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FOREWORD

Vice-Chancellor,

Acharya Nagarjuna University,since itsestablishment in 1976, has beenmoving
ahead in the path of academic excellence, offering a variety of courses and research
contributions. The University achieved recognition as one of the eminent universities
in the country by gaining 'A'grade from the NAAC2016.At presentAcharya Nagarjuna
University is offering educational opportunities at the UG,PG levels to students of 447
affiliated colleges spread over the two districts of Guntur and Prakasam.

The University had started the Centre for Distance Education in 2003-04 with
the aim to bring Highereducation within the reachof all. The Centre has been extending
services to those who cannot join ln colleges, cannot-afford the exorbitant fees as
regular students, and to housewives desirous of pursuing higher studies to study B.A.,
B.Com, and B.Sc., Courses at the Degree level and M.A., M.Com~,M.Sc, M.B.A. and
LLM. courses at the PG level.

For better understanding by students, self-instruction materials have been
prepared by eminent and experienced teachers. The lessons have been preparedwith
careandexpertise. Howeverconstructive ideasand scholarly suggestions arewelcome
from students and teachers. Such ideas will be incorporated for the greater efficacy of
thedistancemodeof education. Forclarificationof doubtsand feedback,Weekly classes
and contact classes are arranged at UG and PG levels respectively.

I wish the students who pursue higher education through Centre for Distance.
Education will not only be personally benefited by improving their qualifications but
.also strive for nation's growth by being a member in Knowledge society I hope that in
the yearsto come, the Centre for DistanceEducationwill grow in strength by introducing
newcourses, catering to the needs of people. I congratulate all the Directors,Academic
coordinators, Editors, Lesson - Writers, andAcademic Counsellors and Non-teaching
staff of the Centre who have been extending their services inthese endeavours.

• •

Prof. P. Rajasekhar, M.A.. M.Phil., Ph.D.

Acharya Nagarj~na University



M.Sc Chemistry (lInd year)
PRACTICAL-I

INORGANIC, OR(;ANIC, ENVIRONMENTAL CHEMICAL ANALYSIS

1.· Analysis of synthetic mixture of copper&Nickel in live of an alloy.
Copper by volumetry
Nickel by Gravimetry

2. Analysis of Tin & Lead from solder.
3. Quantitative Estimation of Glucose.
4. QuantitativeEstimation ofAniline.
5. Quantitative Estimation of phenol .
6. Determination of Dissolved oxygen inWater.

C)

PRACTICAL-II
INSTUMENTALMETHODS FORANALYSIS

1. Estimation of Iron using Thiocyanate Colorimetrically
2. Estimation ofManganese (II) by periodate oxidation colorimetrically
3. Estimation ofVanadium and permanganate by Potentiometric Titration.
4. Estimation of Chloride and Lodide by Potentiometric Titration.
5. Estimation of mixture of strong acid and Weak acid with Strong base.
6. PH metric estimation of an Organic acid.

Equipment and items required for Instrumental Analysis

1. Potentiometers 3
2. Colorimeters 2
3. Conductometers 3
4. P'' meters 3
5. Platinum electrodes 2
I

6. Silver electrodes 2
7. Reference electrodes like

Calomel electrode 4
8. Salt bridges 6
9. Magnetic stirrers 4



M.Sc CJIEMISTitY (Final)
(DISTANCE EDUCATION ~ENTRE -ACHARY A NAGARJUNA UNIVERSITY)

o

",CONTENTS
Page

Number
PRACTICAL - I

INORGANIC, ORGANIC, ENVIRONMENTAL
CHEMICAL ANALYSIS

Unit I

1. Quantitative estimation of glucose.

2. Quantitative estimation of aniline.

3. Quantitative estimation of phenol.

Unitll

1. Analysis of synthetic mixture of copper and nickel.

2. Analysis oftin and lead from solder,

3. Determination of dissolved oxygen in water,

l.1

1.4

1.10

.~':.

2.1

2.7

2.10

, PRACTICAL - II
INSTRUMENT.f\L METHODS OF ANALYSIS

Unit III
e

; 1. Estimation of iron using thiocyanate colorimetrically,.,

, 2. Estimation of Mn(II) by periodate oxidation colorimetrically.
3.1

3.6
3.12

o ,

3. Estimation of manganese(VII) and vanadium/V) by
potentiometric titration.

Unit IV

1. Estimation of chloride and iodide by potentiometric titration.
\

, 2. Estimation of mixture of strong acid and weak acid with
strong base conductomctrically.

3. Estimation of an organic acid by pH mctry.

4.1
4.9

4.15

Note: The student is expected to practice all the experiments. However the
experiment-S in Unit-Il and experiment-S in Unit-It/ are not meant for
examination. The examination shall be conducted in both the practicals for a,
durationof six hours each and against maximummarks of 100 each. I



PRACTICAL - I
(INORGANIC, ORGANIC,

ENVIRONMENTAL CHEMICAL ANALYSIS)
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3. Quantitative estimation of phenol.
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1. Analysis of synthetic mixture of copper and nickel.

2. Analysis of tin and lead from solder.

3. Determination of dissolved oxygen in water.
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UNIT

~

QUANTITATIVE ESTIMATION
OF GLUCOSE--

Experiment

AIM: To determine the amount of glucose present in the given solution.

APPARATUS: Burette (50ml), pipettes (5ri11)- 2, volumetric flasks (500ml) - 2, conical flasks

CHEMICALS REQUIRED: Glucose, copper sulphate pentahydrate, sodium potassium tartrate
(Rochelle salt), sodium hydroxide, methylene blue indicator.

PRINCIPLE:
Alkaline solutions of copper salts, e.g., Fehling's solutions, are reduced by aldose sugars

to cuprous-oxide. the reduction is not stoichiometric, consequently all methods for the
determination of reducing sugars are empirical and the results are affected by slight variations in
procedure. Nevertheless the results are trust worthy if the experimental details are adhered to, or
if standardisation is effected under identical conditions with solutions of the pure sugars.

The Fehling's solution is blue in colour because it is a solution of cupric ions and at the
end point it changes its colour to red precipitate of cuprous oxide. As the supernatant liquid is
blue and the precipitate red in colour, there may be some difficulty in the determination of end
point accurately. Hence, methylene blue indicator is employed for accur.atedetermination of the
endpoint.

CsHlIOs.CHO
Glucose

+ 2CuO
Fehling's solution

CsH))Os.COOH
Gluconic acid

+ Cu20
Cuprous oxide

REAGENTS:
1. Fehling's Solution A :

34.639g of A.R. copper sulphate (CuS04.5H20) is dissolved in water and the volume is
made up to the mark in 500 ml in volumetric flask (solution -I).

2. Fehling's solution B or Atkaline tanrate :
173g of Rochelle salt (Sodium potassium' tartrate) and 50g of sodium hydroxide are

dissolved in water and diluted to 500ml in volumetric flask (solution -II). The solution is
allowed to stand for two days.

3. Preparation of standard glucose solution:
About 0.5180 g of glucose is weighed accurately. It is dissolved in water and made upto the

mark in a 250 ml volumetric flask.

4. Methylene blue indicator (1%):
One gram of methylene blue indicator is dissolved in 100ml distilled water...
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PROCEDURE:

I.Standardisation of Fehling,':s"solution with standard glucose solution:
, -

5.0ml of Fehling's A and 5.0ml of Fehling's B are pipettcd out into a clean 250m] conical
tlask. Then it is diluted with an equal volume of water and the solution is heated to boiling on a
wire gauge with out bumping and titrated against standard glucose solution taken in a burette
adding methylene blue as an indicator near the; end point of the reaction. Glucose solution is
added from the burette until the blue colour of the solution just disappears, this will give an
approximate value of the volume of glucose solution required ..

To obtain the exact value, the above procedure is repeated. Usually' almost all sugar
solution need to reduce total copper will be added so that not more than 0.5 to 1.0 ml is required'
later to complete tl).etitration. ::The contents arc heated to boiling, maintained the gentle boiling'
'for 2 minutes, then without removing-the flame beneath the flask, 3-5 drops of a methyleneblue
arc added. The titration is completelr in one minute by adding the glucose solution drop wise
until the colour of the methylene blue just disappears. The titration is repeated until concurrent
values (Le. values which do not differ by mote than 0.1ml of glucose solution) are obtained.

Factor value is calculated using the formula: '
Factor == Titre x mg of glucose per ml

'. ," ., ..... ' .

II.' Determination of glucose present in the given solution:
The given glucose solution is made up to the mark with distilled water and taken in

burette. An aliquot of equal portions of Fehling A and B (5.0 ml each) are pipetted out and the
titration is carried out in ~ similar way as discussed above. From the titre obtained and from the
factor calculated previously, the' amount of glucose present in the given solution can be

calculated.

Precautions:
1.When Fehling solution is required, equal volumes of Fehling's A and Fehling's Bare

transferred to a dry flask and mixed thoroughly. Fehling'~Js()lution deterioratesslowlyon
. . . . . . ,

keeping, Hence, only sufficient should be prepared' to mee immediate requirements.
2. Exact!y 5.Oml each of Fehling 'A' and 'B' are taken
3. The solution should be kept hot during the titration
4. The end point should be observed carefully:

Report: Amount of glucose present in 250ml of given solution is mg.

I
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Observations and Calculations:

w = Weight of glucose

Amount of glucose per ml :

gin250ml'

wxlOOO=. =
250

mg (let us say z mg)

=

Standardisation of Fehling's Solution:

S. No
Volume (inml) of Burette ReadiJigs Volume of

Fehling's A Fehling's B. initial Final glucose (101)

1. 5.0 5.0

2. 5.0 5.0
J. 5.0 5.0 _.

Factor =- Titre value x (z): mg .fgl1ico~~ r ml

= volume of glucose x z

Estimation of Glucose:

S. No
Volume (in ml) of Burette Readin~s Volume of

Fehling's A Fehling's B Initial Final ,glucose (ml)

1. 5.0 5;0 ,
2. 5.0 5.0 _.

3. 5.0 5.0

Amount of glucose present = Fac~r xN'dlume of"the given solution
Titre';Yalue

Factor x 250=--~---~~~--------WBlwne ofgivon glucose solution run down

=

Therefore, amount of glucose pr~t inlAOIrll'ofgi:ven,·solution's:.....__ mg.. .... I



ExperimentUNIT

~

QUANTITATIVE ESTIMATION
OF ANILINE

AIM: To determine the amount of aniline present in the given solution by bromination process.

APPARATUS: Volumetric flasks, burette, pipettes, iodine flasks

CHEMICALS REQUIllliD:
Potassium bromate, potassium bromide, hydrochloric acid, potassium iodide, sodium

thiosulphate, starch.

THEORY:
Bromination of aniline by standard brominating mixture (KBr03 + KBr) in presence of

HCI is the process.

KBr03 + 5 KBr + 6HCI

The bromine so liberated reacts quantitatively with aniline forming 2,4,6-
tribromoaniline.

+

NH2

BrY,yO Br +y 3HBr

Br

Aniline 2,4,6-tribromoaniline

Bromination is carried out with excess of standard bromate-bromide solution in presence

of hydrochloric acid. The excess of bromine is·made to react with potassium iodide solution,

which in turn liberates iodine equivalent to the bromine present. The liberated iodine is titrated

with standard thiosulphate solution using starch as indicator.

