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ABSTRACT

Thebasic principle used for the estimation of copper in brassisiodometry.
Many modifications were proposed to improve the results for quantitative
estimation of copper in brass. In the present investigation, prime impor-
tance is given to redox potentials of the analyte solution and the measure-
ments are carried out by iodo-potentiometric technique. All the potential
measurements are recorded at their respective concentrations and buffer
media. The out come of the investigation is that copper in brass can be
estimated effectively at pH between 2.0 and 3.5 using NaOH and CH,COOH.
A linear relationship is obtained for measured potentialsE,, E, and (E, - E))
when plotted against the molar concentration of copper or weight of brass
taken . The results are in conformity with the results of titrimetric data for
the weight of brass samples. Identical results are observed for these two
techniques. A calibration plot is obtained by plotting molar concentration
(M) of copper in salt and brass with their corresponding measured values
of potentials (E,) under the conditions of investigation. The determination
of molar concentration of copper isfeasiblefromthelinear plot graph, if the
potential (E,) of copper solutionisknown potentiometrically; and hence, its

KEYWORDS

Brass;
lodometry;
Redox;
Analyte;
Potential;
Titrimetric.

percentage. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

lodideion isastrong enough reducing agent that
many oxidizing agents can react completely with the
iodideionresultinginmany useful iodometric processes.
Theusua procedureinvolvestheaddition of an excess
of iodideionto the oxidizing agent and yte which pro-
ducesiodine, which can betitrated with standard so-
dium thiosulfate solution. Theiodine-thiosulfate reac-
tionisquitefast and theequilibriumisfar to the product
gde.

Thebasic reaction in the determination of copper
in brassusing theiodometric method™¥ isrepresented
by the equation:
2Cu* +41-— 2Cul(s) +1,

Thisisarapid, quantitativereactioninacidic solu-
tions(pH =2.0- 3.5), if thereisalarge excessof io-
dideion present and if the copper isintheform of a
simpleion rather than acomplex one.

The latter can be titrated with standard sodium
thiosul phate. The method has, however, certain diffi-
culties*Iwhicharefamiliar tothosewho haveused the
method, and which limit itsaccuracy. Thereactionin-
volving cupricionandiodidetakes place quantitatively
sincethe Cu* ionformed asresult of thereductionis
removed from the sol ution asaprecipitate of cuprous
iodide. Thereactioninvolving copper (1) ionandio-
didetakesplace quantitatively sincethe copper (1) ion
formed asresult of thereductionisremoved fromthe
solution asainsol ubl e precipitate of copper (1) iodide.
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Copper (1) iodideisunstable sincetheiodidereduces
Cu? to Cu*. Themethod is, however, widely used on
account of itsspeed but hardly to be classed in accu-
racy.
Theamount of iodineliberated in the reaction be-
tweeniodideion and an oxidizing agent isameasure of
the quantity of oxidizing agent origindly presentinthe
solution. Theamount of standard sodium thiosulfate
solution required totitratetheliberated iodineisthen
equivalent to theamount of oxidizing agent. Thereac-
tion betweeniodineand thethiosulfateionis:
1,+2502% <2I"+S02
Asuasua™3, thereaction proceeds quantitatively
inacidicsolutions(pH =2.0- 3.5). Instrongly alkaline
(pH >4.0) or acidic solutions(pH< 2.0) the oxidation
of thethiosulfate doesnot proceed by asinglereaction.
Intheformer, thethiosulfateionisoxidizedto sulfateas
well astothetetra-thionate. Inthelatter, the thiosulfu-
ric acid formed undergoesan internal oxidation-reduc-
tion reaction to sulfurous acid and sulfur. Both of these
reactionslead to errors since the stoichiometry of the
reactionsdiffersfrom that shown abovefor thethiosul-
fate asareducing agent. The control of pH isclearly
important. Inmany casestheliberatediodineistitrated
inthemildly acidic solution employed for thereaction
of astrong oxidizing agent andiodideion. Inthese cases
thetitration of theliberated iodine must be completed
quickly in order to iminate undue exposureto the at-
mosphere since an acid medium constitutes an opti-
mum conditionfor aimospheric oxidation of theexcess
iodide ion. The control of pH of copper solutionis,
therefore, clearly important.
A cursory survey of literatureregarding theestima-
tion of copper indicated that estimation based on the
redox potentidsof theana yte using potentiometrictech-
niqueisnot availablefor reference.
It isevident, sometimes, that certain difficulties*®
ariseintheestimation of copper in satsand brass; and
theattributed causemay be dueto any of thefollowing:
I. theformation of anintermediate product of com-
plexation during the reaction with thereagentsand
may dso

Il. duetothevariable pH conditions of the medium,
for reasons.

