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BLOCK-I

PARTITION COEFFICIENT
Introduction

The system which consists of two or more phasesknewn as
heterogeneous system. The effect of pressure, tatope and concentration
the heterogeneous systenequilibrium is given by the phase rt

F=C-P+2
where, F is the number of degree of freedom, Gaesnumber of components
the system and P is the number of phases pr

The degree of freedom is defined as the minimum bmrnof variable
factors, such as temperature, pressure and coatienfr which must b
specified so that the remaining variables are aatmailly fixed and the syste
in equilibrium is completely defined. The numberagimponent in a system
equilibrium is the smalld¢ number of independent chemical constituents
means of which the composition of every phase @axpressed in the form
a chemical equation.

Principle

To a system of two liquid layers made up of two iistible or partially
miscible components, a third substance soluble in both the layer is ddd
distributes itself between the two layers in a migdi proportion. Such syster
follow the ‘Nernst distribution law’ according to hich the ratio of th
concentrations (c) of the solute distributitself between two solvents A and
is a constant (i.e) A/Cg =constant. Ususally, one of the liquids being orgj
and the other, water. The ratio is wrilas
CorfCag =K, the constant K is called tl

separating

distribution coefficient or the partitic funnel

coefficiert. This is a direct consequencethe akis liquid X
thermodynamic requirements for equilibriu liquid Y
If the solute undergoes any chemical chain dpcmcepiintit

any one of the phases ,the above lis

applicable to the concentration any §
particularspecies present in both the laters and not toafa ¢oncentration ¢
the substance.



Theory

When a system of two immiscible solvents in contaith each other, a
small quantity of solute which is soluble in botfe tsolvents is added, the solute
distribute itself between the two solvents in aimef proportion depending
upon its solubility. At equilibrium, the ratio oi¢ concentration (i.e. activities)
of the solute in two liquids is constant at a mautar temperature. This constant
is called as distribution co-efficient or partitiao-efficient. If G and G are
the concentrations of the solute in solvent 1 aatléquilibrium, then

G K (Constant)

2
The above law is called as Distribution law.

The law can also be represented as,

%= Constant
&
where, aand aare the activities of solute in two solvents.

The law is strictly obeyed only when there is nosoggtion or
dissociation of the solute in any of the two sotgenf both the solvents are
saturated with the solute, then the terms,a@d G may be replaced by
respective solubilities,:&nd S,

S_k
S,

Applications

1.Measure of the lipophilic character of the drug.
2.Solubility study.

3.Drug absorption in vivo can be predicted.



UNIT-I
PARTITION CO-EFFICIENT-I

PARTITION CO-EFFICIENT OF IODINE IN WATER/ CCI 4

Aim
(i) To determine the partition coefficient for the disition of iodine in carbon
tetrachloride and water.
(i) To find out the equilibrium constant of the reantio
KI+ 12 o Klz
(ii) To find out the strength of unknown Kl using eduwilum constant.

Principle

According to Nernst distribution law, when a soligeadded to a system
of two immiscible solvents, the solute will gettdisuted between two layers of
the solvent in a constant ratio at constant tempesaprovided there is no
dissociation or association of the solute. Theorad known as partition
coefficient. This principle is used in finding dire equilibrium constant and the
strength of the given KI.

Procedure
Standardisation of sodium thiosulphate

0.1N KoCr20O7 is prepared by weighing 0.49g of.®&r.0O7 crystals and
dissolved in 100ml of distilled water and made ugfte mark. 20 ml of this
solution is pipetted out in to a clean conical klakOml of dilute sulphuric acid
and 10ml of 10% Kl are added to the conical flasé atrated against thio (0.1
N) taken in the burette using starch as the indic&tarch is added only when
the solution becomes pale yellow in colour. Thepamak is the appearance of
green colour. 0.01 N thio is prepared by quanti&gatlilution and standardized
using the above procedure.

Preparation of reaction mixture bottles
Three stoppered bottles are taken. lodine in catbtmachloride, water
and Kl are mixed as per the following Table.



Bottle l2/ CCla
No. (ml) H>0(ml) KI (ml)

I 20 40 -
Il 20 - 40 (known

[l 20 -

40(unknown)

The three bottles are stoppered well and shakammechanical shaker for about
an hour. The contents of the bottle are allowedtémd for some time until it
separates into two layers. The lower layer is tlgawic layer (CG) and upper
layer is the aqueous layer (water). 5 ml of orgdayer is pipetted out in to a
clean conical flask from bottle A. 10ml of 10% Kl added to the conical flask
and titrated against the standard thio (0.1N) smiutaken in the burette using
starch as the indicator. 10 ml of aqueous laygigstted out in to a conical flask
and titrated against the standard thio (0.01N)tswiuaken in the burette using
starch as the indicator. Similar procedure is agpor all the bottles.

Observation and Calculation:
Normality of K.Cr,O; = _ Weight of K ,Cr, O, per litre
Equivalent weight of K,Cr, O,

ONormality of Ke:Cr207 = --------- N



Tablel

(Std. K2Cr207 vs Thio)

Indicator — Starch

S. _Volume Of. Burette reading (m Volume of thio | Concordant
No | Pipette solution| | i | Final (m) value (ml)
(ml)

Volume of std KCrO7; (Vi)

Normality of std KCr.O7 (N1)

Normality of thio (W)

Normality of thio (N) = V\1/N1

2

0 Normality of thio N) = N.

Tablell

Std. Thio vsBottle (20ml of 12/CCls+ 40ml of H20)

Indicator — Starch

S.N i\/ecﬂtems]glgzion Burette reading (m Volume of std | Concordant
o | PP () Initial Final thio (ml) value (ml)
1 10 ml of
' aqueous layer
5 5 ml of CCk
] layel
Tablelll

Std. Thio vsBottle I (20ml of 12/CCl4+ 40ml of 0.1M KIl) Indicator — Starch

S.N pip\)/e(?tllérgglﬁzion Burette readin(mi) Volume of std | Concordant
0 (mi) Initial Final thio (ml) value (ml)
1 10 ml of

' aqueous layer
5 5 ml of CCh
' layel




TablelV

Std. ThiovsBottle 111 (20ml of 12/CCl4+ 40ml of unknown Kil)

Indicator — Starch

S.N _Volume Of. Burette reading (m Volume of std | Concordant
0 p'pe“(iqf)o'“t'on Initial | Final thio (ml) value (ml)
1 10 ml of

' agueous layt

5 5 ml of CCh

' layel

( From Bottle |, Partition coefficient can be find out)

Strength of iodine in the organic layerj& Vinio X N thio/ Vorg.
Strength of iodine in the aqueous laye$)(€ Vinio X N thio/ Vag

O Partition coefficient () = Ci/ Cz

10




UNIT-II
PARTITION CO-EFFICIENT-II

From Bottle 1, the equilibrium constant for thereaction Kl + |2 « Kl3s, can
be calculated using the equation, K M—

][]

Vol. of thiox Normality of thio

Conc. of iodine in organic layer (CLE

5x2

= Camolesl/lit.

Concentration of iodine in agueous layer Val. of th'oxll\(l)orr;ahty of thio
X
= Csmolesl/lit.
. o C _
Concentration of free iodine in aqueous layer —= ~ [12]ree
Ko

C4= Total iodine in aqueous layer + Free iodine
Ca=[KI 3] + [I2]free
[Kl3] = Cs- gz]free
[Klg]= Ca- 2
Ko
Initial concentration of Kl sags= 0.1M
[KI] unreacted or equilibrium €s- [Kl 3]

[KI] equi= Cs —{ Ca— f&—ﬁ
Substituting the concentratlon the equilibriunmst@ant is found out.
_ ki

" = Tll]

O (%)
Keq=Ir L3 1|;,C

:
| \/D)

11



UNIT-1I
PARTITION CO-EFFICIENT-III

To findout the concentration of unknown Kl solutiiwom bottle Ill, same
procedure (calculation) is used. Since , K is kngtlva concentration of the
given KI, Gcan be calculated.

(O] o
X Jr”/ﬂ

3 K D) Ko

eq
From this equation, ££an be calculated.