Br2 + 2KI h + 2KBr
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PREPARATION OF REAGENTS:

I. Potassium bromate-bromide solution:
O.tN bromate-bromide is prepared by dissolving 1.3916g of A.R potassium bromate and

18.75gof pure potassium bromide in water andmade upto 500ml in a volumetric flask.

2. Sodium thiosulphate solution (O.IN):
12.5 g of AR grade sodium thiosulphate pentahydrate (hypo) is dissolved in 500ml with

double distilled water.

3. Potassium dichromate solution (O.IN):
About 0.5 g of potassium dichromate is accurately weighed, dissolved in water and made

upto 100ml in a volumetric flask. The,normality is computed by weight.

4. Starch indicator Solution:
One gram of soluble starch is made into a paste with little amount of water and poured in

to 100 ml of boiling water and the boiling is continued for a while and cooled and it can he
used as an indicator.

5.10%) potassium iodide solution:
109of potassium iodide is dissolved in 100ml of distilled water.

PROCEDURE:
Standardisation of hypo using standard potassium dichromate solution:

20.0 ml of potassium dichromate is pipetted out into an iodine flask and 10mI of 10%
potassium iodide is added to the solution. 10 ml of AN sulfuric acid is added and the flask is
covered with a small watch glass, allowed to stand for five minutes inorder to complete the
reaction. Then the watch glass is removed and vapours of iodine are condensed by flushing
distilled water with a jet and titrated immediately with thiosulphate solution. 1-2 ml of starch
solution is added when the solution shows a faint yellow colour of iodine. After the addition of
starch indicator the contents turn into deep blue in colour. The end point is decolourisation of
blue colour. The titration is repeated until consistent results are obtained.
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Estimation of Aniline:

10.0 ml of the given aniline solution is pipetted out in to a 250 ml iodine flask. To this
solution 20.0 ml of brominating .mixture and 5 ml cone. HCI is added. The fl~k, is stoppered
immediately and shaken for about one minute for thorough mixing of reactants. The contents are '
allowed to stand for about 30 minutes with occasional swirling, The flask is cooled 'under the
tap, .10ml of 10 per cent potassium iodide solution, is placed in the cup around the stopper. The
stopper is slightly dislodged.whereupon the iodide solution is drawn into the flask with no loss of
bromine» The flask is shaken for 30 seconds and allowed to stand for 10 rfiinutes. The stopper is 0

, 0 ,

removed, the neck of the flask and the stopper are washed with a little water. The liberated 0

iodine is equivalent to the excess of bromine taken. The' free iodine is titrated <Withstandardised
sodium thiosulphate using 1ml of starch solution near the end point. . C

o

\:)

J:.. blank analysis.is carried out using 20.0 ml ofthe bromate - bromide reagent and 5 m1
o of concentrated HCl following the same procedure given above. /'

C

o

The fl~k must be stoppered every time after the addition 'of reagents to prevent lossor
, ''i\'' •bromine.

c

Report: Amount of aniline present in 100ml of given solution . L' g.

o

:;;.""

c

• 0o
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. . .

OBSERVATIONS I CALCULATIONS: .
, . .

o
'<v:WeighfofpOfassiumdichrotnate (W), = ., g'irt lOOmF

~<:'...~ :.. :. . ..
N9rnl.,.Hiy of potassium dichromate solution (NI). ::..•.. , ", . ' . . . ,.". ," '; "

; , .'t"") . "," ... . :; ..
Wt. of potassium dichromatessl 000

Eq.wt.of potassiumdicbromatexvolume

= w x,)O()O.· .
49.032xI.00

= N

•
~tan<lardisation Qf sodium thiosulphate'sohition: .0

1.
Initial Final

20.6

.Burette R.-eJl(Un~

, .: -'"f;. .. '. :-,.

.volume of hypo: '
, (Vl ml)

Volum~ of dichr.omate solutionS~No~' ." ..~ (Vi'~I) .', . ,', l

2. ~20;O, o

.. 3. 20:0 L·

We know that

Where y 1 = volume of dichromate solution = 20.0 ml

NI= normality of dichromate solution N

Vl == volume of hypo solution = ml

N2= normality of hypo solution == V; N" = .NV ' _,..;,_--=--
2

o
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QUANTIT ATIVE ESTIMATION OF ANILINE:

Unknown (Sample! test) titration:

Volume of Volume of Burette Readings Volume of HypoS.No. aniline solution brominating
(V3ml) mixture Initial Final rv, ml)

1. 10.0 20.0

2. 10.0 20.0

3. 10.0 20.0

Blank titration:

Volume of Volume of Burette Readings Volume of HypoS.No. brominatinganiline solution
mixture Initial Final (Vbml)

1. 0 20.0

2. 0 20.0
/_ ..

3. 0 20.0 .
Since the concentration of. hypo used in both the solutions is one and the same whose
normality is known to us, the normality of aniline can be calculated as follows:

Volume of hypo required for the 20ml of bromate-bromide mixturetblank)= Ve = _ ml

Volume of hypo required for the left over bromate-bromide solution

after brominating 10.0ml of aniline test solution =Vt=_ml

Volume of hypo equivalent of bromate-bromide solution

'required for bromination of aniline taken
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Since the contentration of hypo used in both the solutions is one and the same whose
normality is known to us, the normality of aniline can be calculated as follows:

Volume of aniline (10.0 ml) (V3) x normality of aniline (N3) =
Volume of hypo consumed by left over bromine after bromination (Vb- VI) x normality ofhypo(N2)

In the above mathematical expression except normality of aniline all other entries are known to
us and hence normality of the given aniline solution is obtained.

Am f ·1· 1· f ·1· X molecular weight of anilineount 0 am me = norma ity 0 am me
3x2

(since 3 bromine molecules are involved in bromination)

= N3X 93.13 = g/lit
3x2

If the unknown (test) solution is given in 100ml volumetric flask, then the amount of aniline in
the given solution will be 1/lOth of the amount of aniline calculated above.

Therefore, amount of aniline present in 100ml of given solution g.



'UNI'!'
~.

,EXperiment

AIM:' To determine the' amount of aniline present in the given solution by ·brominationprocess.

APP ARArUS: Volumetric flasks, burette, pipettes, iodine flasks
, ,

. CHEMICALS REQUIRED:

Potassium bromate, potassium bromide, hydrochloric acid, potassium iodide, sodium
thiosulphate, starch.

THEORY:
Bromination of phenol by standard brominating mixture (KBr03 + KBr) -inpresence of

He} is the process. ' , ,

KBrOJ + 5 KBr + 6HCl

The bromine so liberated reacts q~ti.tativ~ly with, phenol forming 2,4,6-
tribromophenol.

OH

@
\ Uft "

B*Br + 3HBr
. I"': Br

Phenol h~~,4,6;.tribromopherib.
,ll.k " ' , :;1

, _ " ' ,'", , " . ': ",:.1J ,f - '0" ,

Bromination is carried out with excess of standard brOInate-broJVi~~tsolutionW presence. . .. . .

of hydrochloric acid, The excess of bromine is made to react with potsikium iodide solution,
whi~h in tum liberates iodine equivalent'te the brd.minepttleent.'The Hbel~ted'iodine is titrated

, '. " " , ,'. (. ,"'(1 ,!U()({~ Au!" . .. .,
willi standard thiosulphate solution usin~'starch as i~Wato.flls i',

Br2 . + 2Kl h + 2KBr.
h + 2N~S203 2Nal' + Na2S406
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PREPARATION OF REAGENTS:

I. Potassh~ni bromate-bromide solution:
O.IN bromate-bromide is prepared by dissolving 1.3916g of A.R potassium bromate and

18.75gof pure potassium bromide in water and made upto 500ml in a volumetric flask.

2. Sodium tbi08ulphate solution (O.IN):
12.5 g of AR grade sodium thiosulphate pentahydrate (hypo) is dissolved in 500ml with

double distilled water.

3. Potassium dichromate solution (O.IN):

About 0.5 g of potassium dichromate is accurately weighed, dissolved in water and made
upto 100ml ina volumetric flask. The normality is computed by weight.

4. Starch indicator Solution:
One gram of soluble starch is made into a paste with little amount of water and poured in

to 100 ml of boiling water and the boiling is continued for a while and cooled and it can be
used as an indicator.

5.10% potassium iodide solution:
109of potassium iodide is dissolved in 100ml of distilled water.

PROCEDURE:
Standardisation of hypo using standard potassium dichromate solution:

20.0 ml of potassium dichromate.is pipetted out into an iodine flask and 10ml of 10%
potassium iodide is added to the solution, 10 ml of 4N sulfuric acid is added and the flask is
covered wi~ a small watch glass, allowed to stand for five minutes inorder to complete the .
reaction. Then the watch glass is removed and vapours of iodine are condensed by flushing
distilled water with a jet and titrated immediately with thiosulphate solution. 1-2 ml of starch•
solution is added when the solution shows a faint yellow colour of iodine. After the addition of
starch indicator the contents turn into deep blue in colour. The end point is decolourisation of
blue colour. The titration is repeated until consistent results are obtained.
I"

-- --_._------------------
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Estimation of Phenol:
10.0 ml of the given phenol solution is pipetted out in to a 250 ml iodine flask. To this

solution 20.0 ml of brominating mixture and 5 ml cone. HCl is added. The flask is stoppered
immediately and shaken for about one minute for-thorough mixing of reactants. The contents are
allowed to stand for about 30 minutes with occasional swirling. The flask is cooled under the
tap, 10ml of 10 per cent potassium iodide solution is placed in the cup around the stopper. The
stopper is slightly dislodged whereupon the iodide solution is drawn into the flask with no loss of
bromine. The flask is shaken for 30 seconds and allowed to stand for 10minutes. The stopper is
removed, the neck of the flask and the stopper are washed with a little water. The liberated
iodine is equivalent to the excess of bromine taken. The free iodine is titrated with standardised
sedium thiosulphate using Iml of starch solution near the end point.

A blank analysis is carried out using 20.0 ml of the bromate - bromide reagent and 5 ml
of concentrated HCI following the same procedure given above.

Precaution:
The flask must be stoppered every time after the addition of reagents to prevent loss of

bromine.

Report: Amount of phenol present in 100mi of given solution g.
'<
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OBSERVATIONS / CALCULATIONS:

Weight of potassium dichromate (w) = gin 100 ml
,

Normality ofpptassium dichromate solution (NI)

=
Wt. of potassium dichromate x 1000

Eq. wt. of potassium dichromate x volume

wxlOOO
=

49.632 x 100

= N

Standardisation of sodium thiosulphatesohition:

S. No. Volume of dichromate solution Burette Readings Volume of hypo
(VI ml) Initial . Final (Vl ml)

1. 20.0

2. 20.0

3. 20.0 -

We know that

Where VI = volume of dichromate solution = 20.0 ml

N I= normality of dichromate solution = N

V2= volume of hypo solution = ml

N2 = normality of hypo solution =

2C
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QUANTITATIVE ESTIMATION OF PHENOL:

Unknown (Sample! test) titration:

Volume of Volume of Burette Readings Volume of HypoS.No. phenobsolutten brominating
(Vt ml)(V3 ml) mixture Initial Final

1. 10.0 20.0

2. 10.0 20.0

3. 10.0 20.0

Blank titration:

--

Volume of Volume of Burette Readings Volume of HypoS.No. brominatingphenol solution
mixture Initial FiDa: .(Vb ml).