Dueto these, the reduction of Cu?* to Cu*isnot
quantitative. Hence, wehave confined theinvestigation
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topH =2.0-3.5to minimizethesidereactions.

Thishas prompted usto investigate/estimate the
amount of copper present in asamplethrough redox
potential measurementsus ng potentiometrictechnique
of analysis; and d so corroborating thisresultss multa
neoudy withtitrimetric method of andyssmaintaininga
constant pH condition of the medium . We have at-
tempted to correl ate, logicaly, both of theseresultssuc-
cesstully.

EXPERIMENTAL

(i) Cell set up for potentiometricinvestigation

Potentiometry isanimportant tool used for quanti-
tative analysis in analytical chemistry. In redox
potentiometry, potential of anindicator electrodein
equilibrium with redox ionsto be determined ismea:
sured. Such redox titrationsinvolvethetransfer of eec-
tronsfrom the substance being oxidized to thesubstance
being reduced.

Oxidized form + n éectrons=reduced form

For suchreaction, the potential (E) acquired by the
indicator dectrodeat 25°C isgiven by
E =E°+0.0591 log[ox]

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.

Theelectrochemical cell set up desiredfor thein-
vestigationis
Hg/Hg,Cl, /K Cl (Sat?) // Redox analyte/Pt
(referenceelectrode) (Indicator electrode)

Therefore, E, , =E_, +0.2422volts

? “Indi

Where, E , isasaturated calomel electrode of constant poten-
tial, 0.2422 Voltsat 25°C. The potentials (E, and E,) of copper

solutions are not measured under standard conditions.
(i) Procedure

In order to ascertain best conditions needed for
guantitative precipitation of copper ascuprousiodide
in brass, we have carried out the experiments at defi-
nitebuffer mediareagentsand pH conditions’. Thestock
solutions of copper in brassis prepared by taking dif-
ferent weightsof brass. Thepotentid (E) measurements
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of copper solutions are taken with the requisite addi-
tion of thefollowing reagents:.
(8 4N NaOH
(b) L:1Aceicacid
(c) StandardNa,S,O, solution
(d) Freshly prepared Starch
(e) 5% NH,CNSsolution.

The copper solutions aretreated with NaOH and
CH_,COOH as reagents to maintain a definite pH of
20-35.

(iii) Dissolution of thebrasssample

Thedissolution of each brasssampleisachieved
through thefollowing procedure:

I. Weigh0.02t00.3g of clean and dry brasssamples.
Takeeach sampleina250 ml conical flask and la-
bel theflasks.

Il. Add 6-8 dropsof concentrated HNO, intoiit. Vig-
orousreactiontakes placegiving cupric nitrateand
liberates oxides of nitrogenisanundesirable prod-
uct.

[11.Add 15ml of distilled water and boil thesolutionin
ahot plate.

IVV.Add about 2g of ures; boil for few minutesto expel
of thebrownfumesof NO,, whichisan undesirable
product.

Wash the sidesof the conical flask with about 10 ml of

distilled water and the cool the copper solutiontolabo-

ratory temperature. Thisisthe solution containing cer-
tain molar concentration of Cu?*ions.

(iv) Potentiometricand iodometricdataanalysis

The potentiometric and volumetrictitrationsof the
different copper solutionsfrom brasssamplesarecar-
ried out intwo-in-onecell asshown (figure 1) main-
taining different PH conditions.

1. Pipetteout 25ml of theabovecopper solutioninto

R .
Figurel: Atwoin onecell set up for potentiometric and
titrimetricanalysis

Hnalytical CHEMISTRY o

thecdll.