Results:
1. Partition coefficient for distribution of iodine @CL and water (I§) =
2. Equilibrium constant of reaction =
3. Strength of unknown Kl =

12



BLOCK-2

CONDUCTOMETRIC TITRATIONS

INTRODUCTION
Conductometric titration is a laboratory methodgaantitative analysis used to

identify the concentration of a given analyte inmexture. Conductometric
titration involves the continuous addition of aatent to a reaction mixture and
the documentation of the corresponding change enethctrolytic conductivity
of the reaction mixture. It can be noted that thecteical conductivity of an
electrolytic solution is dependant on the numbefre¢ ions in the solution and

the charge corresponding to each of these ions

MalH + HCl — MaCl + H,O

T— HClI
£
conductivity é
meter ﬁ‘ =
S :
o lend point
o]
Il ——MaOH volume of HCI added

Principle
The principle of the conductometric titration presecan be stated as follows —

During a titration process, oneion isreplaced with another and the difference

13



in theionic conductivities of these ions directly impacts the overall electrolytic
conductivity of the solution.

Theory

The theory behind this type of titration stated tha end-point corresponding to
the titration process can be determined by meam®wductivity measurement.
For a neutralization reaction between an acid abdsa, the addition of the base
would lower conductivity of the solution initiallyThis is because the*Hbns
would be replaced by the cationic part of the base.

After the equivalence point is reached, the comaéinh of the ionic entities will
increase. This, in turn, increases the conductahtiee solution. Therefore, two
straight lines with opposite slopes will be obtaimeghen the conductance values
are plotted graphically. The point where these tlivees intersect is the
equivalence point.

Application

The method of conductometric titration is very uwsein the titration of
homogeneous suspensions or coloured solutions ex® ttitrations cannot be
done with the use of normal chemical indicators.

14



UNIT-4
CONDUCTOMETRIC TITRATION OF ACID VS BASE

1. CONDUCTOMETRIC TITRATION OF STRONG ACID vs
STRONG BASE
Aim:
To determine the strength of given hydrochloridamlution by
conductometric titration against standard sodiuairbyide solution.

Apparatus required:
Conductometric bridge, Conductivity cell etc.

Principle:

Initially when acid is taken in the beaker, it cans only H ions and ClI
ions. Since the Hions possess the greatest mobility, it follows thia¢
conductivity of this solution is mainly due to"ibns. As sodium hydroxide is
added, the Hions are removed as slightly ionized water. Theesfahe
conductivity will decrease, as Nins do not possess much mobility compared
to H". At the neutralization point, the solution contaMa and Clions and has
a considerably less conductivity than the origimalue. If a drop of sodium
hydroxide is added after the neutralization poititere will be a small
concentration of OHons further introduced and so the conductivityréases,
OH ions have the second highest mobility. As morewsodnydroxide is added,
the conductivity goes on increasing continuouslyenek on plotting the
conductivity values as ordinate against milli lioktitrant added as abscissa, we
get two straight lines, the point of intersectidnwhich gives the equivalence
point.

Procedure:

40ml of HCl is pipetted out into a dry beaker ahd tonductivity cell is
put into the solution. The standard alkali is takethe burette. A known volume
of alkali is added and the solution is stirred w&lhe specific conductivity is
measured. The titration is continued till the siolutbecomes distinctly basic in
character. The conductivity of the solution is mead periodically
corresponding to each addition. A graph is plotietiveen the volume of alkali
and the conductance. The volume of alkali neededdmplete neutralization is

15



read from the graph corresponding to the interseaif two distinct portions of
the conductivity curves. From this, the strengtlactl can be calculated.

Observation
Titration | Standardisation of NaOH

S.No | Volume of NaOH (ml) | Specific conductance(Scr?)

Calculation

Volume of HCI
Strength of HCI
Volume of NaOH
Strength of NaOH = ?

V1iN1 = V2N2

Nz = V1N1/V2
Strength of NaOH = N.

ml
N
ml

16



Model graph

Standardisation of NaOH

‘Scm-1)

Specific conductance

Volume of NaOH {ml)

Titration |l
Given HCI vs Std. NaOH

S.No | Volume of NaOH (ml) | Specific conductance (Scr?)

17



Calculation

Volume of NaOH = ml
Strength of NaOH = N
Volume of HCI ml

Strength of HCI ?
V1Ni1 =V2N2
N2  =ViNi/V>

Strength of HClI = N.
Model graph
Strong acid (given) vs. Strong base (Std.)
L k]
— E
T m
=T
o =
B
=
[
[
=
[
a
Ll
Volume of NaOH (ml)
Result:The strength of given HCl is N

18



2. CONDUCTOMETRIC TITRATION OF WEAK ACID Vs
STRONG BASE
Aim:
To determine the strength of acetic acid by titigit against strong alkali
conductometrically.

Apparatus required:
Conductometric bridge, conductivity cell etc.

Principle:

During the titration of acetic acid with NaOH, tlkalt CHCOONa is
formed. Inspite of the effect of common ion (neus@t, which is formed during
the first part of titration, tends to express tlomization of acetic acid still
present), the conductivity increases because timelumting power of highly
ionized salt exceeds that of weak acid. The comdticincreases more rapidly
after the endpoint is just passed, because of iégepce of hydroxyl ions from
the alkali added. Hence on plotting the condugtivialues as ordinate against
milli litre of titrant added as abscissa, we geb tetraight lines, the point of
intersection of which gives the equivalence point.

Procedure:

40ml of acetic acid is pipetted out into a dry beva&ind the conductivity
cell is put into the solution. The standard alksliaken in the burette. A known
volume of alkali is added and the solution is etirrwell. The specific
conductivity is measured. The titration is contidu#l the solution becomes
distinctly basic in character. The conductivity thfe solution is measured
periodically corresponding to each addition. A drap plotted between the
volume of alkali and the conductance and the volwhelkali needed for
complete neutralization is read as a point of seetion of two straight line
portions.

19



Observation
Titration | Standardisation of NaOH

S.No | Volume of NaOH (ml)

Specific conductance (Scr?)

Calculation
Volume of CHCOOH
Normality of CHCOOH
Volume of NaOH
Normality of NaOH
VN1

ml
N

mi
2

V2N2

N> = ViN1/V2

Normality of NaOH =--

------- N.

20




Model graph
Standardisation of NaOH

'Scm-1)

Specific conductance

Volume of NaOH {ml)

Titration |l
Given CHsCOOH vs Std.NaOH

S.No | Volume of NaOH (ml) | Specific conductance (Scr?)

21



Calculation

Volume of NaOH = mi
Strength of NaOH = N
Volume of CHCOOH = ml
Strength of CEHCOOH = ?
V1N1 = VaoN2
Nz = V1N1/ V2
Strength of CHCOOH = N.
Model graph
Weak acid (given) vs. Strong base (std.)
Ak}
—_— E
T m
ED
0 3
L.
=)
]
[
=
[
ak]
[ =R
)
Wolume of NaOH (ml)
Result:
The strength of given acetic acid is N

22



3. CONDUCTOMETRIC TITRATION OF MIXTURE OF ACIDS Vs
STRONG BASE
Aim:
To determine the mixture composition of acetic aid hydrochloric
acid by conductometric titration.

Apparatus required:
Conductometric bridge, Conductivity cell etc.

Principle:

When mixture solution of acetic acid and hydrociglcacid is titrated
against strong alkali NaOH, then strong acid (H@i) be neutralized first.
After the endpoint of strong acid, the weak acattstneutralizing with NaOH.
After complete neutralization of weak acid, the @dactance increases sharply
because of fast moving Ohkbns of strong alkali. The conductance titration
curve will have two breaks because of three intdnsg straight lines. First one
corresponds to the equivalence point of HCI andmsg¢hat of CHCOOH.

Procedure:

5 ml of HCI solution and 5 ml acetic acid (aboulN.each acid) is
pipetted out into a dry beaker. 40ml of distilledter is added to the beaker and
stirred well and the conductivity cell is put irttee solution. The standard alkali
is taken in the burette. A known volume of alkaliadded and the solution is
stirred well. The specific conductivity is measurd&ithe conductivity of the
solution is measured periodically correspondingeéeh addition of the alkali
from the burette. A graph is plotted between thedcetance and the volume of
alkali added.

Observation
Titration | Standardisation of NaOH
S.No | Volume of NaOH (ml) | Specific conductance (Scr?)

23



Calculation

Volume of HCI
Strength of HCI
Volume of NaOH

ml
N
ml

Strength of NaOH = ?

Strength of NaOH

Model graph

ViN1 = VoN2

N>  =ViNi1/V2
N.

Standardisation of NaOH

'Scm-1

Specific conductance

Volume of NaOH (ml)

24



Observation

Titration Il Mixture of acids vs Std. NaOH

S. No

Volume of NaOH (ml)

Specific conductance (Scr?)