.

1. 0 20.0 .'.- . ", ..
2. 0 20.0

3. 0 20.0 .

Since the concentration of hypo used in both the solutions is one and the same wbose
normality is known to us, the normality of phenol can be calculated asJollows:

Volume of hypo required for the 20ml of bromate-bromide mixturetblank) = Vb = _ ml

Volume of hypo required for the left over bromate-bromide solution

after brominating 10.0ml of phenol test solution. =Vt=_ml

Volume of hypo equivalent of bromate-bromide solution

required for bromination of phenol taken
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Since the concentration of hypo ued in both the solutions is one and the same whose
normality is known to us, the normality of phenol can be calculated as follows:

Volume of phenol (10.0 ml) (V3) x normality of phenol (N3) =
Volume of hypo consumed by left over bromine after bromination (Vb- Vt) x normality ofhypO(N2)

In the above mathematical expression except normality of phenol all other entries are known to
us and hence normality of the given phenol solution is obtained.

Am f h I ali f h' I X molecular weight of phenolount 0 p eno = norm ity 0 P eno
3x2

(since 3 bromine molecules are involved in bromination)

= N3X 94.114. = g/lit
3x2

If the unknown (test) solution is given in 100 ml volumetric flask, then the amount of phenol in
the given solution will be 1I10thof the amount of phenol calculated above.

Therefore, amount of phenol. present in 100m}of given solution g.
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ANALYSIS OF SYNTHETIC MIXTURE
OF COPPER AND NICKEL

Experiment

1]
AIM:

To estimate the amount of copper and nickel in the given solution (copper volumetrically
and nickel gravimetrically).

APPARATUS:
Burette (SOml), pipette (20ml), volumetric flask (250ml), measuring cylinder (10ml),

conical flask (250ml), beakers (500ml), sintered glass crucibles (SG3). .

CHEMICALS REQUIRED:
Analytical reagent grade copper sulp~ate penta hydrate (CuS04.5H20), sulphuric acid,

sodium carbonate, glacial. acetic acid, sodium thiosulphate, potassium iodide, ammonium
thiocyanate, starch, nickel sul~hate or nickel chloride (preferably nickel ammonium sulphate),
hydrochloric acid, ethyl alcohol, dimethyl glyoxime, liquor ammonia.

PRINCIPLE:
When a solution of potassium iodide is added to a slightly acidic solution of copper

sulphate, iodine is liberated and the liberated iodine is treated against standard solution of
sodium thiosulphate (hypo). Potassium iodide reacts with copper sulphate as follows.

2CUS04+ 4KI ~ 2CuI + h + 2K2S04.

h + 2Na2S203~ Na2S203+ 2NaI

From the equation it follows that equivalent weight of copper sulphate is equal to its
formula weight = 249.68gm.

O05N I h . 250 I . 249.68 x 0.05 3. copper su pate m m requtres = .121 g
4

After precipitating and separating Cu2+ as CuS using hydrogen sulphide gas in presence
of dilute hydrochloric acid, nickel is precipitated by the addition of the alcoholic solution of
dimethyl glyoxime (DMG) (or by an aqueous solution of sodium salt of dimethyl glyoxime) to
a hot solution of nickel and then slight excess of ammonia is added. The precipitate is washed
with cold water, filtered through SG3 crucible, weighed as nickel dimethyl glyoximate after
drying in an oven at 100 to 110°C.
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PROCEDURE:
(a) Standerdisation of sodium thiosulphate:

About 3.121 g of CuS04.5H20 is weighed accurately and transferred into 250 ml.
volumetric flask and made up to the mark with distilled water (Few drops of dilute sulphuric acid
are added to suppress the hydrolysis of Cu2+).

The burette is filled with hypo solution to be standardized and initial reading is noted.

20.0 ml. of standard solution of copper is transferred into a conical flask. To this sodium
carbonate solution (1%) is added drop wise till the appearance of the slight turbidity. Then about
5ml of acetic acid and IOml of 10% solution of potassium iodide are added and diluted to IOOml.
The contents are allowed to stand for about 10 minutes, placing a watch glass on the top of the
flask in order to arrest liberated iodine vapours. There after, vapours are condensed by flushing
distilled water with the jet of the wash bottle. Hypo is rundown from the burette until the colour
of the solution turns to straw yellow. To this I-2ml of starch solution is added and again hypo is
rundown until the solution turns to pale blue. To this about 2 g of ammonium thiocyanate salt is
added. Then the solution turns deep blue. Again hypo is run down until the blue colour just
disappears to give a fleshy white precipitate. The· final reading of the burette is noted. The
difference between initial and final readings of hypo gives the volume of hypo rundown. The
titrations are repeated until concurrent values are obtained.

Knowing-the normality and volume of copper solution taken and the volume of hypo run
down, the normality of hypo can be calculated using the formula VINI = V2N2.

The given solution (Cu2+ and Ni2+) is made up to the mark in 250 CC volumetric flask
and this is used for determination of amounts of Cu" and Ni2+.

ESTIMATION OF COPPER:·
20.0 ml. of the given solution of mixture of copper and nickel is transferred into a conical

flask. To this sodium carbonate solution (1%) is added drop wise till the appearance of the slight
turbidity. Then about 5ml of acetic acid and 10ml of 10% solution of potassium iodide are added
and diluted to 100ml. The contents are allowed to stand for about 10 minutes, placing a watch
glass on the top of the flask in order to arrest liberated iodine vapours. There after, vapours are
condensed by flushing distilled water with the jet of the wash bottle. Hypo is rundown from the
burette until the colour of the solution turns to straw yellow. To this I-2ml of starch solution is
added and again hypo is rundown until the solution turns to pale blue. To this about 2 g of
ammonium thiocyanate salt is added. Then the solution turns deep blue. Again hypo is run down
until the blue colour just disappears to give a fleshy white precipitate. The final reading of the
burette is noted. The difference between initial and final readings of hypo gives the volume of
hypo rundown. The titrations are repeated until concurrent values are obtained.
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From the normality and volume of hypo run down and the volume of the given solution,
the normality of copper in the given mixture can be calculated using the formula V2N2= V3N3.
Thus, from the normality of the given Cu+2solution, the amount of copper present in the given
solution can be calculated. '

ESTIMATION OF NICKEL:
50.0ml of the solution Cu2+and Ni2+is transferred into a 500ml beaker. 3 to 4ml of 1:1

dilute HCI and 50ml of water are added. The solution is warmed to 40°C. H2S gas is passed
through the solution for about IS minutes for complete precipitation of Cu+2as a black CuS
precipitate. The solution is filtered through Whatmann '40' filter paper. The precipitate is
washed with cold water, acidified with a little dilute HCI and saturated with H2S. (The filtrate is
tested for complete precipitation with H2S).As the precipitate is 'CuS', thus copper is rejected.

The filterate now contains only nickel. Excess H2S gas is boiled off from the filtrate for
one hour with precautions to arrest the bumping. To the solution O.Smlof dilute. HN03is added
and the solution is again boiled. To the hot nickel solution of 30 ml of 1% alcoholic solution of
.dimethylglyoxime is added and then slight excess of aqueous ammonia solution is added to
precipitate nickel as nickel dimethylglyoximate. The beaker containing precipitate and contents
are heated on a steam bath for about one hour to coagulate the precipitate so as to filter easily.
Then the solution is transferred through a previously weighed sintered glass crucible dried at
, (lOOto 120°C).The precipitate.is washed with cold water until the washings do not give test for
chloride. The precipitate is dried in an oven at 100-11OoC,cooled and weighed. From the weight
of nickel dimethyl glyoximate obtained, the amount of nickel is calculated.

The same experiment is repeated with another 50.0ml ofthe given mixture.

Report: The amount of copper present in the given 250 ml solution is g

The amount of nickel present in the given 250 ml solution is g (original)

The amount of nickel present in the given 250 ml solution is g (duplicate)

Precautions:

1. For the gravimetric determination of nickel, the.experiment shall be conducted in duplicate.
2. The crucibles shall be preheated and weighed.
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OBSERVATIONS AND CALCULATIONS

Preparation of standard copper sulphate solution:

Weight of the bottle + CUS04. 5H20 = WI

Weight of weighing bottle = W2

W3= Weight ofCuS04. 5H20 transferred into 250ml volumetric flask = (WI-W2)=__ g

N1=Normality of standard copper sulphate solution

Weight of copper sulphate taken xl 000=----------~~--~-~~------------------
Equivalent weight of copper sulphate x volume of copper solution

= W3 x 1000 = N
249.68x 250

Stadardisanen of Hypo:

S.No. Vol. of standard copper Burette Readings VOlumeof~
sol. transferred (VI ml) rundown (V2 m \

Initial Final

1 20.0 \

2 20.0

3 20.0

We knowthat VINI= V2N2

Where VI = Volume of standard copper sulphate solution = 20ml

NI= Normality of standard copper sulphate solution =

V2= Volume of hypo = ml

N2= Normality of hypo = ?

·V.N
Therefore N2= _1_1 = N, V

2

,
•

~---- ------------------
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Determination of Cu2+ in the given Solution:

S.No. Vol. of standard copper Burette Readings Volume of hypo
sol. transferred (V3ml) Initial Final rundown (V2 ml)

I 20.0

2 20.0

3 20.0

We know that

Where V2 = Volume of hypo ml

N2= Normality of hypo = __ N

V3= Volume of given copper solution = 20ml

N3= Normality of given copper solution = _?

,.
VNTherefore, N3 = _2 __2 = N
~

Amount of copper present in the given 250 ml solution =

Normality of the given copper solution x Atomic wt.of copper x Volume of the given solution
1000

= N3 x 63.54x 250 _
1000 --.-g
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Determination of nickel present in the given Solution:

Crucible - I: (Original)

WI = Weight of empty sintered Crucible =----g

W2= Weight of the crucible + nickel dimethyl glyoximate ----g

W3=Weight of nickel dimethyl glyoximate =W2- WI =----g

288.942g of nickel dimethyl glyoximate contains 58.71g of nickeL

Therefore, W3g of nickel dimethyl glyoximate (or 50 ml of the given solution) contains =

58.71 W f ni k Ix 3g 0 me e
288.942

- f . k I . h . 250 I I· 58.71 W 250Amount 0 me e present 10 t e gIven m so ution = . x 3 X -
288.942 . 50

g

Crucible -II: (Duplicate)

W4 = Weight of empty sintered Crucible =----g

Ws=Weight of the crucible + nickel dimethyl glyoximate ----g

W6= Weight of nickel dimethyl glyoximate = Ws- W4 = g

288.942g of nickel dimethyl glyoximate contains 58:71g of nickel.

.Therefore, W6g of nickel dimethyl glyoximate (or 50 ml of the given solution) contains =

58.71 W f ni k Ix 6g 0 me e
288.942

Amount of nickel present in the given 250 ml solution = 58.71 x W x 250
288.942 6 50

g
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ANALYSIS OF TIN AND LEAD
FROM SOLDER

Experiment

~

AIM:
To determine the percentage and composition o~solder.