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

3. Useamagnetic bead stirrer to swirl thereacting
solutions.

4. Recordtheoverdl potentia (E) inmillivoltsand note
thepH of themedium.

5. Add 4N NaOH solution drop by drop till apale
blue precipitate [Cu(OH),)]is formed. Note the
potentia and pH.

6. Addaceticaciddrop by droptill adefinitedesired
pH (2.0t0 3.5) isobtained.

7. Add5ml of 10% Kl solution. lodineisliberated.
Record the steady potential after 10-15 minutes.
Thisisthepotentia of the solution under thecondi-
tionsof reaction of equation (1) and noteasE..

8. Titratewith standard Na,S,0, solutiontill theen-
tiresolutionturnspale straw yellow.

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

10. Titratewith standard Na,S,O, solutiontill thesharp
disappearance of bluecolor. lodineis consumed
completely. Note the Volume standard Na,S,0,
solution consumed.

11. Recordtheoveradl potential,(E,) which accounts
for thereaction of equation (2).

The potentials (mV) of copper solutions arere-
corded after the addition of each reagent. The corre-
sponding pH of solutionsareaso noted usingadigita
pH meter. Particularly, thepotentid difference(E, - E]
isof primeimportance,sinceit isrelated to the amount
of iodineliberated from an equivalent amount of cop-
per present in the sample. The dataobtained for cop-
per in brass solutions are recorded in TABLES 1-2.
Cupricionsin brass solutions can al so be estimated
simultaneoudly inthe sametwo-in-cell by iodometric
titration method. Thetitrimetric volumes of standard
Na,S,0, solution consumed in each caseareaso re-
corded (TABLES1and 2).

RESULTSAND DISCUSSION

Upon addition of excessiodide to a solution of
Cu(ll), aprecipitate of Cul isformed alongwith .,

Au Tudian Yournal
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TABLE 1: Potentiometricand titrimetric data of copper in brass

Weight of Brass Weight of Brass

Weight of Brass Weight of Brass Weight of Brass

s =0.052g =0.064 =0.102g =0.143 g =0.157g
no. Potential Potential Potential Potential Potential
Reagents | millivolts In millivolts In millivolts In millivolts In millivolts P™
1 Cuso, 204 0.13 177 0.2 226 0.19 233 0.50 230 015
2 4N NaOH 191 5.37 167 5.03 215 4.48 206 4.4 210 4.4
3 1:1CHCOOH 200 3.87 178 3.94 212 3.63 219 45 218 38
4 10%KI (E,) 293 3.97 296 4.22 307 3.92 315 38 318 4.09
Addition of
5 NaSOstill the 194 4.04 195 43 197 41 200 437 201 432
disappearance
of blue color (E)
6 E -E, 99 101 110 115 49 117

7 lodometrictitration Vol Na,S,0;=2.2 ml Vol Na,S,0;=2.8 ml Vol Na,S,0:= 4.3ml Vol Na,S,0;= 6.1ml Vol Na,S,05= 6.6 ml

TABLE 2: Potentiometricand titrimetric data of copper in brass

Weight of Brass Weight of Brass

Weight of Brass Weight of Brass Weight of Brass

Sr. =0.2009g =0.207g =0.255¢g =0.302g =0.311¢g
no. Reagents Pot_en_tiaJ pH Pot_en_tiaJ pH Pot_en_tiaJ pH Pot_en_tiaJ pH Pot_ential pH
In millivolts In millivolts In millivolts In millivolts In millivolts

1 CusO, 213 0.47 213 0.45 220 0.05 207 0.28 217 0.20

2 4N NaOH 147 4,28 212 4,30 209 4.05 176 407 185 3.8

3 1:1CH;COOH 176 3.77 212 3.2 211 37 197 33 194 33

4 10%KI (Ey) 327 4,08 329 3.75 338 41 347 3.66 352 41
Addition of

5 Na252031ill the 204 436 205 42 208 45 211 4.05 212 45
disappearance
of blue color (E)

6 E;-E, 123 124 130 136 140

7 lodometric titration Vol Na,S,0:=2.2 ml Vol NaS,0;= 2.8 ml Vol Na&S,05= 4.3ml Vol Na,S,0:= 6.1ml Vol Na,S,0,= 6.6 ml