Calculation:
Strength of HCI
Volume of NaOH
Strength of NaOH
Volume of HCI
Strength of HCI
ViN1
N2
Strength of HCI

Strength of CH3COOH
Volume of NaOH
Strength of NaOH
Volume of CHCOOH
Strength of CHCOOH

ml

V2N2
V1iN1/ V2

ml

ml

25




ViN1 = V2N2
N> = ViN1/ V2
Strengtho CH3;COOF = N.

Model graph
Mixture of acids (HCI + CH3COOH) vs Std. NaOH

[a k]
— E
. m
E D
L =
L, = .
=] R
O . D WoHICOOH
o W '
b=
[}
[a k]
[N
7y
Volume of MaOH (ml)
Vhal is the volume of HCI and

V cHzcooniS the volume of CECOOH

Results:
The strength of given HCl is N
The strength of given acetic acid is N
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UNIT-5

CONDUCTOMETRIC TITRATIONS OF MIXED
HALIDES
Aim:
To determine the strength of mixed halides by ceotwhaetric titration
using silver nitrate solution.

Apparatus required:
Conductivity bridge, Conductivity cell etc.

Principle:

The strength of silver nitrate is ten fold highlean that of the halides.
When a mixture of iodide and chloride is allowedéaact with silver nitrate,
first iodide precipitates for the reason of loweltudility and then chloride
gets precipitated. When studying the conductancethaf titration of
completion of iodide precipitation does not giveslaarp change but it is
observed only when both the ions gets precipitatedilver salts. To find the
individual concentration of halide, first the totablume of silver nitrate
required for both halides is found out and thenesgcof ammonia is added
before starting the titration which complexes cidlerand remains in solution
without precipitation, therefore the endpoint n@aue to iodide alone. So by
performing two separate titrations, the individaahcentrations of iodide and
chloride can be calculated.

Procedure:

40ml of given halide mixture is taken in a cleanalk and its
conductivity was measured. Silver nitrate takea iourette is added in 0.5m|
fractions. After each additions, stirred well ammhductance is measured. The
sharp peak indicate the completion of precipitabbboth iodide and chloride
ions. The total volume of AgN{Js found out from the graph plotted between
volume and conductance.

The same experiment is repeated by adding exceaswwionia to the
halide mixture before the addition of fraction o§MOs. A graph is drawn as
in the previous case and the volume of AgNfquired for iodide
precipitation is readout and the difference oftthe values gives the volume
of AgNGQOsrequired for chloride precipitation in solution.

27



Observation:

Titration — 1 Mixture of halides vs. AgN®
S. Volume of AgNG:s Specific conductance
No. added (Scnt)
(ml)

To find out the total volume of AgNGs

28




Som

i
LY

Epectfic conductancs

-

YVelome of AsNO; (ml)
Titration — Il Mixture of halides (with excess of ammonia) vs. AQN
S.No Volume of AgNGQ: Specific conductance
added (Scnth)
(ml)

Volume of AgNQGsrequired for iodide precipitation

29



I
Vo 7
2" End poi
1
Y nd peint
,

Specific Conductance (Sem™)

Veolome of AzNO; (ml

Calculation:
The total volume of AgN@= V1 ml (from graph)

Volume of AgNQrequired for iodide precipitation =2vnl (from graph)
Volume of AgNQ required for chloride precipitation (V) = (W2) ml

Results:
The concentration of KCI in solution is N
The concentration of Kl in solution is N

30



UNIT-6
CONDUCTIVITY TITRATION OF SOLUBILITY PRODUCT

Aim:
To determine the solubility product of silver chiter in water at room
temperature by conductivity measurement.

Apparatus required:
Conductivity bridge, Conductivity cell etc.

Principle:

The conductance method is applicable for finding ¢bncentration of
the saturated solution, provided that the saltas hydrolyzed and that the
solubility is not too high. It may then be assuntleat the ions possess their
limiting conductivities and equivalent conductivay infinite dilution may be
taken as the sum of the ionic conductivities. Heneeasurement of the
specific conductivity of the saturated solutiondgato a value for the
concentration. The specific conductance of the malbbtained from the
specific conductance of solution and that of water.

Procedure:

The conductivity of the water employed is deterrdinfgst. The
conductivity measurements are taken for freshlpared silver chloride. The
precipitate is thoroughly and repeatedly washeth @istilled water first and
then with conductivity water several times to remousll the soluble
impurities. The sparingly soluble salt is suspendedonductivity water
shaken well and measurement is done. The speafiductance of water
subtracted from that of the solution. The solupilé calculated by means of
the equation, ; — 100K

° C
where C is the solubility of the sparingly solublgalt in gram
equivalence/litre, K is the specific conductivity the sparingly soluble salt
and/, is obtained by the sum of ionic conductances e€siand chloride

ions. From solubility, solubility product is caletéd by (G C).

31



Results:
The solubility of the silver chloride = g.eq/l
Solubility product = .

32



UNIT-7
DETERMINE THE STRENGTH OF THE GIVEN SALT BY
CONDUCTOMETRIC TITRATION

Aim:
To estimate the concentrations of sulphuric aadtia acid and copper
sulphate in the given solution by conductomettiation method.

Apparatus required:
Conductivity bridge, Conductivity cell etc.

Principle:

When strong acid, weak acid and salt in a mixtueetérated against
strong alkali, then sulphuric acid being strongdaeill be neutralized first
and then conductance will fall rapidly. Then aceteid neutralizes, being a
weak acid, conductivity rises slowly. The slightiease in conductance is
due to incomplete dissociation of acetic acid. Fn&laOH reacts with
copper sulphate and precipitation reaction takasepas follows,

CuSQ + 2NaOH — Cu(OH)}+ NaSOu

The Cié*ions are replaced by slightly less mobile*ms and hence
conductivity decreases very slowly until the préeipon is complete. After
equivalence point, conductance increases rapiddytdudast moving OHons
by further addition of NaOH solution. Hence thedtiton curve will be
marked by three breaks. The three intersectiontp@ive volume of NaOH
required to neutralize 3$Qs, CHsCOOH and copper sulphate respectively.

Procedure:

5 ml of acetic acid solution, 5 ml of sulphuric @&olution and 5 ml of
copper sulphate solution are pipetted out into earcldry beaker. 35 ml of
distilled water is added and the conductivity @sllput into the solution. The
standard alkali is taken in the burette. A knowtuute of alkali is added and the
solution is stirred well. The specific conductivisymeasured. The conductivity
of the solution is measured periodically correspogdo each addition of the
alkali from the burette. A graph is plotted betweabe conductance and the
volume of alkali added.

33



Observation
Titration |  Standardisation of NaOH
S.No | Volume of NaOH (ml) | Specific conductance (Scr?)

Calculation:

Volume of HCI
Strength of HCI
Volume of NaOH
Strength of NaOH = ?

V1N = V2N2

N2=ViNi/ V2

Strength of NaOH = N.

ml
N
mi

34



Model graph
Standardisation of NaOH

'Scm-1)

Specific conductance

Volume of NaOH {ml)

Titration |l CuSQyvs Std. NaOH

S.No | Volume of NaOH (ml) | Specific conductance (Scr?)

35



Calculations:

Strength of H2SO4
Volume of NaOH = ml
Strength o NaOF- = N
Volume of H2SCs = m
Strength o H2SCs = 7
N2 =
Strength o H2SC4 = N.
Srength of CHsCOOH
Volume of NaOH = mi
Strength of NaOH = N
Volume of CHCOOH = mi
Strength of CHCOOH = ?
N2 = ViNi/ V2
Strength of CH3COOH = N.
Srength of CuSO4
Volume of NaOH = mi
Strength of NaOH = N
Volume of CuSQsalt = mi
Strength of CuSgxsalt = ?
N2 = ViNi/ V2
Strength of CuSQsalt = N.
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Model graph CuSQyvs Std. NaOH

'Scm-1)

Specific conductance

WVolume of NaOH (ml)

Where, M is the volume of LEEQy, V2is the volume of CECOOH and
V3zis the volume of CuSQ

Results:
Strength of sulphuric acid _=
Strength of acetic acid =
Strength of copper sulphate =

Z 2Z =z
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7. CONDUCTOMETRIC TITRATION OF BaCl 2vs MgSOQ:
Aim:

To determine the strength of the given MgS@lution using BaGlby
conductometric titration.

Apparatus required:
Conductivity bridge, Conductivity cell etc.

Principle:

When BaClis added to MgS%) BaSQiis precipitated with the
formation of MgCh.