APPARATUS:
Beaker (2S0ml), watch glass, silica crucible, sintered glass crucible (S03)

CHEMICALS REQUIRED:
Nitric acid, Whatmann-42 filter paper, sulphuric acid, ammonium iodide.

PRINCIPLE:
The method of determination of tin depends upon the oxidation of the tin to the

quadrivalent state, precipitation with aqueous ammonia, followed by ignition to stannic oxide,
Sn02. The alloy is treated with nitric acid, when a precipitate of hydrous stannic oxide is
formed; the formula for this may be written, for simplicity, as H2Sn03,metastannic acid:

The precipitate possesses colloidal character and exhibits powerful adsorption properties
for certain ions, for example, iron, lead, copper, nickel and zinc. It is advisable to use ashless
filter paper in the subsequent filtration and also to wash the precipitate with dilute nitric acid in
order to avoid peptisation. The precipitate is ignited at the highest temperature to stannic oxide:

Owing to the ready reduction of the oxide to the metal, the carbon of the filter paper must
be burnt off at as low as possible and the flame gases excluded from the crucible.

The precipitate should be white, but rarely it will be so because of the presence of
impurities. The amount of impurity may be determined by adding to the impure weighed oxide
fifteen times its weight of pure ammonium iodide and heating for IS minutes in an electric
crucible or muffle furnace at 42S-47SoC., or until no further fumes are evolved. The tin is
volatilized quantitatively as stannic iodide.

The residue is treated with 2-3 ml of concentrated nitric acid, cautiously evaporated,
ignited, and the residual metallic oxides weighed; the loss in weight gives the' weight.:.ofpure
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stannic-oxide present in the precipitate. The treatment with nitric acid is necessary, for the other
metals are converted into iodides and/or oxyiodides, which are only slowly converted into the

I oxides by heating in air.

Determination of lead by lead sulphate method provides a separation from the numerous
elements which form soluble sulphates. Hel and HN03 exert a solvent action upon lead sulphate,
hence if these are present, the solution must be evaporated twice with SUlphuricacid until dense
white fumes are evolved.

PROCEDURE:
About 0.5g of alloy is correctly weighed in to a 250ml beaker. Then 5ml of water and

15ml of concentrated HN03 is added. It is covered with a watch glass till the reaction ceases.
When the reaction is over it is evaporated to 5ml. It is then diluted to 50ml and heated on a
-water bath for 15minutes and then filtered through Whatmann-42. The filtrate is collected in a
400ml beaker and the precipitate is washed several times with 1:100HN03. The filtrate 'and
washings are used to determine lead.

Determination of Tin:
The filter paper is dried and placed in a previously weighed porcelain crucible. It is

gently heated first and finally ignited for 30 minutes. It is allowed to cool and weighed. The
above procedure is repeated until constant weight is obtained. The difference in weight is noted.
Then NH41is added in excess (about 15 times of the weight of precipitate). The contents are
mixed well. It is heated till no fumes are evolved and then for some more time. It is cooled,
2-3ml of concentrated HN03 is added and gently evaporated to dryness and cautiously­
decomposing the residual nitrate over a small flame. It is then ignited and the crucible is cooled
and weighed. The loss in weight gives the amount of pure tin present from which the percentage
of tin is calculated.

Determination of Lead:
- To the filtrate obtained above 4ml of concentrated H2S04 are added and evaporated

carefully until free from HN03. The solution is allowed to cool, 20ml of water is added and
again evaporated until the completion of expulsion of HN03• The solution is cooled. 25ml of
water are added stirred well and the contents are allowed to stand for an hour. Then filtered
through a previously weighed sintered glass crucible, washedwith 1:50 H2S04. It is then dried in
an oven cooled and weighed. From the difference of weight the percentage of lead is calculated.

Report: The given solder sample is analysed and its various constituents are found to have the
following percentages:

Tin

_Lead
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OBSERVATIONS AND CALCULATIONS:

TIN:
WI=Weight of solder =

W2=Weight of crucible + Lid =

W3= Weight of crucible after ignition =

W4= Weight of crucible after adding NH41 =

W =: Weight of Sn02

% of Tin
= WeightofSn02(w)xAt.Wt.oftinxlOO = wxl18.7xl00

Mol.Wt. of Sn02 x weight of solder(WI) 150.7x WI

= %

LEAD:

Ws= Weight of empty sintered glass crucible =---g

W6= Weight of sintered glass crucible with precipitate =---g

W7= Weight oflead sulphate =W6-WS= g

% of Lead
= weight of lead sulphate (w 7) x Atomic weight of lead x 100

molecular weight of lead sulphate x weight of solder (w I)

= W7 x207.21xlOO = %
303.276 x WI ---
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~

DETERMINATION OF
DISSOLVED OXYGEN IN WATER

Experiment

~

AIM:
To estimate the amount of dissolved oxygen (D.O.) present in water.

APPARATUS:
Burette, B.O.D. bottle, pipette (2ml), glass bottles, glass rod, conical flask, measuring

flask

CIlEMICALS REQUIRED:
Potassium hydroxide, sodium thiosulphate, sodium azide, potassium permanganate,

potassium oxalate, manganous sulphate, sodium hydroxide, potassium iodide, concentrated
sulphuric acid, starch solution.

THEORY:,
In natural and waste water dissolved oxygen level depend on the physical, chemical and.

biological activities in water body. Solubility of oxygen' depends on temperature, pressure and
salinity of water. The solubility of oxygen decreases with increase in concentration of the salt'
under a pressure of one atmosphere, the solubility of oxygen of air in distilled or fresh waters- -
with low solid concentrations varies from 14.5mg/lit at OOCto about 7.5 mg/lit at 30°C. '

Dissolved oxygen is needed for living organism to maintain their biological processes. It
is essential to the life of fish and other aquatic organisms. Determination of dissolved oxygen
(D.O.) is important for industrial purposes. In industrial waters, dissolved oxygen is a nuisance
as it induces corrosion reactions. D.O. test is used to monitor the amount of oxygen in boiler
feed water by mechanical, physical and chemical methods. D.O. is also important in
precipitation and dissolution of inorganic substances in water. This test helps to assess raw water
quality and to keep a check on stream pollution. D.O. test is the basis of B.O.D. (biological test
which is an important parameter in evaluating the pollution potential of domestic wastes).

The analysis of dissolved oxygen plays a key role in water pollution control activities
and waste- water treatment process control. Three methods are used.

a. Winklers method (or) iodometric method
b. Electrometric method using membrane electrode
c. Polarographic method

\
9

Winklers method:
The basic Winkler method is used to determine D.O. It has been modified however to

remove the most common interferences. Among the modifications, the Alsterberg's modification

- - - - - ... - - - ----------------- ----
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of adding sodium azide to remove nitrate and Rideal-Stewart's modification of adding
permanganate to eliminate the interference of ferrous iron are important.

The samples were collectt1f in clean 250ml glass ground joint reagent bottles. At the
time of collecting sample 2ml 0tf I, anganous sulphate solution and 2ml of al.kaline-iOdiereagent
solution were added in quick s ccession and then bottle was stoppered immediately without
entrainment of any air ~d mixe thoroughly by inverting the bottle atleast ten times.

When manganous sUl6hate is added to the sample containing alkaline potassium iodide,
manganous hydroxide is formed which is oxidized by the dissolved oxygen of the sample to
basic manganic oxide. On addition of sulphuric acid, the basic manganic oxide liberates iodine
equivalent to that of dissolved oxygen originally present in the sample. The liberated iodine is
titrated with a standard solution of sodium thiosulphate using starch as the indicator.

MnS04+2KOH

2Mn(OH)2 + O2
(D.O.)

~ Mn(OH)2 + K2S04

~ 2MnO(OH)2
(Basic manganic oxide, brown in colour)

MnO(OH)2+ 2H2S04 ~ Mn(S04)2 + 3H20
(Manganic sulphate)

Mn(S04)2 + 2KI ~ MnS04 + K2S04 + h

Interferences:
Nitrite is the major interfering ion. Ferrous and ferric iron, residual chloririe, oxidisable

sulphur compounds such as sulphide, sulphites, thiourea and its derivatives, organic matter and
suspended matter also interfere.

Removal of nitrites (Alsterberg modification):
Nitrites interfere during acidification with sulphuric acid. They react with potassium

iodide and liberate iodine.
2KI + H2S04 ~ 2HI + K2S04

2HN02 + 2HI ~ 2H20 + N202 + h

If a longer duration is allowed, the D.O. of the sample reacts with N202 liberating more
iodine and a cyclic reaction occurs.

However, nitrites are eliminated by the addition of sodium azide (incorporated in the
alkaline iodine reagent) in the presence of sulphuric acid as follows:
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2NaN3 + H2S04 ~ 2HN3 + Na2S04

Estimation of DO -

Removal offerrous salts, sulphides and nitrites (Rideal-Stewart modification):
Addition of potassium permanganate in presence of acid suppresses the interference due

to ferrous salts, sulphides and nitrites. Excess of permanganate is removed by reaction with
potassium oxalate. However sulphides and organic mater are not oxidized by this method.
Hence Rideal-Stewart modification is not used as a general procedure. If it is necessary,
electrometric method may be applied to remove such interferences in preference to Ridel­
Stewart modification.

Interference by ferric compounds are suppressed by the addition of phosphoric acid, in
place of sulphuric acid. Samples containing suspended solids absorb appreciable quantities of

I

iodine in acid solution. Suspended matter can be flocculated by the use of alum solution and the
supernatant.liquid may be used for D.O. determination.

When sulphites, thiosulphates and polythionates are present, a preliminary oxidation with
alkaline sodium hypochlorite is necessary.

If the sample contains any residual chlorine, it has to be removed by reaction with
potassium iodide solution.

PREPARA!fION OF REAGENTS:
Preparatioa of standard potassium dichromate solution (O.OSN):

About 0.613g of potassium dichromate is accurately weighed and - transferred
quantitatively to a 250ml volumetric flask. The substance is dissolved in small amount of water
and then made up to the mark.

Manganous sulphate solution (36%): 91.0g of manganous sulphate monohydrate (MnS04.H20)
is dissolved. in water, filtered and diluted to 250ml. (This solution should not liberate iodine
when treated with acidified potassium iodide).

Alkalf-- iodide _ azide reagent:
(i) 50 g of sodium hydroxide and 13.5 g of sodium iodide are dissolved in distilled water and

diluted to 250ml.
(ii) 1.0g of sodium azide is dissolved in 10ml of distilled water.

The azide solution is poured in to the alkali _ iodide solution and mixed well and dilutec
to one liter. This solution should not give colour with starch solution when diluted and acidified.

Dilute sulphuric acid solution (12N):
33ml of concentrated sulphuric acid is added slowly to 67 ml of water while stirring.
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KF solution (40%):
40 gm of potassium fluoride is dissolved in 100ml of distilled water.

Sodium thiosulphate solution (0.02N):
4.96 g of sodium thiosulphate is dissolved in distilled water and made up to one litre in a

volumetric flask. It is standardized against standard potassium dichromate solution.

