE 5)
between thesame pH range of investigation for the se-
riesand then, dropsto alesser values.

A point of remark that throwslight onthefactis
that free copper iong(Cu?) areavailablein solutionand
quantitativereduction of theseionsto Cu* ionsare pos-
siblewith addition of 10% K1 solution.

Thepossiblereactionissummerized as

Cu*+20H" —  Cu(OH), atpH <4 (5)
NaOH Paleblue
Cu(OH),»[Cu*]+CH,COO Na'+H,0 (6)

Freeions
at pH between 2.0 and 3.5.

Hence, quantitative estimation of copper in solu-
tionispossible, if thepHisrigidly fixed between 2 and
3.5.

If, for reasons, the pH < 4.0 for the copper solu-
tions, evidently, thereisthe possibility of theformation
of aquite stable Cu(OH), compound at these condi-
tions, and thus, theavailability of free copper ionsmay
belessinsolution resulting inlower estimated datafor
copper.

Theresults of the estimation of copper under dif-
ferent pH conditionswith anmoniaasreagent aregiven
inTABLEG®.

Figure1Oillustratesthat dl thethreeE , E, and[E,
- E}] potential dataare constant and thelinesare hori-
zonta between pH condition between 2.0and 3.0when
ammoniaand acetic acid isused asreagents; and there-
after, itisfound to decreasegradudlly toalower vaue,
for reasons. It can be pointed out that al thecupricions
areavailablefor estimation in solution for reduction as
Curionsliberating proportionateamount of iodine, which
isthentitrated with standard Sodium thiosul phate sol u-
tion (TABLEG).

At conditions, pH < 3.0, for these solutions, it can
be observed that Cu?* ionsinteract to form favorably
the complex ion, Cu(NH,), . Thenon-availability of
free Cu?*ionsresultinlower potentia data/ volumeof
standard Na,S,O,, whichislower than the expected

37
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TABLE 6: lodo- potentiometricdataat different pH conditions
for 0.1M copper sulphate-NH ,OH-aceticacid

Redox Redox Redox Redox Redox
Reagents potentials. potentials. potentials. potentials. potentials.
9 (myat (mv)at (mv)at (mv)at (mv)at
pH=2 pH=3 pH=4 pH=5 pH=6

CuSO, 183 194 181 187 183
1:1 NH4OH 181 188 175 190 183
LNedic g 187 178 101 136
10%KI (Ey) 340 340 335 300 251
Addition
of NapS;03
tllthedis 5y 220 215 211 190
appearance
of blue color
(E2)
E:-E 126 125 118 89 61
lodometric Vol na2seo3 VOl nazsooz VO Nezs203 VOl Nazs203 VOl Nazs203
titration 10.6ml 10.6ml 10.4ml 3.5ml 1.0ml
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o Different pH conditions

Figure10: Aplot of potentialsE, E,and [E, - E,] of copper
solutionsvsdifferent pH media conditions

vaues(TABLEG6).

The complexation reaction product under the con-
dition may bedescribed as:
Cu*+4NH_ <—> Cu(NH,),*

(Deep blue)

_ [Cu(NH,),"]
" [Cu™](NH, ]
where K, has higher value. Or the formation of copper acetate
isless probable.
2CuSO,5H,0+4NH,_+4CH ,COOH—
Cu,(OAC),(H,0),+2(NH,),S0,+8H,0 ®
(Copper acetatehydrated),
Blue

TABLE 8 gives potentiometric datafor copper salt
treated with NaOH and acidified with Citricacid. Itis
observed that the potentid, E; andE, of the copper so-
lution do not have constant pH range optionandisonly
confinedtopH =2.0. At pH < 2.0, it can be observed
that the potential sdecrease considerably indicating that
theinvolvement of free copper ionsin solutionisnot
thereat dl. Thisfactisclear that duringtheinvestigation

atpH<3.0 (7
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TABLE 7: lodo- potentiometricdataat different pH conditions  TABLE 8: lodo-potentiometricdataat different pH conditions

for 0.1M copper sulpate- NaOH- citricacid

for 0.1M copper sulphate-NH,OH-citricacid

Redox Redox Redox Redox Redox Redox Redox Redox Redox Redox
potentials. potentials. potentials. potentials. potentials. potentials. potentials. potentials. potentials. potentials.
Reagents (mv)at (mv)at (mv)at (mv)at (mv)at Reagents (mv)at (mv)at (mv)at (mv)at (mv)at
pH=2 pH=3 pH=4 pH=5 pH=6 pH=2 pH=3 pH=4 pH=5 pH=6
CuSO, 188 183 212 177 227
CuS0, 180 180 190 197 1:1 NH,OH 186 194 209 152 220
. 4N citric acid 185 192 205 149 221
1:1NaOH 143 167 176 121 10%KI (E) 340 336 315 272 217
e Addition
4N citric acid 150 170 171 135 of NaS,0s
10%KI 339 333 329 274 till the 210 210 205 198 185
(E1) disapperaence
Addition of of blue color
NapS,0xtill (E)
the E-E 130 126 110 74 32
disapperance 214 212 21 200 lodometric Vol Na2s203 Vol Na2S203 Vol Na2S203 Vol Na2S203 Vol Na2S20z
of blue color titration 9.8 ml 9.5ml 8.6 ml 3.4ml 0.3ml
(E) . i .
i NaOH and citric acid a different pH conditions.
Ei- E; 125 121 118 74 . .
. Thepotential change datafor copper sulphatewith
lodometric Vol Na2s203 Vol Na2s203 Vol Na2S203 Vol Na2S203 . fls e . .
titration 96m  94m  82m  18ml buffer mediaNH,OH and Citricacidisgivenin TABLE
. 8andfigure12illustratesgraphically thesimilar trend
EH 150 L indicating that only at pH =2.0 reasonabl e estimation of
S Ei [ 14T 2 . . . .
B ® 1] Ry copper ispossiblewith error. Therefore, itisobserved
N ez | | L] T that it not advisableto determine copper at higher pH
T | conditions because copper ionsexist asacitrate com-
B 10 e S plex.
g = Theerror inthe estimation of copper when treated
o & -