MgSQs+ BaCk— BaSQ + MgCl:

The conductance of the solution varies graduallyaufhe endpoint. Beyond
the end point, conductance increases rapidly dueth® increasing
concentration of Ba@l Conductance is plotted against the volume of BacCl
added. The point of intersection of two lines givies endpoint from which
the strength of MgS@Qs calculated. BaGlis standardized using a standard
solution of MgSQof strength 0.02N.

Procedure:

A standard solution of MgS00.02N is accurately prepared. 10 ml
of this solution is taken in a clean beaker andtedd by adding water. A
conductivity cell is placed in the solution and t@nductance is measured.
BaCk solution is added from a burette in 0.2 ml portiéfter each addition,
the solution is stirred well and conductance is snead. The conductance
decreases and then increases. About equal numbeadings is taken after
the conductance begins to increase. Conductanuetied against volume of
BaCbhkto get two straight lines intersecting at a poiritis gives the end point.
From the volume of Baglits strength is calculated.

The given solution of MgS£)s made up to 100 ml. It is then titrated as

above against Baglin the burette. From the volume of BaChlnd its
strength, the strength of the given MgS0lution is calculated.
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Observation

Titration |  Standardisation of Bagl
S. No. | Volume of BaCk (ml) Specific conductance (Scm
)
Calculation

Volume of MgSQ =
Normality of MgSQ
Volume of BaC} =
Normality of BaCh

V1N1= V2N2
N2 =ViN1/ V2

Normality of BaC} =

39
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Model graph
Standardisation of BaCk

acm-1)

Specific conductance

Volume of BaCl: (ml)

Titration Il Given MgSQvs Std. BaCl
S. No. | Volume of BaCk (ml) Specific conductance (Scm

)

40



Calculation

Volume of BaCl = ml
Normality of BaCh= N
Volume of MgSQ = ml
Normality of MgSQ = ?
ViN1i= V2oN2
Nz = V1N1/ V2

Normality of MgSCs =

Model graph

Given MgSQO, vs Std.BaCh

'‘Scm-1

Specific conductance

Volume of BaCl: (ml)

Result:
The strength of the given MgS®olution =
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Block-3
Potentiometric titration

POTENTIOMETRIC TITRATION

Potentiometric titrations involve the measurement of the potential diffeeen
between two electrodes of a cell; conductometricattons, the electrical
conductance or resistance; amperometry titratitres,electric current passing
during the course of the titratidPotentiometry is an electrochemical technique
which involves charge transfer at zero faradaicenir In this method, the
electrode/electrolyte interface remains at dynaraguilibrium and hence
thermodynamic considerations of the electroactipeces through Nernst
equation is given by,

£+ 230RT |00

nF

Thus, the above equation enables the estimatioactiwity or concentration
through potential measurements. In practice, pmter@iry can be applied in
three different modes (a) direct potentiometry i)l point potentiometry (c)
Potentiometric titrations. Direct potentiometry ahves a single measurement of
potential. This method has two disadvantages,
(i) Junction potentials are also included in the mesbpotential values and
(i) Measured potential is determined by activity ratiwn concentration of the
species unless and otherwise the solution is eIypg.

Null point potentiometry involves measurement ofgmbial difference between
two half cells, one containing the unknown solutard the other containing a
known concentration (nearly as unknown) of the sapexies. In this, some of
the limitation occurred inthe direct

potentiometry are over come .Potentiometric
titration involves measurement of potential 235l
changes arising from the addition of reagents. e
Further this is not a single potential ’—l T
measurement and hence sensitivity is enhancec __:‘lrj.,i'll__:‘
The theory of potentiometric titration involves MH oo

that the indicator electrode’s potential response:
to be in the Nernstian manner to either the
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species being titrated or to the titrant specié® dlectrode is then serving as a
sensor whose potential is proportional to the
logarithm of the activity of the ions sensed which
in dilute solutions is proportional to its
concentration. The potential of the electrodg,...
changes rapidly in the immediate vicinity of theonnection -
equivalence point because the concentrations
change rapidly here. The electrode potential at any
point of the titration can be calculated by insmerti sawrated || ;
of the activities or concentration prevailing aeth ~ “""*¢“ 75 em
working electrode here. The same Nernst equation
will apply at all points along the titration curve — 28“i€
regardless whether it is before, after or at the aga
equivalence point.
Glass electrodes for pH measurement and i@ piug

selective electrodes for estimation of other———

different ionic species are based on the prinaiple i |
potentiometry.
Precipitation titrations:

Potentiometric precipitation titrations can be daled with electrodes that
follow the activities of anions or cations althouggttion-sensitive electrodes are
somewhat more common. Since the activity of thesisensed change very
significantly over the course of titration, effei stirring and drop wise
additions are to be done.

Complexometric titration:

Potentiometric complexometric titrations are gelermllowed with an
electrode sensitive to the activity of particulation, mostly an ion-selective
electrode. Such titrations are well-suited to pttenetric sensors because the
activity of the metal ion changes by orders of niagle that generally remains
well-defined, and are in analytical practice.

Redox titration:

Potentiometric titrations in which the stoichiometrreaction is an
oxidation-reduction reaction are normally followed@h an inert material. Since
an inert metal electrode responds to all redox lesupresent in the solution,
determinations along the course of titration ass Emple than for other types.
Limitations of potentiometric titrations:

"
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1. The first problem in potentiometric titration isoal chemical titration reaction.
Slow chemical reactions which are not unique to ploéentiometric titrations
will affect both precision and accuracy of thedtton. The general remedy for
this is possibly changing the reaction conditiansiake it fast.

2. The second problem that usually arises is the mpaeéntial. These
greatly arise only at the inert metal electrodekhoagh under unusual
conditions they can be observed at electrodeshardypes. These occurs when
two more potential — determining couples are presethe solution at the same
time and when the conditions in the solution arehsiinat these couples do not
rapidly reach equilibrium with each other. Thesa ba overcome by creating a
steady state potential that is not equilibrium ba tmmediate vicinity of the
electrode which may produce a stable potential.

3. The third problem in potentiometric titrations isat of electrode
polarization. Potentiometric measurements will diavinite but small amount
of current from the cell whose potential is beingasured. When this
measurement current is of the same order of madmiais that of the exchange
current of the potential determining couple, ogé&r enormous potentials will
be observed by the use of apparatus requiringdesent. But sometimes it is
necessary to change the electrode reaction to whéehklectrode is responding.
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Unit 7
1. POTENTIOMETRIC TITRATION OF STRONG ACID Vs
STRONG BASE

Aim:

To determine the concentration of the given stroagid by
potentiometrically using standard NaOH.
Apparatus required:

Potentiometer, Platinum electrode, Calomel eleetr&ilirette, Pipette,

Beaker etc.
Chemicals required:

0.1N HCI, 0.1N NaOH, Quinhydrone substance
Principle:
Quinhydrone electrode
It is very common and convenient electrode whicheigersible
with respect to hydrogen ions. Quinhydrone is a poumd
which in agueous solution forms equimolar quarditief (:j : 6;
qguinone (Q) and Hydroquinone (Qtby following reaction. g

Q+2H + 26 » QH2 "

The presence of platinum electrode in a solutiartaiaing
these two species forms a redox system. The hllicaa be
represented as Pt/ QHD, H (c), The potential E develops when inert electrode
l.e platinum is immersed in this system is giverN&rnst equation.

2.30RT [QH,]
nF [Q]| H* |2

2.30RT | [QH,] 2.30RT
2F ToIf 2F
The acid-base titration can be carried out by gaisretrically with an electrode
reversible with respect to hydrogen ion such asiwtggdrone electrode. It is
combined with a standard calomel electrode to fitrencell shown below.
(Pt) Q/QH, H' // KCI (say/Hg2Cl2/Hg

Crsnons Hydroguinone

E=E°+
E=E’+ og[H
Procedure:
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20ml of 0.1N HCI is taken in a clee
100ml beaker with a glass rod. T
solution is mixed with a pinch c
guinhydrone substance then platint
wire was introduced to it. This solutic
Is connected with saturated KCI solutic
through a salt bridge to avoid the liqu
junction  potential.  Then  caloms
electrode is dipped into saturated K
act as the reference electrode. Platin
electrode is connected to positi
terminal and calomel electrode is join
to negative terminal of th
potentiometer. In the burette, NaOH 1s
filled up to the mark and then add into HCI solatia 1ml intervals. For each
addition, the corresponding e.m.f. value is not&d.accurate measurement was
carried out by nothing the e.m.f. values for eadtiteon of 0.1ml portion of
NaOH near the equivalence point.