Starch solution:
About one gram of soluble starch is made into a paste with a small amount of water and

poured while stirring into 100ml of boiling water, allowed for boiling for two to three minutes
more and cooled. \
PROCEDURE:

--' Standardisation of sodium thiosulphate solution: \ .
A 10.0 Q11of standard dichromate solution is pipetted oiit into 10ml of 10% potassium

iodide solution acidified with 5ml of dilute sulphuric acid. The, liberated iodine is titrated with
hypo solution taken in a burette. The titration is continued till the brown solution turns to pale
yellow. Then 2ml of starch solution is added and titration is continued till disappearance of the
blue colour. The normality of sodium thiosulp~ate is determined from the volume of hypo
consumed. \

. \
\

Determination of dissolved oxygen:
1. A 100ml of water sample is taken in a ZSQmlB.O.D. bottle, to it 2ml of 40% KF (to mask

Fe3+), 2ml of manganous sulphate solution and 2ml of alkaline iodide, azide solution are
added while keeping the tip of the pipette below the surface of water. The bottle is stoppered
without entrainment of air and mixed by-inverting the bottle atleast about ten times. The',
formation of a brown precipitate of basic manganic oxide indicates presence of D.O. (while
the formation ofa white precipitate indicates tllat~e sample is devoid of D.O.). .

2. AlTbwedthe precipitate to settle completely leavirig a clear.supernatant liquid. Then stopper
is removed carefully and 6ml of 12NH2S04 is added along-the sides of the bottle. The bottle
is stoppered and the contents are mixed theroughly till the precipitate dissolved.

3. The liberated iodine is titrated immediately with standardized sodium thiosulphate solution
using starch as an indicator. ",'

4. The experiment is repeated until concurrent readings are obtained.
5. From the volume of sodiuni thiosulphate~nsumed, D.O. is calcul~ted.

Precautions;
1. Before transporting the samples to the Iaboratorythe first step to be followed is to fix the

oxygen.
2. The solutions are added while keeping the .tip of the pipette below the surface of water to -

avoid more air contact. -,

.3. As far as possible the sample should not beallowed to come in contact with air.

Report: Dissolved oxygen present in.the given ~ter sample is _.__ mg/lit, '
v, \
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OBSERVATIONS AND CALCULATIONS:

Weight of potassium dichromate (w) = g in 250 ml

Normality of potassium dichromate solution (NI)

=
Wt. of potassium diehromate x 1000

Eq. wt. of potassium diehromate x volume

wxlOOO = N
49.03 x 250 --

Stadardisation of Hypo:

Vol. of standard Burette Readings Volume of hypoS.No. dichromate sol.
transferred (VI ml) Initial Final rundown (V2 ml)

1 20.0 \,
-.2

. ,
<, 20.0

\

!
3 ' 20.0,

-

We know that VINI= V2N2'

Where VI = Volume of standard dichromate solution = 20ml

N I =Normality of standard dichromate solution = _

V2 =Volume of hypo ml

N2 =Normality of hypo = ?

Therefore, = N
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Determination of D.O:

s. Vol. of water sample Burette Readings Volume of hypo";. transferred (V3ml) rundown (V2 ml)No. ; Initial Final /

1 100.0

2 100.0

3 100.0

We know that

Where V2 = Volume of hypo = ml

N2= Normality of hypo = N

V3 = Volume of water sample taken = 100 ml

N3 = Normality of water sample with respect to D.O= ?

Therefore, = N

Dissolved oxygen of the given water sample

= Normality of water sample w.r.t, D.O. x Eq.Wt. of oxygen x 1000 mg/lit

= N3 x 8 x 1000 = mg/lit

Amount of dissolved oxygen in the given water sample = mg / lit



PRACTICAL - II
INSTRUMENTAL METHODS OF ANALYSIS

UNIT - III

1. Estimation of iron using thiocyanate colorimetrically.

2. Estimation of Mn(II) by periodate oxidation colorimetrically.

3. Estimation 'of manganese(VII) and vanadium(V) by
potentiometric titration.

UNIT -IV

1. Estimation of chloride and iodide by potentiometric titration.

2. Estimation of mixture of strong acid and weak acid with
strong baseconductometrically.

3. Estimation of an organic acid by pHmetry.

&

..
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~.
ESTIMATION OF IRON(III) USING
THIOCYANATE COlORlMETRlCAllY

Experiment

1]
AIM:

To determine the amount of iron(III) present in the given solution colorimetrically.

APPARATUS:
Burettes - 4, volumetric flasks (50ml}-16

CHEMICALS REQUIRED:
Ferric alum (Ferric ammonium sulphate), hydrochloric acid, nitric acid, potassium

thiocyanate.

PRINCIPLE:

Ferric iron reacts with thiocyanate to give a series of intensely red - coloured compounds,
which remain in true solution. Ferrous iron does not react. Depending upon the thiocyanate
concentration, a series of complexes can be formulated as [Fe(SCN)n]3-nwhere n = 1,2,3--6.

At low thiocyanate concentration the predominant coloured species is [Fe(SCN)]2+,
(Fe3++SCN"= [Fe(SCN)]2+),

at O.lM thiocyanate concentration [Fe(SCN)2t and

at very high thiocyanate concentration it is largely [Fe(SCN)6]3-.

In the colorimetric determination a large excess of thiocyanate should be used, since this
increases the intensity and also the stability of the colour. Strong acids (HCI or HN03, 0.05 _
0.5M) -should be present to suppress hydrolysis. Sulphuric acid is not recommended because it
has a tendency to form complexes with ferric ions.
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PREPARATION OF REAGENTS:

Preparation of standard iron (III) solution:
. Abeut 0.864 g of ferric ammonium sulphate is accurately weighed and dissolved in

distilled water. To it 10ml of concentrated hydrochloric acid is added and the volume is made to
one litre ina volumetric flask. One ml of this solution consists 0.1 mg of iron.

The solution can be standardized by reducing Fe(III) to Fe(II) using starinous chloride.
Since it. is very convenient to standardize iron(II) in presence of hydrochloric acid with
dichromate solution.

To 25.0ml of hot ferric solution (70 -: 90°C) containing 5 - 6 N hydrochloric acid is
reduced by adding concentrated stannous chloride solution dropwise from a burette with stirring
until. the yellow colour of the solution has disappeared, The reduction is then completed by
diluting the concentrated solution of stannous chloride with two volumes of dilute hydrochloric
acid and adding the dilute solution dropwise, with agitation after each addition, until the liquid
has a faintgreen colour, quite free from any tinge of yellow. The solution is then rapidly cooled
under the tap to about 20°C with protection from the air and the slight excess of stannous
chloride present is removed by adding 10ml of saturated solution of (5%) mercuric chloride
rapidly in one portion and with through mixing. A silky white precipitate of mercurous chloride
should be obtained.

The oxidizing agent has no appreciable effect upon the small amount of mercurous
chloride in suspension. Thus obtained iron(II) solution by reduction is standardized using
standard potassium dichromate solution.

Preparation of potassium. thiocyanate solution (20%): •
About 20 g of potassium thiocyanate is dissolved in 100ml of water, the solution is 2M.

Preparation of 4N nitric aeid;
125ml of concentrated nitric acid is diluted to 500 ml using distilled water.

~

,
"
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PROCEDURE:
A standard series of different concentrations of iron (III) solutions are required for the

preparation of calibration curve. About 10 to 12, 50mI standard volumetric flask numbered in a
serial order are taken. To each flask 5ml of potassium thiocyanate (2M) and 4ml of nitric acid
(4N) are added. Then about 25ml of distilled water is added to all the flasks such that the total
volume in each flask ranges from 30 to l5ml. Then iron (III) solution is added to each one of the
flasks staring from 0.5ml. Then immediately the contents are made upto the mark, thoroughly
mixed and the optical density is measured at 480nm (Amax) against the reagent blank. A reagent
blank is one in which both 4ml of nitric acid (4N), 5ml of potassium thiocyanate (2M) are taken
and the flask is made upto the mark with distilled water. The successive measurements are done
with incremental additions of different concentrations of iron(III) solution to the rest of the
flasks. The optical densities are found against the blank solution for each concentration at Amax
(480mm). This must be done as soon as after preparation, since there will be variations in colour
intensities owing to the formation of different complexes o~ iron - thiocyanate based on the
ratios of iron and thiocyanate at each concentration of iron taken for the colour development..

A calibration curve is constructed taking amount of iron(lIl) on x axis and corresponding
optical densities on y-axis and the curve is checked whether the Beer's law is obeyed or not. The
unknown solutions are similarly taken and the colour intensity (optical density is measured) from
which the concentration of iron(lII) present in unknowh solutions are computed.

Precautions:

1. Sulphuric acid should not be used to suppress the hydrolysis of ferric ions.

2. The optical densities must be taken as soon as after preparation (i.e., after colour development)

3. There should not be any time lag after the addition of iron(III) solution in colour development
process.

Report: The amount of iron(lIl) present in the given 100ml solution is mg.
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OBSERVATIONS AND CALCULATIONS:

For drawing Beers law plot:

s. Volume of Volume of Volume of Amount of iron OpticalNo KSCNml 4N HNOJ (ml) Fe(III) solution (mg) Density
1 5.0 4.0 0.5
2 5.0 4.0 1.0
3 5.0 4.0 1.5
4' 5.0 4.0 2.0
5 5.0 4.0 2.5
6 5.0 4.0 3.0
7 5.0 4.0 3.5
8 5.0 4.0 4.0
9 5.0 .4.0 4.5
10 5.0 4.0 5.0

For the determination of amounts.from" Beers law plot:

S. Volume of Volume of Volume of Amount of iron OpticalNo KSCNml 4N HNOJ (ml) Fe(III) solution (mg) Density
11 5.0 4.0 X, - ODx,
12 5.0 4.0 X2 - ODX2
13 5.0 4.0 YI - ODy,
14 5.0 4.0 Y2 - Oily,

t

WI W2 W3 W4
Amount of iron _,

·O.Dy2

O.DY1

O.Dx2
o.o.,
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From graph:

AI XIml of the given solution contains WI mg ofiron(III).

~.Then 100ml of the given solution contains3.x 100mg ofiron(III)
. XI

A2 X2ml of the given solution contains WI mg ofiron(III).

Then 100ml of the given solution containsw2 x 100mg of iron(III)
x2

BI YIml of the given solution contains W3 mg of iron(III).

Then 100ml of the given solution contains W3 x 100mg ofiron(III).
YI

B2 Y2ml of the given solution contains W4 mg ofiron(III).

Then 100ml of the given solution contains W 4 x 100mg of irorulll).
Y2

Report:

The amount of the iron(III) present in the given 100ml of unknown solution is as follows:

= Amount of iron(III) present in unknown solution A (original) = mg

= Amount ofiron(III) present in unknown solution A (duplicate) = mg

= Amount of iron(III) present in unknown solution B (original) = mg

=Amount of iromlll) present in unknown solution B (duplicate) = mg
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.~
ESTIMATION OF MANGANESE (II) BY

PERIODATE OXIDATION COlORIMETRICAllY

Experiment

AIM:
To determine the amount ofmanganese(II) present in the given solution colorimetrically.

APPARATUS:
Burettes-2, graduated pipette (5ml)-I, volumetric flasks (50ml)-12, volumetric .flasks

(500ml), volumetric flasks (250ml), volumetric flasks (lOOml)

. CHEMICALS REQUIRED:
Potassium permanganate, oxalic acid, sodium sulphite, potassium periodate, phosphoric

acid (manganese free), sulphuric aicd.