Thecopper(ll) ionsoxidiseiodideionstoiodine,
and inthe process are themsel vesreduced to copper(l)
iodide.
2Cu* (aq) + 4l (ag) = 2Cul (s) + 1 (aq)

(a)Thereaction of iodideionswith copper (1) ions

Thisisthereactionthat liberatestheiodinefor titra-

tion:itis

2Cu* +2e- = 2Cu* EO=+0.15V

I,+2e- - 21" EO=+0.54V

2Cu+4I — 2Cul +1,  E,0=039V )

Thepotentia dataindicatesthat that thereactionis
not spontaneous-but it does occur, and very quickly
too. Thevaueof E° can beused to givetheequilibrium
constant for thereaction, and it comesto around 107,
Thisisvery smdl, andindicateslittlereaction. But this
isunder standard conditions. Thefactor that makesthe
reduction reaction possibleisthefact that Cu*isnotin
solution at aconcentration of 1 mol dm3.

Copper(1) iodideisan extremely insoluble solid.
Theequilibrium congtant for thereaction

Cu*(ag) +1-(ag) —> Cul (9
isaround 10, Thus as soon as any Cu* appears it

immediately precipitates, and thisissufficient todrive
thereaction over to theright hand side. Indeed itisnot
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°. Thisreactioniscomplete by anyone’s standards,
and certainly iscomplete enough for thereactionto be
used inquantitativeandysis.

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

(b) Thereaction of sodium thiosulphatewithiodine

Theredox potentid of thetitration part of thereac-
tion of sodium thiosulphatewithiodineisasfollows:
I,+2e —2l"; E°=+0.54 Volts
S,0,%+2e— 250,%; E°=+0.09 Volts

Theoverdl equationreaction by conventionis:
|,+28,0,2521-+8,0,%; E.°=+0.45mv @)

Thereactionisfeasibleunder sandard conditions.

—— a%a['yttaa[’ CHEMISTRY
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TABLE 3: Estimated percentage of copper in brassby iodo-potentiometric and titrimetric methods

lodo - potentiometric data for copper in brass

lodometric analysis data for copper in brass

Weight of

brass taken Potentio- Calculated molar Per centage of Volume of Calculated molar Per centage of
o metric concentration of copper, M copper in  0.232M Na,S,03; concentration of -
g E; (mV) (TABLE 4) by graph brass Solution,ml copper, M copper in brass
1 0.052 293 0.0204 62.32 21 0.0195 60.00
2 0.064 296 0.0250 62.05 2.7 0.0251 62.20
3 0.102 307 0.041 63.80 4.3 0.0399 62.14
4 0.143 315 0.057 62.80 6.1 0.0566 62.87
5 0.157 318 0.062 62.73 6.6 0.0612 61.87
6 0.200 327 0.078 61.95 8.5 0.0788 62.65
7 0.207 329 0.082 62.9 8.8 0.0817 62.66
8 0.255 338 0.098 61.00 10.7 0.0993 61.85
9 0.302 347 0.120 63.12 12.6 0.117 63.3
10 0.311 352 0.124 63.30 13.2 0.123 62.43
e i — TABLE 4: Potentiometricand titrimetric datafor copper in
LI,JN 15 | [ [ copper sulphat€®
Wi 2o LIS B il B4 1] - -
- P P Molar concelnttr_atlolr\w/ls of Potlerj['gals,fEl of_f[:oppﬁr
g8 < e ] copper solution, solutions from its sal
u < AREREINENRERE it 0 282 (intercept )
TR X _+, e e 0.01 286
T 5 MR T 0.02 292
= e 0.03 298
b 01 02 0.3 0.04 304
Weight of brasstaken 0.05 310
Figure2: Aplot of potentials, E,, E,and E, - E, of copper 0.06 316
solutionsVsWeight of brasssamplestaken 0.07 322
0.08 328
It has been found that iodineisadsorbed onto the 0.09 334
0.1 340

surface of the copper(1) iodide precipitateand must be
displacedto obtain correct results. NH,CNSisusually
added just beforethe end point isreached to displace
theadsorbed iodine.