The equivalence point is determined from the ploe.on.f. against the
volume of alkali. Similarly, the strength of thevgh unknown is determined by
titrating it against standard NaOH solution.

Potetiomete

Saturated
calomel
electrode

tndicator electrode (Pt)

ation
Standardisation of NaOH

Volume | EMF | Volume | EMF AE AV | AE /AV Mean
of (mV) of (mV) (mV) | (ml) | (mV/ml) | volume
NaOH NaOH (ml)
(ml) (ml)
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Model graph (Standardisation of NaOH)

E
E
_ g|
”
Volume of NaCH (ml)
Mean volume (ml)
Calculation:
Volume of HCI () = ml
Strength of HCI (1) = N
Volume ofNaOH (V) = mi
Strength of NaOH (2) = N
Vi1Ni1= V2N2
N2 =ViNi/V2
Strength of NaOH = N.
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Unknown HCI vs Std. NaOH

Volume
of
NaOH
(ml)

EMF
(mV)

Volume
of
NaOH
(ml)

EMF
(mV)

AE
(mV)

AV
(ml)

AE AV
(mV/ml)

Mean
volume

(ml)
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Model graph Unknown HCI vs Std. NaOH

FEr e mliml

EMF (mV)

L

Volame of NaCH (ml)

Mean volume (mi

Calculation:

Volume of NaOH (\{)
Strength of NaOH (N
Volume of HCI (\b)
Strength of HCI ()

I
3

ViN1= V2N
N2> =ViN1/V2

Strength of HCI (given) = N.

Results:
The strength of NaOH = N

The strength of HCI = N
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2. POTENTIOMETRIC TITRATION OF WEAK ACID VS
STRONG BASE
Aim:
To determine the concentration of the given weakd aby
potentiometrically using standard NaOH.

Apparatus required:
Potentiometer, Platinum electrode, Calomel eleetr&ilirette, Pipette,
Beaker etc.

Chemicals required:
0.1N HCI, 0.1N NaOH, Quinhydrone substance

Principle:

Quinhydrone electrode is very common and convenient electrode which
Is reversible with respect to hydrogen ions. Qudrbye is a compound which
in aqueous solution forms equimolar quantities afingne (Q) and
Hydroquinone (QkE) by following reaction.

Q+2H + 26 » QH>

The presence of platinum electrode in a solutiontaiaing these two
species forms a redox system. The half cell carpesented as Pt/ QHQ, H'

(c ? The potential, E develops when an inert etele i.e. platinum is immersed
In this system is given by Nernst equation,

2.30RT [QH,]

ko oHef

2.30RT | [QH,] 2.30RT
2F —toI oF
The acid base titration can be carried out by pgmsretrically with an electrode
reversible with respect to hydrogen ion such asitgudrone electrode. It is
combined with a standard calomel electrode to fitrencell shown below.
(Pt) Q/QH, H' // KCI (sa/Hg2Cl2/Hg

E=E°+

E=E°+ og[H*[
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Procedure:

20ml of 0.1N of CHCOOH is taken in a clean 100ml beaker with a glass
rod. The solution is mixed with a pinch of quinhgde substance then platinum
wire was introduced to it. This solution is conmelwith saturated KCI solution,
through a salt bridge to avoid the liquid junctipotential. Then calomel
electrode was dipped into saturated KCl act agdference electrode. Platinum
electrode is connected to positive terminal aneroal electrode is joined to
negative terminal of the potentiometer. From theetia, NaOH is filled up to
the mark and then add into @EOOH solution in 1ml internals. For each
addition, the corresponding e.m.f. value was nokedm the e.m.f. values the
range of equilibrium point is known. An accurateasurement is carried out
by noting the e.m.f. values for each addition dindl. portion of NaOH near the
equivalence point.

The equivalence point is determined from the ploe.on.f. against the
volume of alkali. Similarly, the strength of thevgnh unknown is determined by
titrating it against standard NaOH solution.

Observation:
Standardisation of NaOH

Volume | EMF | Volume | EMF AE AV | AE /AV Mean
of (mV) of (mV) (mV) | (ml) | (mV/ml) | volume
NaOH NaOH (ml)
(ml) (ml)
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g
E
~ q
-
=
[ \_‘ L
Valume of NaQH ml)
Mean volume (mil
Calculation:
Volume of CHCOOH = ml
Normality of CHCOOH = N
Volume of NaOH = ml
Normality of NaOH = ?
ViN1 = VaoN2
:V1N1/V2
Normality of NaOH =
Unknown CHsCOOH vs Std. NaOH
Volume | EMF | Volume | EMF AE AV | AE /AV Mean
of (mV) of (mV) (mV) | (ml) | (mV/ml) | volume
NaOH NaOH (ml)

(mi)

(mi)
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Unknown CH3COOH vs Std. NaOH

FEr e mliml

EMF (mV)

L

Volume of NaCH (ml)

Mean valume (mll

Calculation:

Volume of NaOH

Strength of NaOH

Volume of CHCOOH

Strength of CHCOOH
VN1
N2

Strength of CRCOOH

ml
N
ml

?
V2N2
iN1/ V2
N.

I
< 1o

Results:
The strength of NaOH = N.
The strength of CECOOH = N.
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Unit 8

1. POTENTIOMETRIC TITRATION OF FAS Vs K 2CR207
(REDOX REACTION)

Aim:
To determine the concentration of ferrous ammorsuiphate using
standard KCr.O7 potentiometrically.

Apparatus required:
Potentiometer, Platinum electrode, Calomel eleetr&ilirette, Pipette,
Beaker etc.

Chemicals required:
Ferrous ammonium sulphate solution (0.1N), 0.1N.C#O; , 4N
H2SOs.

Theory:

Ferrous ion (F&) act as a reducing agent because it can loose one
electrode to be converted into ferric ion {feFerric ion act as oxidizing agent
because it can gain one electron, to be conventedlower oxidation state i.e.
ferrous state. If platinum electrode is dipped itlie solution containing P&
and Fé" ions, then it will acquire potential due to the dency of ions
converting from one oxidation state to another.

The potential observed due to the presence ofabhso oxidation states
of a substance is called redox potential. Theazall be represented as,

Hg, ngClz(c)/ KCl(sat)// Fé-‘-, Fg-‘-/ Pt

The e.m.f of the cell,
E=E _,, \—E..,
79 e
But,
E = E%re W 2.30RTlog [Fes+]

(Fe@%ey) \ /ées*} F [ 11_]—32*1
Fe™
e \+o.0591|g[ ]—E
- E (\ Fezée&}‘ 0 Fez+ calomel
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when KCr.07is added [F&€] decreases and Fancreases and as a result, the
e.m.f. of cell also increases.

At the end point, there is sudden increase of elpe¢ause of complete
oxidation of Fé*ions to Fé"ions. At half equivalence point [F§ = [Fe**] O
log 1= 0 Hence,

E =E%, |-E

cell L Fe ) calomel
E= EO[FeZ*/F 3}} —0.246 at 25°C

E+ 0.246=E . )
Fe*
Procedure:
Standardization of K2Cr207
20 ml of 0.1N of ferrous ammonium sulphate solui®pipetted out into
clean 100 ml beaker and 20ml of 4NS@yis added to it. Then platinum
electrode is dipped into the solution, which is mected to positive terminal of
the potentiometer, calomel electrode [referencetrde] is dipped into
saturated KCI solution, which is joined to negateeminal ofthe potentiometer.

In the burette, the ¥Cr.O7 is filled upto the mark and then add into

ferrous ammonium sulphate solution with 1ml intérddne e.m.f value is
recorded to corresponding volume af3.0O- solution. The saturated KCI
solution is connected to the acidified ferrous amimm sulphate solution to
avoid the liquid junction potential.

A rough titration is carried out by adding 1ml digaot of the titrant and
the e.m.f. of the cell is measured after each andaf K-Cr-O7. The volume of
the titrant giving the maximum change of e.m.f. pquot of ‘X’ noted. The
content of the beaker is poured out. The beakeztheg with electrode is rinsed
with distilled water. The titration is repeated hva fresh 20ml of FAS solution
before noting the cell e.m.f. The titrant is coogd with 0.1 ml aliquot of the
titrant until a volume of (V+2) ml of the titrant.