PRINCIPLE:
- Manganese in small quantities can be estimated by oxidation to permanganic acid. The

oxidizing agent is potassium periodate. In hot acid solution periodate oxidises manganese ion
quantitatively to permanganic acid.

Permanganic acid is pink coloured and the colour produced is proportional to the Mn2+ present.

PREPARATION OF REAGENTS:

Preparation of Mn2+ solution:
A standard KMn04 is prepared by dissolving 0.8 g ofKMn04 in 500 ml water and its normality is

found by titrating with standard 0.05N oxalic acid solution. 100ml of this solution is quantiatatively
transferred into IOOOmlbeaker and 20ml of IONH2S04 is added to maintain 2N acidity. To this solution
saturated sodium sulphite solution is added until the contents are colourless and boiled to evaporate
excess sodium sulphite until no S02 fumes are evolved. The solution is colourless and it is quantitatively
transferred to 250m) volumetric flask and made up to the mark. This!s the stock solution.

Working solution:
SOmlof stock solution is diluted to IOOmlin a volumetric flask using distilled water.

Note: Alternatively suitable dilutions are advised depending upon the colour intensity that is
measured by trail and error method
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PROCEDURE:
Standardization of KMn04 solution:. .

20.0 ml of standard oxalic acid solution is transferred to a 250 ml conical flask and it is titrated
against KMn04 solution by maintaining 2N H2S04 acidity at 60°C temperature. The end point is
colourless,to pale pink.

Oetermination of A.max for maximum absorbance:
Note: This is given only for training the student in getting absorption spectrum and hence locating
the maximum absorbance (A.max) for the coloured system.

1mlof IN H2S04, 5ml of orthophosphoric acid (manganese free), 2mg of potassium periodate are
added to 'x'ml (where x is any volume between 1 to 10ml) of Mn2+solution and made about 40 ml in a
50ml volumetric flask in' order to keep room for expansion during heating. The solution is heated by
keeping the flask in a water bath for 10minutes and suddenly cooled. The solution is made upto the mark
with distilled water. The absorbances are noted at various wavelengths between 450-570nm and graph is
drawn betweenwavelength and optical density. The graph shows maximum absorbance (Amax) at 545nm.

Estimation of Mn(n) present in the given solution:
1 to 10 ml of Mn2+solution is taken in 50 ml volumetric flasks. Then to each flask lrnl of

sulphuric acid (IN) and 5ml of phosphoric acid (manganese free) are added. 2mg of potassium periodate
is added to each of them. A blank solution is also made in a similar manner without Mn2+solution. The
contents of the flasks are made approximately say to 40ml. They are heated in a water bath for 1Omin and
suddenly cooled and made upto the mark. The wave length is set at 545mn and optical densities are
measured for different concentrations to draw a Beer's law plot.

A graph is drawn by taking amount of Mn2+present on X-axis and optical density on Y-axis. A
straight line is obtained. Same procedure is adopted for the given unknown samples also and the amount
of Mn2+in unknown samples is computed from the graph.

PRECAUTIONS:
1. The amount of manganese should not exceed 2mg per 1bOml, otherwise the colour will be

too dark and hence will be out of range of determination.
Before periodate oxidation, excess sodium sulphite solution should be removed by expelling
S02 completely. .

3. Phosphoric acid should be added to the test solution, which prevent the precipitation of ferric
iodate and also decolourises ferric iron by complex formation.

Report: The amount of manganese(II) present in the given 100ml solution is mg.
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OBSERVATIONS AND CALCULATIONS:

N N' alit f li id 1 ti Amount of oxalic acid 10001= orm I y 0 oxa ICaCI so u Ion = x __
. 63.035 100

= N.

Standardisation of KMn04 solution:

.:i.No Volume of oxalic acid Burette readings Volume of KMn04
(VI ml) Initial Final solution (V2 ml) -_

1. 20.0
2. 20.0
3. 20:0

where VI =Volume of oxalic aqe solution =~ __ ml
I

NI = Normality of oxalie acid solution = N

V2 =Volume of permangan ate solution ml

N2 =Normality of permanganate solution = ?

VNTherefore N2 = _1_1 =, V
2

- N

Amount of manganese present in the 500 ml solution = WI

Normality of permanganate solution x Eq. wt. of manganese x Volume of solution
1000

= NI x 10.988x 500 =
g1000 ---
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Since 250 ml of stock solution is prepared from 100 ml of permanganate.solution,

Amount of manganese present in the 250 ml of stock solution = Amount of manganese present in
. . w xiOO

100 ml ofpermanganate solution = W2 = I = g500 --"7-

Since 100 ml of working solution is prepared by diluting 50 ml of stock solution,

Amount of manganese present in the 100 ml working solution = Amount of manganese present
. w2 x 50

in the 50 ml of stock solution = W3 250 = g

w
Therefore, amount of manganese(II) present in 1 ml of working solution = _3_ =g.. . 100 ----
Determination of A.max:

Wavelength O.D.
(A.)
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550

l'
~
IIIc::
Q)o '
~a.o

B

o

---,...- - .... _--.,...
400 450 500 550

Wavelength (A.) nm 7

The A.max in this figure lies around 460 nm
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Determination of manganese(II):

For drawing Beers law plot:

s. Volume of Volume of Wt. of Volume of Amount of
Optical. IN HlS04 H3P04 periodate working Mn(lI) Manganese(II)No

.(ml) (ml) (mg) solution (ml) (mg) Density
1 1.0 5.0 2.0 1.0
2 1.0 5.0 2.0 2.0
3 1.0 5.0 2.0 3.0
4 1.0 5.0 2.0 4.0
5 1.0 5.0 2.0 5.0
6 1.0 5.0 2.0 6.0
7 1.0 5.0 2.0 7.0
8 1.0 5.0 2.0 8.0
9 1.0 5.0 2.0 9.0
10 1.0 5.0 2.0 10.0

For the determination of amounts from Beers law plot:

s. Volqmeof Volume of Wt.of Volume of Amount of
OpticalNo IN HlS04 H3P04

/

. _period ate working Mn(II) Manganese(lI)
Density(BlI) (mlY/ (mg) solution (ml) (mg)

11 1.0 5.0 2.0 XI -
J2 1.0 5.0 2.0 X2 -_ ..
13 1.0 5.0 2.0 YI -
14 1.0 5.0 2.0 Y2 -

t

WI W2 W3 W4

Amount of manganese(II) ~

0.Dy2

0.DY1

0.Dx2

o.o.,
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From graph:
-;

AI XIml of the given solution contains WI mg ofmanganese(II).

Then 100ml of the given solution contains.3.x 100mg ofmanganese(II).
XI •

A2 X2ml of the given solution contains WI mg of manganese(II).

Then 100ml of the given solution contains w2 x 100mg of manganese(II).
x2

BI YIml of the given solution contains W3 mg ofmanganese(II).

Then 100ml of the given solution contains W3_X 100mg ofmanganese(II).
YI

B2 Y2ml of the given solution contains W4 mg ofmanganese(II).

Then 100ml of the given solution contains w4 x 100mg ofmanganese(II).
Y2

Report:

The amount of the manganese(II) present in the given 100mi of unknown solution is as follows:

= Amount of manganese(II) present in unknown solution A (original) = mg

A2 = Amount of manganese(II) present in unknown solution A (duplicate) = .. mg

= Amount of manganese(II) present in unknown solution B (original) = mg

=Amount of manganese(II) present in unknown solution B (duplicate) = mg
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~.
EmMAnON OFMANGANESE(VII) AND

VANADIUM{V) BY.POTENnOMETRlC IllRAnON

experiment

~

AIM:
To determine the amount of manganeservll): and vanadium(V) present in the given

solution.

APPARATUS:
Burette, volumetric flasks (250ml), beaker(250ml)~salt bridge closed with sintered disks.

CHEMICALS REQUIRED:
Potassium permanganate, ammonium meta vanadate, sodium carbonate, potassium

dichromate, ferrous ammonium sulphate, sulphuric acid, phosphoric acid..
PRINCIPLE:

The standard oxidation potentials of permanganate[ Mn(VII) - Mn(lI) ] and vanadate
[(V(V)- V(IV)] are 1.51V and 1.0V respectively. FerrouslFerric system has a potential ofO.76V.
So, wlien a mixture of permanganate[Mn(VII)] .and vanadate [V(V)] is titrated with ferrous
solution at an overall acidity of2N with respect to sulphuric acid, permanganate[Mn(VII)] reacts

. . first, since it has a high oxidation potential than vanadate - vanadyl system. That means the first
equivalence point corresponds to. the complete reduction of permanganate leading to the
formation of Mn(II). Then ferrous system reacts with vanadate. After first equivalence point,
addition of phosphoric acid is desirable to reduce or lower the potential of ferrous-ferric system.
A second potential jump indicates. the equivalence point corresponding to the completion of
reduction of [V(V)] to [V(IV)] .

PREPARATION OF REAGENTS:
Preparation of standard potassium dichromate solution (O.05N):

About 0.613g of potassium dichromate is accurately weighed and transferred
quantitatively to a 250ml volumetric flask. The substance is dissolved in small amount of water
and then made up to the mark.

Preparation of sodium vanadate
Sodium vanadate can be obtained by treating ammoniuni meta vanadate with a slight

excess of sodium carbonate and boiling the solutions until all the ammonia is expelled.

2NRtV03 + Na2C03 ---+ 2NaV03 +H20 + C02t -+: 2NH3t

From the above equation it is evident that one mole of sodium carbonate is required for
two moles of ammonium vanadate to give two moles of sodium vanadate. This must be kept in'
mind during the conversion of ammonium vanadate to sodium vanadate.

:
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About 1.5 g of ammonium metavanadate and 1.6g U.l sodium carbonate are taken into a
500ml beaker and 150ml of distilled water are added. The mixture is heated well until all the
ammonia goes off. The solution is cooled, filtered and made upto 250ml in a volumetric flask.

The sodium vanadate solution so prepared can be standardized with ferrous ammonium
sulphate which in tum should be standardized with standard potassium dichromate solution.

Preparation of iron(II) solution (O.OSN):
About 5.0 g of ferrous ammonium sulphate is dissolved in small amount of distilled water

and 50 ml of 10N H2S04 is added to maintain overall acidity of the solution 2N. Then the
contents are made upto the mark in a 250ml volumetric flask with distilled water.

Salt Bridge: 2N sulphuric acid

PROCEDURE:
Standardisation of iron(II) solution:

The cell is

Pt I Fe2+ - Fe'+ I salt bridge I KCI(satd);

10.0ml of iron(II) solution is pipetted out into to a 250 ml beaker, 10ml of 10N sulphuric
acid is added to maintain the overall acidity 2N. The solution is diluted to about 50ml by adding
30 ml of water. A bright platinum electrode is dipped into the solution which is connected to the
positive terminal of potentiometer. The experimental solution is connected to.reference electrode
through salt bridge. Potassium dichromate is added in equal increments. The solution in beaker
being uniformly agitated by the magnetic stirrer. The corresponding potential of the solution
after each addition of dichromate is noted. Near the equivalence point which is approximately
determined by means of a pilot titration, the titrant is added dropwise. The equivalence point is
detected by the sudden jump in potential by the addition of one drop of potassium dichromate
solution. To get a neat curve titration continued to a few more incremental additions of
potassium dichromate. b

A graph is drawn by taking volume of potassium dichromate on x-axis and the
corresponding potential on y-axis. The end point is detected by a clear sudden jump. 'The
"normalityofiron(II) solution is determined using the formula VINI =V2N2.
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Determination of manganese(II) and vanadium(V):
10.0 ml of the mixture of permanganate and vanadate solution is pipetted out into a 250

ml beaker. to ml of tON sulphuric acid are added to maintain the overall acidity 2N. The
solution is diluted to SOmlby adding 30 ml of water. A bright platinum electrode is dipped into
the solution which is connected to the positive terminal of potentiometer. The experimental
solution is connected to reference electrode through salt bridge'.