_ Differént pH_condit'ions - )
Figure11: Aplot of potentialsE, E,and [E, - E,] of copper
solutionsvsdiffernt pH media conditions
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Figure12: Aplot of potentialsE, E,and [E,- E,] of copper
solutionsvsdiffernt pH media conditions

prior to the measurements,the solution isobserved to
beturbid, opaque and pa e bluish even after acidifica-
tionto givefree copper ions. Titrimetric results cor-
roborate the abovefact and found that the volume of
standard standard Na,S,0, sol ution required at equivar
lence point islow. Figure 11 illustrates the potential
change behavior of copper solutionwith theaddition of

with NaOH/NH,OH and citric acid buffer isevidently
dueto theformation of the unionisable complex, Cu-
pric citrate. At pH< 4.0, thereactions may be
Cu? +20H"-— Cu(OH),
Cu?"+4NH,<—> [Cu(NH,) ] )

After acidificationwith citric acid, fewer number of
Cu? ionsareavailablein solution and theremaining
copper ionsareinvolvedintheformation citrate com-
plex asstated below
Cu# +Citricacid,(CA) >Cu(CA)at P*<2.0

Cupriccitrate

Possible pointsof error copper iniodometry:

(i) Addition of excesspotassumiodide,
2Cu? + 41 > Cu,l,+1,,and

(ii) Titration of iodinewith thiosulfate,

I, +250.2%—>2I"+S0.2

Precautionsmust betaken to avoid sidereactions.
For ingtance, iodinewill dowly oxidizetetrathionateto
sulfate, especidly at high pH values. At low pH sulfu-
rousacid may beformed by thiosulfate. Another source
of error instrong acid solutionisair oxidation of iodide:
O,+4H*+41">21,+2H,0

(10)
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TABLE9: Datafor copper in copper salts: Potentials E, (mV)
and volume (ml) of 0.232M Na,S,0, solution

Molar Volume of Molar
concentration . 0.232M .
Potentials, concentrations
of copper 0.232M .
E; of copper in the
sulphatetaken . Na,S,04
for the equation (1) solution . pr“@”t_
investigation mi Investigation
0.1 340 10.8 0.1000
0.09 334 9.8 0.0900
0.08 328 8.6 0.0798
0.07 322 75 0.0696
0.06 316 6.4 0.05%4
0.05 310 5.3 0.0492
0.04 304 4.2 0.0390
0.03 298 3.2 0.0297
0.02 292 2.1 0.0195
0.01 286 1.0 0.0093

1mV change of potential = 0.00166Molar of copper sulphate so-
lution or; 1mV change of potential = 0.183 ml of 0.232M NaS,0,

Wnhnaw ni 322mY ]

§ R it e B
PE3 L3 3k

-

21 G L3 Eed pa

Potential, E,

0.07M
111

(R R P T
CRC SRR R ]
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Molar concentration of copper colution
Figure 13: Acalibration plot of potential, E1,and themolar
concentarion of copper solution
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Figure14: A calibration plot of thevolume of standard
sodium thiosulphate consumed and themolar concentra-

tion of copper solutions
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Thisiscalled oxygen error.

Inthe present investigation of copper solutions, we
have not faced any problem regarding the above as-
pectsat the pH rangesreferred to, in each case study.
These sidereactions are avoided by carrying out the
copper estimation reactions preferably between pH
range 2.0 - 3.5.

Determination of copper concentration fromthe

—— Fyll Peper

present investigation:

Thedatacollected for copper estimation through
potentiometry andiodometrictitration usng NaOH and
CH,COOH asreagentsaregiveninthe TABLE 9for
referenceand compari sonAfter recording the potential
valuesE and E, and or [E, -E,] for theunknown cop-
per concentration solution, itispossbleto find out con-
centration of copper from calibration plot, figure 13,
for copper concentration series at pH = 4.0. Even,
potentials E, and [E,- E,] of copper solutions can be
similarly used to get the known concentration of cop-
per insolutions.

Fromfigure 14 it isclear that themolar concentra-
tion of the unknown can bedetermined , if you know
the volume of sodium thiosul phate consumed in
iodometrictitration.
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