A graph is plotted with cell e.m.f. against volumititrant added. The
steepest portion of the curve corresponding toetie point. To obtain a more
accurate end point, a graph change of e.m.f. denlGf the titrant against mean
volume of titrant is plotted. The resulting curnasha maximum at the end point.
The same above find procedure is adopted for detargiFAS solution.
Observation:
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Standardization of K.Cr.O7

Volume | EMF | Volume of | EMF | AE AV AE /AV | Mean
of (mV) | K2Cr207 (mV) | (mV) | (ml) | (mV/ml) | volume
K2Cr207 (ml) (ml)
(ml)
Calculation:
Volume of FAS = mi
Normality of FAS = N
Volume of K:Cr.0O7 = ml
Normality of KoCr.O7 = ?
ViN1 = VaN2
Nz = V1N1/V2
Normality of K2Cr20O7 = N.

Model graph

Standardisation of KoCr207
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EMF [m¥]

¥ ol FE o 1
olume o 2(:;2 : [ml])

Unknown FAS vs Std. KkCr207

ENELLYY (n¥ iml)

Mean Yolume [ml)

Volume | EMF | Volumeof | EMF | AE AV | AE/AV | Mean
of (mV) K2Cr207 (mV) | (mV) | (ml) | (mV/ml) | volume
K2Cr207 (ml) (ml)
(ml)
Calculation:
Volume of K:Cr.0O7 = ml
Normality of KoCr.O7 = N
Volume of FAS = ml
Normality of FAS = ?
ViN1 = VN2
N2 = ViNi/ V2
Normality of FAS = N.
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Unknown FAS vs Std. KkCr207

:

J

f J

R S
Yolume of K_Cr D [ml] HMean Yolume [ml])
Results:

The strength of KCr.07 = N.
The strength of FAS = N.
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2. POTENTIOMETRIC TITRATION OF FAS Vs KMNO 4
(REDOX REACTION)

Aim:
To determine the strength of ferrous ammonium stgplolution using
standard solution of KMngby potentiometry.

Apparatus required:
Potentiometer, Platinum electrode, Calomel eleetr@lirette, Pipette,
Beaker etc.

Chemicals required:
Ferrous ammonium sulphate solution (0.1N), 0.1N KMHSQy

Principle:
The potential of the metal electrode in a solutbiis own ions at 25°C
Is given by the expression,
£ = o4 0:0591
n
where E’is standard electrode potential of the metal

n is the valency of the ions and

C™is the ionic concentration.

For an oxidation and reduction system the potedeé&trmining factor is
the ratio of the concentration of the oxidized asduced forms of certain ionic
species. For the reaction,

Oxidized form + ne ~ Reduced form
The potential E acquired by the indicator electratd25°C is given by
£ = o4 00593, [0
n [red]

The potential of the immersed electrode is thudrotiad by the ratio of
these concentrations. During the oxidation of aicaty agent or reduction of an
oxidizing agent the ratio and therefore the potdrahanges more rapidly in the
vicinity of the end point of the titration. FAS WsMnOy titration can be
followed potentiometrically and the curve obtained characterized by the
sudden change of potential at the equivalence pdimd indicator electrode is

log C™
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usually a bright platinum electrode and the hallf uged along with this is the
calomel electrode.
Procedure:

20 ml of the solution of FAS prepared in diluteulric acid is pipetted
out into a beaker. The platinum electrode is dippetb the solution. Calomel
half cell is used which is connected by means satarated ammonium nitrate
salt bridge. Initial readings are found out. Patasspermanganate solution is
taken in the burette is added in 0.5 ml fractiond the mixture is stirred well.
The change in the reduction potential due to thdation of the ferrous sulfate
is reflected in the reading. Near the endpoint, dkelant is added in 0.2 ml
fractions and the readings are noted. Few moreingadre taken beyond the
equivalence point and a graph is drawn the volufrfeMnO4and the potential.
From the derivative graph drawn, the equivalenhpof KMnO4 for 20 ml of
FAS is found out and the strength of permanganaitgglbknown, the strength of
the FAS solution is calculated.

Observation:
Standardisation of KMnO4

Volume EMF | Volume of| EMF | AE AV AE /AV | Mean

of (mV) | KMnO 4 (mV) | (mV) | (ml) | (mV/ml) | volume
KMnO 4 (ml) (ml)
(ml)
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Calculation:
Volume of FAS
Normality of FAS
Volume of KMnQ
Normality of KMnQu

ViNi1

N2

Normality of KMnO4

Model graph

EMF inmV

?
V2oN2

ml
N

ml

ViN1/ V2
N.

Standardisation of KMnQOa4

L

Vimnos added (ml) (A)

Unknown FAS vs Std. KMnOq

F

AH
AL

-
L

Vimnos added (ml) (B)

Volume
of
KMnO 4
(ml)

EMF
(mV)

Volume
KMnO 4

(mi)

of

EMF
(mV)

AE
(mV)

AV
(ml)

AE AV
(mV/ml)

Mean
volume

(ml)
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Calculation:

Volume of KMnQy = ml
Normality of KMnQy = N
Volume of FAS = ml
Normality of FAS = ?
V1N = V2oN2
Nz = V1N1/ V2

Normality of FAS N.

Unknown FAS vs Std. KMnOq

EMF [n¥)

NE LYY (n¥ im])

¥Yolume of KMaO , [ml] Mean Yolume [ml)

Result:
The strength of FAS solution is N
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Unit 9
1. POTENTIOMETRIC TITRATION OF SIMPLE HALIDES

Aim:
To find out the strength of the given halide santby potentiometric
titration using standard silver nitrate solution.

Apparatus required:
Silver electrode, Standard Calomel electrode, Riotmeter etc.

Principle:
Silver ionizes to give
Ag - Ag't+ e
o RT
E=E°+ __log(C)
nF

The following cell is constructed,
Hg, Hg:Cl2, KCI (salt) // A/ Ag

Eows= E—-R

Where Eis the potential of the S%I%
E=E°+"log[Ag*]-E

F 1
Therefore when the halide is added to the systgmKel is added, Abis
removed as AgCl.

Procedure:

20 ml of KCI solution is taken in the beaker andlean Ag electrode is
kept in contact with the solution by dipping. Thieer electrode is connected to
the potentiometer. The half cell is connected wh#h standard calomel electrode
by means of ammonium nitrate salt bridge. Theahiteadings are noted and
silver nitrate is added in small quantities withrgtg. The e.m.f is determined
after each addition. Near the end point silveratdtis added in 0.2 ml fractions.

Graph was plotted for d&sagainst the volume of silver nitrate and from
the derivative graph end point is noted and thengtth of KCI is determined.

Result:
The strength of KCI solution = ---------------- N
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2. POTENTIOMETRIC TITRATION OF MIXTURE OF HALIDES

Aim:
To determine the strength of the halides in a metising standard silver
nitrate solution.

Apparatus required:
Silver electrode, Standard calomel electrode, Rioimeter etc.

Principle:

A mixture of iodide and chloride may be titratedttwAgNGs solution
potentiometrically using a silver electrode. Thstfpoint of the inflection is the
equivalence point of iodide ions and the secorttias for chlorine ion reaction.
The indicator electrode must be reversible to thkdbs and silver electrode
serves this purpose. The following cell is cond&d¢

Pt, Hg/HgCls), KCI// Ag* /Ag
(E1) (E)
Eobs= E —
=E°+R—Iog[Ag+]—E
F 1
Therefore when AgN@is added to the system, e.g. KCI, Kl etc., AgCI dud
is formed which in turn dissociates to produce® Agns and this becomes
reversible to the silver electrode.

Procedure:

The cell is set up and connections are made céyetalomel electrode is
used as the other half cell along with ammoniumatet salt bridge. At the
beginning of the titration calomel electrode isipes, while the silver electrode
dipping in the mixture of halides is negative. Wladinthe iodide ions have been
precipitated as Agl, the first equivalent poinhated and the electrode terminals
are reversed indicated by change in sign of eldetrpotential such that the
silver electrode becomes positive when the titraisobeing continued. 20 ml of
the mixture of the halides is taken in a beaker #uedclean silver electrode is
immersed in the solution. The e.m.f reading arertaés the volume of silver
nitrate added. The addition causes the e.m.f toig#aand consequently the
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e.m.fchanges are measured. The addition of silver aiigatarefully done such
that the equivalence points are clearly found out.

The volume of silver nitrate is plotted in a graggainst the e.m.f and the
first derivative graph of &svs volume of silver nitrate is made. Two maxima
are observed, one for the iodide and the othettirchloride ion. Knowing the
strength of silver nitrate, the strength of halidas be calculated.