Standardised iron(II) solution is added in equal increments. The solution in beaker being
uniformly agitated by the magnetic stirrer. The corresponding potential of the solution after each
incrementis noted. Near the equivalence point which is approximately determined by means of
a pilot titration, the titrant is added dropwise. The equivalence point is detected by the sudden
jump in potential by the addition of one drop of iron(II) solution. The first jump indicates the
completion of reaction between permanganate and iron(II) leading to the reduction of Mn(VII) to
Mh(II). After the first equivalence point, Sml of syrupy phosphoric acid is added. Titration is
carried' out until the second equivalence point is obtained. The second equivalence point
indicates the completion of reaction.between vanadate and iron indicating the complete reduction
ofV(V) to V(IV). To get a neat curve titration continued with a few more increments ofiron(II)
solution.

A. graph is drawn by taking volume of iron(II) {preferably amount of Fe(II) } on x-axis
and the potential (in mv) on y-axis. The end points are detected by clear sudden jumps. The
normality of permanganate and vanadate solutions are determined from first and second
equivalence points respectively.

Precautions:
1. It is necessary to clean the platinum electrode wire from time to time. This can be done by

dipping the platinum Wirein IN Hel and heating over a spirit lamp (alcohol flame).
2. The stirring should be vigorous after each addition of the titrant.

Report:
The amounts of manganese (VII) and vanadium (V) present in the given 100 ml solution are
__ g and grespectively,

The report can be made as amount of permanganate (Mno..l and vanadate (VOl+) also.
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OBSERVATIONS AND CALCULATIONS:

Standardisation of iron(II) solution:

VI = Volume of standard potassium dichromate solution = 10.0ml

PILOT TITRATION
Volume of Potential,.dichromate
solution (ml) (mv)

•

REGULAR TITRATION
Volume of

Potentialdichromate
solution (ml) (mv)

,

-_
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t
-;
.:;: -5 >_ E
0-c.. .

. Volumeof
dichromate sOl. 7

)
N1=Normality of standard potassium dichromate solation

Weight of potassium dichromate taken x 1000=-----------~~~------------------------
Equivalent weight of potassium dichromate x volume of dichromate solution

WxlOOO
= = N
49.03 x 250

We know that
j

Where I
VI = Volume o(standard potassium dichromate solution = ml

NI= Normality of standard potassium dichromate solution = N

V2= Volume of iron(II) solution = 10.0ml

N2= Normality of iron(II) solution- ( = ?

VoN .
Therefore N2= _1_1 = N, V. ---

2 .i.: !
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Estimation of amount of manganese(VII) I permanganate and vanadium (V) I vanadate:

VI = Volume of mixture ofpermanganate and vanadate solution taken = 10.0ml

PILOT TITRATION
Volume of Potential
iron(II) (mv)

solution (ml)

--

REGULAR TITRATION
Volume of Potential
iron(II) (mv)

solution (ml)

-,
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l
I
I
I
I
I

'¥

I
I
I
I

'V'

Volume of iron(II) against mixture
of permanganate and vanadate

solution ~

Where V2 = Volume ofiron(II) solution (from first end point) = ml

N2= Normality of iron(II) solution = N

V3= Volume of permanganate solution (mixture) = 10.0ml

N3 =Normality of permanganate in the mixture = ?

VN
Therefore N3 == _2 _2 =, V

3
= N

Amount of manganese present in the given 100ml solution =

Normality of the given Mn(VII) ion solution x Eg. wt. of manganese x Volume of the given solution
1000

= N3 xI0.988xI00_=
1000 --g
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We know that

Where V2= Volume ofiron(II) solution (from second end point) = .ml

N2=Normality of iron(II) solution = N

V4= Volume of vanadate solution (mixture) = 10.0ml

N4=Normality of vanadate in the mixture = ?

= N

Amount of vanadium(V) present in the given 100ml solution

= Normality of the given vanadate ion solution x Eq.wt.of vanadium xVolume of the given solution
1000

= N4 x50.95xl00 =
1000· ---g

•
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ESTIMATION OF CHLORIDE AND IODIDE
BY POTENTIOMETRIC TITRATION

Experiment

AIM:
To determine the amounts of chloride and iodide present in the given solution with silver

nitrate solution potentiometrically.

APPARATUS:
Burette, volumetric flasks (250ml), beaker(250ml) , salt bridge.

CHEMICALS REQUIRED:
Potassium chloride, potassium iodide, silver nitrate, ammonium nitrate, agar-agar.

PRINCIPLE:

When two ions A-, A'- are present in a solution and if both form sparingly soluble salts
BA and BA', then salt which has less solubility will be precipitated first.

The solubility product of Agel, SAgel:=l.~ X 10-10 and AgI, SAgl= 1.7 X 10.16• Since the
solubility product of AgI is less than that of AgCl, AgI will get precipitated first and after the
first equivalence point Agel begins to get precipitated.

REAGENTS:
Stock potassium cbloride Solution:

A 0.2N solution of potassium chloride is prepared by dissolving 1.491g of potassium
chloride in 100ml distilled water.

Stock potassium iodide solution:
A 0.2N solution of potassium iodide is prepared by dissolving 3.32g of potassium iodide

in 100mlof distilled water.

From these two stock solutions, O.OINpotassium chloride and O.OINpotassium iodide
solutions are prepared.
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Working potassium iodide solution:
A O.OINsolution of potassium iodide is prepared by diluting 25 ml of stock potassium

iodide solution to 500ml in a volumetric flask.

Silver nitrate solution:
To prepare O.OINAgN03 solution 0.8495 g of AgN03 is dissolved in 500ml of distilled

water and is standardized against standard potassium iodide solution.

Salt Bridge: Ammonium nitrate in agar-agar.

Preparation salt bridge:
It is usually more convenient to employ a gel formed from 3% agar in saturated

ammonium nitrate solution, the so called agar - ammonium nitrate bridge. The gel is prepared by
heating 3g of agar in 100ml of water saturated with ammonium nitrate until all has dissolved and
the solution is clear. The narrow U shaped tubes are filled by suction with the warm solution.
Upon the cooling the solution sets to a gel.The open ends of U tube shall be kept in a saturated
ammonium nitrate solution when not in use for prolonged periods.

Note: Alternatively saturated ammonium nitrate solution may be filled in,
salt bridge.

sintered disk

PROCEDURE: c_
• J

Standardisation of silver nitrate solution:
10.0 ml of standard iodide ions solution is pipetted out in to a 250ml beaker, and the

solution is diluted to about 50ml with distilled water. A bright' Ag' electrode is used as an
indicator electrode here which is connected to the negative terminal of potentiometer, through
salt bridge, calomel electrode is connected to the positive terminal of the potentiometer. The
beaker is wrapped with a black paper. Standardised silver nitrate is added from a burette. As the
titration proceeds the potential changes from negative to positive values. Then the connections
are reversed. Near the equivalence point silver nitrate is added dropwise. The jump corresponds
to the complete precipitation of silver iodide.
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Even other wise in the recent electronic potentiometers supplied by the commercial
agencies LCD display is there and hence it depicts -ve values of potentials during iodide
precipitation and jumps on to the positive 'sidewhere +ve potenitials are depicted.

Note: in such case the terminals can be connected as usual i.e. silver electrode to the
positive terminal and calomel electrode to the negative terminal of the potentiometer.

A graph is drawn by taking the volume(preferably amount) of silver nitrate on x-axis and.
corresponding potential on y-axis. The sudden jump in potential gives the end point from which
the concentration of silver nitrate is calculated.

. Determination of chloride and iodide:
10.0 ml of chloride and iodide ions mixture is pipetted out in to a 250ml beaker and the

solution is diluted to about 50ml with distilled water. A bright 'Ag' electrode is used as an
indicator electrode here which is connected to the negative terminal of potentiometer, through
salt bridge, calomel electrode is connected which is connected to the positive terminal of the
potentiometer. The beaker is wrapped with a black paper. Standardised silver nitrate is added
from a burette, As the titration proceeds the potential change from negative to positive values.
Then the connections are reversed. Near the equivalence point silver nitrate is added dropwise.
The first jump corresponds to the complete precipitation of silver iodide. Then as the titration
proceeds silver chloride precipitates and again Withone drop of silver nitrate a second jump in
potential is obtained which corresponds to precipitation of silver chloride.

A graph is drawn by. taking the volume of silver nitrate on x-axis and corresponding
potentials on y-axis. The sudden jumps in potential gives the end points.

Report:
The amounts of chloride and iodide present in the given 100ml solution are and

____ g respectively.
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OBSERVATIONS AND CALCULATION$: •

Standardisation of lilver nitrate lolutio.:

VI = Volume of standard potassium iodide solution = 10.0 mL _

PILOT TITRATION I

Volume of Potential
AIN03(ml) (mv) /

r--"

REGULAR TITRATION
Volume of Potential
ARN03(ml) (mv)

_-
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t
-a.... _
C :>
B a
0-
~

Volume of AgN03
against KI sol. ~

Weknowthat

. Where VI = Volume of standard potassium iodide solution = 10.0ml

NI= Normality of standard potassium iodide solution = 0.01 N

V2= Volume of silver nitrate solution = ml

N2=Normality of silver nitrate solution = ?

V.NTherefore N2= _1 _1 =, v. .
2
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Standardisation of silver nitrate solution:

V3 = Volume of mixture of chloride and iodide solution = 10.0ml
i

PILOT TITRATION
Volume of Potential
A2N03 (ml) (mv)

I

,

REGULAR TITRATION
Volume of Potential
A2N03(ml) (mv)

-
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Volume of AgNO.3against mixture of
chloride and iodide sol ~

Estimation of amount of iodide present in the given solution:

We know that

Where V2= Volume of silver nitrate solution (from first end point) = ml

N2= Normality of silver nitrate solution = N---

V3= Volume of iodide ions solution (mixture) = 10.0ml

N3=Normality of iodide ions in the mixture = ?

VNTherefore N3= _2 _2 =, V
3

= N

Amount ofiodide present in the given 100ml solution =

Normality of the given iodide ion 'solutionx Eq.wt. of iodine x Volume of the given solution
1000

= N3 x126.91xlOO =
1000 ----'--g
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Estimation of amount of chloride present in the given solution:

VNTherefore N4= _2 _2 =, V
4

= ml

= N

'= 10.,0ml

= ?