ThepH of the copper solutionismaintained at con-
stant by adding requisite amount acetic acid drop by
dropinacel set upasshowninthefigurel.Theoveral
potentia E, ,recorded for equation (1) under experimen-
tal conditions(pH =4.00) representsthereaction of cu-
pricionswithiodideliberatingiodine (figure 2),while
potentia contribution, if any, other than duetothere-
action stated in equation 1, remainsthe sameand the
contribution may be minimum without causing any er-
ror for theinvestigation for copper solutions obtained
from brass. Equation 2 representsthe redox reaction
between the liberated iodine and standard sodium
thiosulphate; theoveral potentia (E,) established after
the complete consumption of iodine a theend point of
titration.

In the two—in-one cell set up (Figure 1) one can
easily note boththe potentias (E,and E,) and also the
volume of standard Na,S,0, run down at the equiva-
lencepoint of titration. Theexperimental datafor dif-

1 mV change of potential = 0.0018M

ferent weightsof brassarenotedin TABLES 1-4.

The decrease of potentials with the decrease of
brass weights can be accounted due to decreasing
amount of copper ionspresent in the copper solution
for redox Cu?*/ Cu* couple (equation 3).

El=E°c,*"/Cu™ + 2'30F3RT log [;:’; ] ©)

Similarly, itisobserved that the steady potential,
E,, decreaseswith the decrease of |, whichinturn de-
pends on copper solutions containing different weights
of brass. Theequation (4) illustratesthe behaviour of
decrease of potentid withiodinecontentin solution af-
ter theaddition of KI.

(171

2.303RT
= Iogm (4)
Itisreasonableto understand that the difference of
thetwo overall potentiasE,and E,, (equations 1 and
2); that is, [E, - E}] for a particular concentration of
copper ionsunder the conditionsof investigationisre-
|atedtotheamount of |, liberated. Thusthestochiometry

E1=E°,/,—+

Hnalytical CHEMISTRY o
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Figure4: Alinear plot of potentialS(E,) of copper in brass
VsWeight of brasstaken (TABLE 5) for investigation

I Esis e 1] S

Potential, E,

LR E 1
D Ay

Weight of brasstaken
Figure5: Deter mination of weight of br assfrom unknown
potential E, of copper solution of brass

' T
K= Z00m = B
= E O !f_'_,_
§ e L1
DC'J = i &+ | %153
Weight of brasstaken

Figure6 : Deter mination of weight of brassfrom unknown
potential,E, of copper solution of brass

involvedintheiodometricreactionis

2molsof Cu* ions=2molesof Na,S,0,

=1moleof |,=[E, -E,)] (5)
Figure 2 showsthelinear variation of the poten-

tials, E,, which can be accounted dueto theincreased

molar concentration of copper ionsin the prepared so-

lutions. Similar behaviour of linear increasein the po-

tential valuesareobserved for E, and[E, —E] (figure

—— Fyll Peper

2) of brasssolutionswith theincreasein brassweight
or copper content in solution.

Thedatagivenin TABLE 1 -2 and theanalysisof
figure 2 dearly supportsthe stoichiometry (equation 5);
which hintsaquantitative relationship with the number
of molesiodineliberated for stoichiometric moles of
copper presentinsolution and inturn; isequal to[E, -
E,]. Hencg, [E, - E ] dataisuseful tofind out theamount
of copper present in the brass solution sample. Since,
the stoichiometry of equation (5) holdsgood, any one
of the potential values (E, or E, or [E, -E,] may be
takento determinemolar concentration of copper graphi-
caly. Themolar concentration of copper inbrassisaso
obta ned from the volumes of standard thiosul phate con-
sumed at the end point of iodometrictitration for the
stoi chiometri c equiva ent amount of copper ions. The
resultsobta ned from both of thesetechniquesareiden-
ticd.