Results:
Strength of iodide ion in the mixture _= N
Strength of chloride ion in the mixture = N
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Block-4
Chemical Kinetics and Spectrophotometric method

CHEMICAL KINETICS

l Chemical Kinetics

Concepts of Rxn Rates
First Order

| | |

Oth Order 2nd Order I nth Order

Order & Molecularity I
|

Mechanisms Steady State Approximation | Experimental Techniques

T-Dependence of Rxn Rates |

Chemical kineticsis the branch of chemistry that deals with thesate

velocity, at which a chemical reaction occurs alsd #ghe factors affecting the
rates. The wordKinetic” means the movement or change; here it referseo t
velocity of a reaction, which is the change in ¢tbacentration of a reactant or a
product with time. Kinetic investigation of a relact is usually carried out with
two main objectives in mind.

1. Analysis of the sequence of elementary reacticaditg to the overall
reaction. i.e. To arrive at the plausible reactisechanism.
2. Determination of absolute rate of the reaction.

68



Reactants—Products

This equation indicates that as the reaction psaeactants are consumed and
products are formed. Consequently, the progretiseafeaction can be followed
by monitoring the change in the concentration attants (decrease) or products
(increase).

The study of chemical kinetics includes the deteation of rate of
reaction. The velocity or rate of reaction providesry useful information
regarding nature and mechanism of chemical react#orchemical reaction
essentially involves the breaking of existing cheahibonds and formation of
new bonds. The formation of a bond liberates enevgye the breaking of a
bond requires absorption of energy. Like other ®roh energy, the chemical
energy may be converted into heat energy. The dmeaigy may be released or
absorbed when new substances are formed from #uting substances. Thus
the energy change during most of the chemical imacis measured in terms of
heat released or absorbed.

Some reactions are very fast. The rate of suchioeacis so high that it
cannot be easily determined in ordinary laboratbfg,time of such reaction is
being counted in terms of seconds or fraction obaeds.

There are some reactions which are found to be sk so that no
detectable change would be observed in the codirdays or months. Therefore
it will not be practically possible to study these extreme types of chemical
reaction in ordinary laboratory. There are somecg@sses which are having
measurable velocity of reaction and are accessibi&boratory.

Rate of reaction

The rate of a chemical reaction at a given tempeganay depend on the
concentration of one or more reactants and prodiitis representation of rate
of reaction in terms of concentration of the reatsas known as rate law. It is
also called as rate equation or rate expression.

The rate of chemical reaction is the rate at withehconcentration of
reacting substances vary with time and it is deshbie d_c

dt

The rate of reaction is proportional to concentrabf reactant. Therefore

_ dcy C
dt
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dc/dt=KC
K = rate constant.
The negative sign shows that the concentratioeadtants are decreasing with
time. If dx is the very small change in the concatidn of reactant with respect

to small interval of time, dt at that instant thbe rate of reaction = %,
t

Concentration of product dx is increasing with dt.

Order of reaction

The number of reacting molecules whose concentratiters as a result
of chemical change is termed as order of reacfibe. reactions are classified as
first order, second order and third order dependiuppn the number of
molecules undergoing change is one, two or threpedively. It is found that
all the molecules represented in chemical equati@reaction do not determine
the rate of reaction. Only those molecules whoseentration changes during
the reaction determine the rate and order of re@cti

Effect of temperature on rate of reaction

The rate of a chemical reaction is sensitive topemature. The rate of
reaction increases with temperature. The energwativation of a chemical
reaction can be known from the temperature coefiitcof the rate constant. The
energy of activation is the minimum thermal enewgych the molecules must
get before they undero the reaction. It means theuat of energy which the
reactants must absorb to pass over the activatedgerbarrier. It means
reactants do not pass directly to product but firay acquire necessary energy
to pass over an energy barrier known as activaegeé sr transition state. The
amount of energy which the reactants must absonats over this activated
energy barrier is known as activation energy.
The relation between rate constant and activatiergy given by Arrhenius is
as below:

_Ea

K=Ae
where A = frequency factor, R = Gas constant, Tbsdute temperature.
-E
0O logK=——>2—+logA
g 2.30RT g
-E
= 2 4
log K 5 30RT constant
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By plotting log K vs 1/T, the
value of energy of activatior
is calculated.

concentration

Determination of reaction
rate

time

The order of a reaction
depends upon the number of reactant species wilaishconvert into product.
The rate determining molecules need to be congidehgle determining the rate
of reaction. In the study of chemical kinetics,ateans are classified as zero
order, first order, and second order and so on.

Zero order reaction
A reaction is said to be zero order when its ratéendependent of the
concentration of reactants. It means that the guraton of reactants do not
change during the reaction. Therefore the rateattion is constant.
%= K, or Ko = X th
Where ¥ and x are the concentrations of the product ab#dgnning and at the
time t respectively. The dimensions ofd&e moles per litre per second.

First order reaction
When the rate of reaction depends upon concentratio only one
reactant, then the reaction is said to be firséord
A — Product
The rate of reaction is not uniform during the teac kinetics but it changes
with concentration of reactant. As the reactioncpemls, the concentration of
reactant decreases with time because the readtaméeidd up to convert into
product. Let ‘a’ be the initial concentration ofr@actant, A in gram moles per
liter. If x gram moles of it are converted into guet in time t, then rate of
reaction is directly proportional to the remainiogncentration of a reactant at
that time.
dx

Therefore - o (a-x)
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Integrating the equation

2.303log, @ | =Kt
G— Xj

2.303 a

OK = lo
t g‘ a—jx
For graphical method
K= 2303, a
t (a)x
0 log a__ Kt
Za—; 2.30¢
log a — log (a-x) = Kt
2.303

- Kt
log (a-X) =———+log a
g (a-x) 303" 09

We know that, y = mx + c. This equation represandgsraight line. Therefore,
plot log (a-x) vs t.

log {(a-x) Slope = -K Slope = kf=.303
T 2.303
log ﬂ

4]

Time ——>
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K =-2.303x slope (moles/ litre/ minutes)

Intercept = log a

Therefore anti-log value of intercept will givetiai concentration of the
reactant.

Second order reaction(when a# b)
When the rate of reaction depends upon concentrafibiwo reactants
then this reaction is said to be second order i@act
A + B — Product
The rate of reaction changes with change in conaton of two reactants.
Let a and b are the initial concentrations of A 8niespectively and x is
the decrease in each after time t. The remainingexrations of A and B will
be (a-x) and (b-x) respectively.
The rate of reaction is directly proportional taxcentration of both reactants.
dx
O = a(a-x)(b-x)
dt

ax _ _ B
E—K(a X)(b = X)

Integrating it
) a3
;ib[ln myaib{h ZJ = Kt

Kt=, 1 b(a - x
(a—b) Iny(h—x
_ 2.303 Iogb(a—x)

t(a-b) ~ a(b-x)

The rate constant can be calculated by using ¢hisidla when & b.

Eij

Graphical methods(when a# b)
k =-2.303, b(a-x)

= log
t(a-b) ~ a(b-x)
This can be written as
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a=b)K | _ ., bla=x)
| 2.303 a(b - x)
or [a=BK]_ o (a=x), b

2303J (b X) a

f(_)_a b)K 1 Iogbz Iog(—)'a_ 2

| 2. 303J a (b-x)
Or (a x) _[(a=b)K]
( L 2.303 |

t+|og—
y=mx+c

This represents a straight line, plqbg(ﬂ) Vs t.

b-x
Slope = (a=b)K -

2.303S % 2.303
Therefore, K :ope—. (litre/ mole/ unittime)

(a-b)

a
The intercept K :|09B

When a and b are initial concentrations of A anavBich are already known. In
this way the rate constant can be determined winen concentrations of
reactants, A and B are different.

Second order reaction (when a = b)

If there are two reactants A and B, but their alidioncentration are equal,
denoted by ‘a’

A + B — Product

The rate of reaction depends upon the concentrafibmo reactants. Let ‘a’
gram mole be the initial concentration of reactaAtand B and x gm mole is
the decrease in concentration of A and B in tinierheans x gram moles are
converted into product in time t. The remaining @amtration of each A and B
will be (a-x)

The rate of reactiondiis directly proportional to the concentration otlpo
dt

reactants.
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X 4 (a-x) (ax)

a
X=K (a-x?

at

Integrating it

X a
X . .
=" (litre/ mole/ min)

z_(a— xj

Graphical method
When the initial concentration of two reactantsegeal i.e. a = b then

oKk =1_ X
t a—X
Kt = X _l
a— X
1 1

O = =
r (a-x) KHa

We know that, y = mx + c. This equation représea straight line, plcig 1 )
a— X

vs t. Slope = K ( Rate constant) and interce%)t # means the reciprocal of
a

intercept will give value of initial concentratiohhis can give an idea about
correct locations of points on straight line graph.