= N

Where V2= Volume of silver nitrate solution (from second end point)

N~= Normality of silver nitrate solution

V4= Volume of chloride ions solution (mixture)

N4= Normality of chloride ions in the mixture

Amount of chloride present in the given 100ml solution =

Normality of the given chloride ion solution x Eq.wt.of iodine x Volume of the given solution
1000

= N4 x 35.457x 100 =
1000 --g

Report:

Amount of chloride present in the given solution = g

Amount of iodide present in the given solution = g



Experiment,UNIT

~

CONDUCTOM:ETRlC DETERM,INATION OF
STRONG A.CID AN'D WEAK ACID IN A

MIXt"'~~:WITH STRONG BAS':

AIM:
To determine the strength of a strong acid (hydrochloric acid) and a weak 'acid (acetic

acid) in the given mixture.

APPARATU&:
Burette, volumetric flasks (250ml), beaker(250 ml)

CHEMICA~S REQUIRED:
Sodium hydroxide, oxalic acid, hydrochloric acid, acetic acid, phenolphthalein indicator.

THEORY:
This type of titration is Jus~a combination of two separate titrations viz., Hel against

NaOH and CH3COOH agllipst NaOH. By adding alkali to the mixture, the conductivity of the
solution decreases due to th.~r.epl~eJllent of H+ ions from the strong acid, It then increases as
the weak acid is converted into 8aI~and finally rises more steeply as excess of alkali is added.. . . . .

A curve is plotted with. conductivlty'as ordinate(y-axis) against volume of alkali added as
abscissa (x-axis). It is observed that there is a rounding off at both the end points, Usually
extrapolation of the straight tines' of the three branches would lead to a definite location of the
end points. It must be noted ~t the flrst end point will be that of hydrochloric acid (strong)
while the second is for that of acetic acid (weak).

PREPARATION OF RE~G.:f:NTS: __...-/

Preparation ,of d.o~ble ~.~til,l.ed",ater (toDd uetivlty water):'
Ordinary distilled water ,pQS$~ large conductance due to materials dissolved from the

". . - .

container and also due to the presence of carbondioxide and ammonia dissolved from the air. So
it is quite unsuitable for conductivity measurements, Hence conductivity water must be used. It
can be prepared by the distillgtion of about 2 liters ~f distilled water in which about 8 to 10
crystals of potassium 'permanB~ate and 2 to 3 crystals of sodium hydroxide are added. The
contents are boiled fur about 10 to; 1S minutes and the distillation is carried out. Discarding the
head and tail .p~rtio~jsthe water Y,~POur;(sf~~) coming.out of the outlet of flask are condensed
and collected into ground jO)At bottles. It ~hould not be preserved more than ~ week and hence a
freshly prepared conductivity waterhas to.tje'used. ' ,." ; I ., • , . .

----------------------- -- --- - ,
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Preparation of standard nxalic acid solution (O.lN): .-'
About 3.l5 g of oxalic acid dihydrate { (COOH)2.2H20} is weighed accurately and

dissolved in small amount of distilled water and made upto the mark in a 250 ml volumetric
flask.

Preparation of sodium hydroxide (O.lN):
About one gram of sodium hydroxide is dissolved in small amount of water and diluted

to 250ml an.I it is standardized against standard oxalic acid solution.

PROCED1: RE:

Standardisation of sodium hydroxide solution: ,
10.0 ml of oxalic acid is pipetted out into a conical flask and it is diluted to 30ml with

distilled water. To the solution two or three drops of phenolphthalein indicator is added and then
titrated against sodium hydroxide taken in a burette. The end point is colourless to pale pink.
The experiment is repeated until concurrent readings are obtained.

Determination of strength of hydrochloric acid and acetic acid:
10.0 :nl of the given mixture of hydrochloric acid and acetic acid is pipetted out into a

400ml beaker and about 100 ml of distilled water is added. The electrode of the cell is dipped in
the solution of mixture. The beaker is placed in a water bath to maintain constant temperature. .

The conductivity of the solution is noted before adding the alkali. Then standardized
sodium hydroxide is added from a burette with 1ml increment and the conductivities are .noted
while shaking thoroughly the contents of'the beaker during the addition. Near the equivalence
sodium hydroxide is added dropwise. To get a neat curve the titration is continued with a few
more increments.

The values of observed conductivity are plotted as ordinate against volume of sodium
hydroxide added as abscissa, The concentrations of hydrochloric acid and acetic acid are
determined using the end points from the graph.

Precautions:
1. After each addition of the titrant from the burette, the solution should be thoroughly stirred

for about a minute and then the reading should be taken.
2. Just before and after the end point, the addition of titrant should be in as small fractions as

possible.

, Report: The strength of each acid in the give mixture is:
(i) hydrochloric acid = g/lit
(ii) acetic acid = g/lit.
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Observations and calculations:

N N ality f ali id luti Amount of oxalic acid 1000I = orm I 0 ox ICaCI so unon = . x __
63.035 250

= N

Standardisation of sodium hydroxide solution:

Volume of oxalic acid Burette readings Volume of NaOHS. No.
solution (Vl ml)(VI ml) Initial Final

1. 20.0
2. 20.0
3. 20.0

where VI = Volume of oxalic acid solution =20.0 ml

NI :=Normality of oxalic acid solution =.___ N
I'~

= ml .V2=Volume of sodium hydroxide solution

N2= Normality of sodium hydroxide solution = ?

V.NTherefore N2= _1_1 =, V.
2

= N
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. Determination of strength of hydroc~lpric aci~ "nd ~te'icacld:

L: . " .' i .,' . .
V3 =Volume of mixture of hydrochloric acid and acetic ~9d solution ~==10.0 ml

j

•

PILOT TITRATION (.)
Volume of Conductivity P

NaOH(ml) (ohm-I)

0

,

'.
.
(, ~) .. '-: .

.
.

c

c

0 0

,:REGULAR TITRATION

o

Vql.llm' of
NaGH' ml
()

o

o

o
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Determination of amount of acetic acid:

We know that

Where V2= Volume of sodiuin hydroxide solution (from second equivalence point) = __ ml

N2= Normality of sodium hydroxide solution = N

V4 = Volume of acetic acid solution (mixture) = 10.0ml

N4= Normality of acetic acid in the mixture = ?

VN .
Therefore, N4 = _2 _2 =

V4

= N

Strength of acetic acid = Normality of acetic acid solution x Eq.Wt. of acetic acid

Note: The mixture of HCI and CH3COOH shall be prepared in such a way that the first
equivalence point will lie near about the addition of Sml, while the second equivalence point
will be near about addition of another Sml (10ml) of sodium hydroxide.
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~

Experiment
~HMETRIC.DETERMINATION OF

AN ORGANIC ACID

AIM:
To determine the strength of an organic acid (acetic acid) using pH meter.

APPARATUS:
Burette, volumetric flasks (250ml), beaker(250 ml)

CHEMICALS REQUIRED:
Sodium hydroxide, oxalic acid, acetic acid, phenolphthalein indicator.

THEORY:
When an alkali is added to an acid solution, the pH of the solution increases slowly, but

at the vicinity of the equivalence point, the rate of change of pH of the solution is very rapid.
From the sharp break in the curve, we can find the equivalence point, from which the strength
can be calculated by usual mathematical relation VI N I = V2 N2.

Preparation of standard oxalic acid solution (O.lN):
About 1.5759 g of oxalic acid dihydrate [(COOH)2.2H20l is weighed accurately and

dissolved in small amount of distilled water and made upto the mark in a 250 ml volumetric
flask. .

Preparation of sodium hydroxide (O.lN):
About one gram of sodium hydroxide is dissolved in small amount of water and diluted

to 250ml and it is standardized against standard oxalic acid solution.

PROCEDURE:

Standardisation of sodium hydroxide solution:
10.0 ml of oxalic acid is pipetted out into a conical flask and it is diluted to 30ml with

distilled water. To the solution two or three drops of phenolphthalein indicator are added and
then titrated against sodium hydroxide taken in a burette. The end point is colourless to pale
pink. The experiment is repeated until concurrent readings are obtained.



, PRACTIC~~UA&..._·- ,--------~.l!!l..>......'-------.;...-- pH metric titration

Deter-mi~ation of streJgth of acetic acid:
The pH meter is standardized first against a buffer of known pH. The glass electrode and

reference electrodes are washed with distilled water.

10.0ml of the given acetic acid solution is pi~tted out into a l00m1 beaker and about 40
ml of distilled water is added so that the tips of glass electrode as well as the reference electrode
are completely immersed in solution. The pH of the' solution is noted before adding the alkali.
Then standardized sodium hydroxide is added from a burette With lml increment and the
~eadings(PH) are noted while shaking thoroughly the contents of the beaker during the addition.
Near the equivalence point sodium hydroxide is added dropwtse. To get a neat curve titration is
continued with a few more increments.

A curve is plotted with pH values as ordinate ~d t11~vplume of alkali added as abscissa
The concentrations of acetic acid is determined using Ute'en4'p.c)i~tfl'OD1the graph.

Precautions:
1. After the each addition of the titrant from the burette. ~e solution should be thoroughly

stirred for about a minute and then the iiading:should be tak~B; ~ ..
2. Just before and' after the end point, the addition:of tni~t sbOufdbe of as small fractions as

possible. ~ ," ~~,
3. The temperature control knob of the pH mete1':sp.outdbe~~~ed to &heroom temperature.
4. The pH meter should be first standardized by takini' buffersolution of known pH.

Report: The strength of_~ceticacid is : ' glUt', '
,t '



CENTRE FOR DISTANCE EDUCATION ------il!!!ll-------~-,'~ha(y.N.~rjuna Univer:ii'/-

OBSERVATIONS AND CALCULATIONS:

N N. al' ',.ty f; ali id 1 ti . Amount of oxalic acid 100.01= orm' 1 0 OX lC aCl so u on = . ' .•.. . . ' 'X __,..."...;.
'. ," Eq. wt.of oxalic acid 250.

Amount of oxalic acid 10.0..0= ". ' ·x...,........;..
63.0.35 250

= 'N

Standardisation of sodium hydroxide solution:

1.

Volume of oxalic acid
(VI ml)

20..0.

, Burette re~,diD,gs Volum,e of NaOH solutio'~
l--l-J.l.;.;..it-bl-l......_,r--~F...;..,i:....;.D..;_al--t", (V2 ~I)' . '. -'S. No.

2. 20..0.
3_ 20..0.

;-' .. _ '.

We know that VINl =V2N2
<,__----o.--

where VI.=Volume of oxalic acid solution = 20..0 ml

N 1 =Normality of oxalic acid solution
. J

= N

'V2 =Volume of sodiumhydroxide solution = ml'
j',.

, ,
I'. N2·= Normality of sodium hydroxide solution = ?

= N---"
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Determination of strength of acetic acid:

pH metric titration

V3 = Volume of acetie acid solution = 10.0 ml

PILOT TITRATION
Volume of pH"
NQOH(ml)

, ,

.

, ..•.

REGULAR TITRATION
Volume of pH
NaOH(ml)

.

.:
~

,
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We know that

Where V2= Volume of sodium hydroxide solution = ml

.N2=Normality ofs1dium hydroxide solution

V3= Volume of acetic acid solution (mixture).

= N

= 10.0 ml

N3= Normality of acetic acid in the mixture' =?

. VN'
Therefore N3= _"_2 _2 =, V

3

, '
= N

Strength of acetic acid = Normality of acetic acid solution x Eq.Wt. of acetic acid

= N3X 60 = g/lit

•

- ••.".,,~•• ,"'·'l·'iiI ,"_'
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