During theinvestigation process, different weights
of brasssamplesaretaken (second columnof TABLE
3) for estimation of copper and their respective poten-
tials E, and molar concentrations (M) copper in brass
arefound out by both iodo-potentiometricand titrimet-
ric methods. It can be remarked that the percentage of
copper present in brass samples are nearly identical
from both thesetechniques. Therefore, iodo-potentio-
metric techniqueisauseful tool to analyse copper in
brass.

Theoverdl potentia dataE, (equation 1) of copper
solutionsin brass (TABLE 3) and alsothe E, datare-
ported (TABLE 4) for copper in copper sulphate solu-
tionsinearlier communication® hasvery closes milarity.

Surprisingly, al thesepotentias (E,) detafdl inline
when plotted with thetheir molar concentrationsof cop-
per (Figure9). Onanaysis, anaytica dataindicated
that ImV change of potentia (E,) = 0.0018M of cop-
per ionsin solution. Based on thisconcept, the molar
concent-rationsof copper in brassfor different weights
arecdculated, sinceitisfoundto vary linearly with the
potential,E, vaues. Thegraph obtainedislinear (figure
4) when potentia S(E,) of copper in brassis plotted
against theweight of brass samplestaken.Thelinear
plot of graph(figure 3) indicate that any val ue out of
thesethreeis; E, E, or (E,_E,) may betakento deter-
minetheweight of brassor molar concentration of cop-
per inbrass. Thiscan beillustrated infigures5-7.

—— a%a['yttaa[’ CHEMISTRY
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However,the prime importance is given for the
quantitative rel ationshi p between themolar concentra-
tion of copper in brass than the weight of brassdis-
solved with their corresponding potential values. This
has prompted usto plot molar concentration of copper
in brass solution (TABLE 3, column 4) against the
potentials,E,, under the conditions of investigation
(figure8).

Determination of molar concentration of copper in
brass solution and percentage.

e I
T 115 mv =

E1-EZ

a.14.]
= g

Potential, E -E,

Weight of brasstaken
Figure7: Deter mination of weight of brassfrom unknown
potential, (E,-E,) of copper solution of brass

21 2mV

PR

Potential, E -E,

00368 M
PR S

Molar concentration of copper in brass
Figure8: Determination of molar concentration of copper
solution of brassfrom knowing the potential E, of copper
solution of brass

Theprocedureto befollowedisasgiven
1. Dissolvethebrasssamplesand collect theiodo-

potentiometric and titrimetrictitration dataas de-

scribed elsewhere and find out potential change,
1mV = molar concentration of copper solutions

(TABLEA4) or notethed opeof linear plot obtained

fromthedataof TABLE 4.

2. Plot graphsasstated:

(i) Potentids (E,) Vsmolar concentration of copperin

brasssamples.

(ii) Potentids (E,) VsVolumeof standard thiosulphate

consumed of copper in brasssamples.

Dissolveapiece of brass(knownweight) asusua
and noteits potential (E,) and dso find out thevolume
of standard thiosulphate (V ml) needed at theend point
of titration.

4. Find out themolar concentration(M) of copperin
brass for specific weighed sample from graph
(Figure 9) and report its percentage.

5. Crosscheck theresultswith themolar concentra-
tion and percentage obtained from titrimetric pro-
cedure.

Itisclear fromfigure9that the potentials, E, in-
creaseslinearly with theincrease of molar concentra-
tion of copper in salt and brassfor the solutions pre-
pared under the conditionsof thisinvestigation. Weigh
any brasssample and subjected it to the measurements
of thekindreferred tointhe present investigation and it
Ispossibleto report themolar concentration of copper

014

v
H
H

FL] | | t——

I-
|3

~} ~4—1

i
| CAE]

TE
|

aakin |

ol i 1 i 6 e 1o s
|| |

Potential, E, of copper in copper salt
solution and brass

Mk sy gl 1 BT

1 T T

M olar conc-e-ntration o-f"copper in-(‘;bpper salt-solution an-d-brass
Figure9: Aplot of molar concentr ation of copper in salt and brasssamplesVsmeasured potentials, E, (equation 1)
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TABLE5: Dataindicating the per centage of copper in brassfor different weightsof brasssamples

lodo-potentiometric analysis lodometric titration
S Weight of Molar concentration of Estimated Volume of Molar Estimated
n c') brass Potentials, copper estimated (M) percentage of 0.232M concentration of percentage of
sample E:(mV) 1mV change=0.00180M  copper in Na,S;0; copper estimated  copper in
taken (@) (TABLE 4) brass sample Solution, ml (M) brass sample
282 (At the
intercept
0.0 point in the 0 - 0 0 i
graph)
1 0.0091 284 0.0036 62.90 0.38 0.0035 61.56
2 0.0181 286 0.0072 62.84 0.76 0.0071 61.43
3 0.0272 288 0.0108 63.08 114 0.0105 61.32
4  0.0363 290 0.0144 63.00 1.52 0.0144 63.00
5 0.0454 292 0.0180 62.98 1.90 0.0176 61.58
# 0.052 293 0.0204 62.32 2.1 0.0195 60.00
6 0.0544 294 0.0216 63.07 2.28 0.0211 61.61
# 0.064 296 0.0252 62.50 2.7 0.0251 62.30
7 0.073 298 0.0288 62.66 3.04 0.0281 61.15
8 0.082 300 0.0324 62.76 3.42 0.0317 61.41
9 0.091 302 0.0360 62.84 3.8 0.0353 61.62
10 0.100 304 0.0396 62.90 4.18 0.0385 61.15
# 0.102 307 0.041 63.80 4.3 0.0399 62.14
11  0.109 306 0.0432 62.96 4.56 0.0423 62.66
12 0.118 308 0.0468 63.00 4.94 0.0458 61.65
13 0.127 310 0.0504 63.07 5.32 0.0493 61.66
14 0.136 312 0.0540 63.0 5.7 0.0529 61.79
15 0.143 314 0.0576 63.98 6.08 0.0564 62.65
16  0.152 316 0.0612 63.96 6.46 0.0601 62.80
# 0.157 318 0.062 62.73 6.6 0.0612 61.87
17  0.161 318 0.0648 63.93 6.84 0.0635 62.65
18 0.170 320 0.0684 63.91 7.22 0.0671 62.70
19 0.179 322 0.0720 63.89 7.6 0.0705 62.56
20 0.188 324 0.0756 63.87 7.98 0.0741 62.61
21 0.197 326 0.0792 63.86 8.36 0.0776 62.57
# 0.200 327 0.078 61.95 8.5 0.0788 62.65
# 0.207 328 0.0828 63.50 8.74 0.0811 62.24
22 0.216 330 0.0864 63.54 9.12 0.0846 61.78
23 0.225 332 0.0900 63.54 9.5 0.0882 62.27
24 0.234 334 0.0936 63.43 9.88 0.0917 62.25
25 0.243 336 0.0972 63.54 10.26 0.0952 62.23
26  0.252 338 0.1008 63.54 10.64 0.0987 62,22
# 0.255 338 0.098 61.00 10.7 0.0993 61.85
27 0.261 340 0.1044 63.54 11.02 0.1023 62.26
28 0.270 342 0.1080 63.54 11.40 0.1058 62.24
29 0.279 344 0.1116 63.54 11.78 0.1093 62.23
30 0.288 346 0.1152 63.54 12.16 0.1129 62.27
31 0.297 348 0.1188 63.54 12.54 0.1164 62.26
#  0.302* 347 0.120 63.12 12.6 0.117 63.3
32 0.305 350 0.1224 63.75 12.98 0.1205 62.76
# 0.311* 352 0.124 63.30 13.2 0.123 62.43
33 0314 352 0.1260 63.74 13.30 0.1234 62.42
34 0321 354 0.1296 62.35 13.68 0.1270 62.85
LmV change of potential = 0.00180M . Note: M arked # Weight of brass taken (TABLE 3) for actual analysis
inbrasssolution(for 25 ml) fromthe measured E, vaue The percentage of copper in brass(dissolved in
for theweight brasstaken, asshowninfigure9. 25ml) can bedetermined thus,
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Full Peper ——

Per centageof copper in brass= 0.021M x 6354x 100 _ 61.35

40x 0.0544g

[1]
[2]
[3]
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