Determination of order of reaction
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Order of reaction depends upon the number of m@&Epecies involved
in the reaction kinetics. There are specific equnstifor first order and second
order to determine rate constant. Therefore, ibbets necessary to find out
number of reacting species taking part in the kisetThere are following
methods to ascertain the order of reaction.

(1) Substitution method

The order of a chemical reaction can be determimgdneasuring the
concentration of the product or unreacted readcaulifferent intervals of time.
It means if ‘a’ is the initial concentration and-Xpis the concentration of
unreacted species after time t. Then these valgesubstituted in the equation
given below and order of reaction is ascertaindte &@quation which gives the
constant value of K, will be the order of reaction.

() K= 2303, 8 ... First reaction
. t a-)x
X .
(i) K== Second order reaction [when (a =
tag—x)
b)]. -
(i) K= 2.303 log b(a =) Second order reaction [when#£ab)].

t(a-b) a(b-x)

(2) Fractional change method

To generalize the formula for finding out orderreéction, consider time
required for half change in initial concentrationthe case of first order and
second order reactions.

For first order reaction

K = Z'fOBI a
a—)x
K= 2303~ a " when x =2
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K= ﬂ)’logZ

t
This shows that the time taken for the completibsame fraction of change is
independent of initial concentration of the reatfanthe first order reaction.
For second order reaction( when alz b)x

K="

t ia—xi
K-l_&al Sincex:;

“Taa-
2)

K=1

at
This shows that if the time taken for the completmf same fraction of the
change is reciprocal of first power of the init@ncentration. If the reaction is
third order then

k=1
a%t
If there is /' order of reaction, K _t i_l
a
t= 1
K.a™*

For " order reaction ifitand tare the times for half change in initial
concentration gand arespectively, then

(n— 1) _ logt,—logt,
loga,— loga,
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logt,—logt,

log a,—- log a,

Hence, to determine the order of reaction by thisthmd, two Kkinetic
experiments are performed by taking initial concaidns, aand a. Find out {
and tfor the change of same fraction of initial concatitms aand a. When

(a = b). Hence calculate order of reaction, n bggithe above formula.

n=1+
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UNIT-10

FIRST ORDER AND SECOND ORDER KINETICS OF HYDROLYSIS
OF ESTER
[ACID CATALYZED HYDROLYSIS OF AN ESTER]
(FIRST ORDER KINETICS)

Aim:
To find out the hydrolysis of an ester catalyzedhyacid.

Apparatus required:
Conical flasks, beakers, stop-watch, burettes ti@peetc.

Principle:

Hydrolysis of methyl acetate ester in aqueous &olus too slow to be
studied. Therefore, the reaction is catalyzed byngusO.5N HCI. The
concentration of water remains practically constiinheans that the reaction is
dependent only on one molecule. The reaction of tkinetics may be
represented as,

CH:COOCH; + H.0O — CHsCOOH + CHOH
- d_X: K [CH coocH][H O]
dt 3 3 2

Following the kinetic equation of first order,

K —2'303109 a

t a—X

where various notations have their usual signiftearsince acetic acid is
produced as a result of hydrolysis, the kineticgeaiction can be followed by
withdrawing a fixed volume of the reaction mixtui®m time to time and
titrating with a standard alkali. The titrate valigeequivalent to the sum of the
acid used as a catalyst which remains constanughiaut the acetic acid
produced during the reaction. The difference in titrate values at any time
after the commencement of the reaction and at gdmneencement gives the
formation of acetic acid and hence the amount athgheacetate hydrolysis at
that instant.

Since the reaction is catalyzed by theibhs, the rate is approximately
proportional to the concentration or more corretilyhe activity of Hions.
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Hence it may be assumed that rate constant ofetietion is catalyzed by equal
concentration of the acids are directly proportldnathe degree of dissociation
of respective acids. Thus the relative strengtiivien by,
Relative strength =Strengthof one acid
Strength of other acid

=a_K

a2 K2
where,a,anda, are the degrees of dissociation of two acids.andK, are the
rate constants in presence of ( equinormal solutfdhe respective acids) equal
volumes of the acids.

Procedure:

Place 5ml of methyl acetate ester and 100 ml of HBI in to two
separate bottles in a water bath to attain the dameerature. 5ml of reaction
mixture were withdrawn and a few pieces of ice taigswere added to freeze
the equilibrium. Now the solution is titrated agairNaOH solution using
phenolphthalein as indicator. Similar titration® aarried out after successive
intervals of 5, 10, 15, 20, 25, 30 and 35 minukes. infinite reading, pipette out
25 ml of reaction mixture in a dry conical flaskork it and keep in a hot water
for 45 minutes to complete the hydrolysis. Pipeité 5 ml of this reaction
mixture in a conical flask added 20 ml of waterldaled by 2-3 drops of
phenolphthalein. This infinite titrate reading alled infinite reading and shown

by V..
Observation:
Bottle A

S. | Time Volume _
No | (min) | XN v, v | viv | g |19 g | ST ER0 G0
1 0

2 5

3| 10

4 15

5| 20

6 | 25

7 | 30

80



35

© o
8

Model graph
Bottle A (First order kinetics)
il
rgl .
Tme [(min)
Bottle B
S. | Time Volume
No

(ml)

(min) of NaOH

V., Vo |log V..V
VaVo | VoV | o gv—w_vf

Kg=2.303log Vx-Vo

AWNPE

0
5
10
15

t Vo Vi
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20
25
3C
35

O©o00o~NO U1

Model graph
Bottle B (First order kinetics)

Time [(min)
Results:

() Ratio of acid strength by experimental method_=
(i) Ratio of acid strength by graphical method =
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[BASE CATALYZED HYDROLYSIS OF AN ESTER BY
TITRATION METHOD]
(SECOND ORDER KINETICS)

Aim:
To determine the order of saponification of etlggtate ester by sodium
hydroxide.

Apparatus required:
Conical flasks, beakers, stop-watch, burettes ti@pgeice, etc.

Principle:

Hydrolysis of ethyl acetate ester by sodium hydiexiis called
saponification. The velocity of saponification ippaoximately proportional to
the concentration of Otbns. Reaction of this kinetics is represented as,

CH3COO%H5+ NaOH— CHsCOONa + GHsOH
X =K [cH cooc H][NaoH] (Or)
3 2 5

dt
= K[CH,COOGH,]OH]|
The rate constant can be calculated by the formula,
_1 x
" tala-x

This formula can be used for direct calculatiorKofalue. For graphical method,
the formula is given as,

1
L =k+Z y=mx+cC
a-x a

Hydrolysis in presence of alkali is a second oréection because both ester and
OH ions are taking part in this reaction kineticsthé initial concentration of
the reacting substance are equal then formuladh)be used to calculate ‘k’
value directly where ‘a’ moles is the initial conteation of either the substance
and (a-x) is the concentration left behind unredctdter timet. The
concentration of sodium hydroxide decreases witte titherefore titrate reading
with HCl also decreases. The titrate reading iserakas (a-x). Initial
concentration of ‘a’ of NaOH can be determinedibwating 0.1N NaOH directly
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with 0.1N HCI. To determine the value of ‘k’ grapally formula (2) can be
employed by graph. k = Slope

Procedure:

Place 50 ml M/40 ethyl acetate solution and 50 miM340 NaOH
solution are taken in separate flasks and keptwatar bath at room temperature.
Now alkali is poured as rapidly as possible inteesolutions. After 3 minutes,
pipette out 10 ml of reaction mixture in ice colater and 20 ml M/40 HCI, the
excess of acid is back titrated by means of stahddkali solution. Similar
titrations are performed after successive intergdls, 10, 15, 20, 25 minutes.
Also the infinite reading is taken by warming th@usion and titrating in the
same way (V). Let the titrate value at anytime ‘t’ bei.VTitrate values will
increase as the concentration of NaOH gradually.fal

Observation:

Volume of ~

NaOH  V..Vo V..Vi ViVo  VtVo K=1 W.Vo

(ml) (Vo VO (Vo V) t (Vo - Vo) (Ve - V)
e VO Y- T litremol*mint
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Model graph

Second order kinetics

.
i
oA
o —
P e
i
-~
| I
Tme (min)
Results:
(i) Rate constant of theoretical value = litremoltmin?
(i) Rate constant of graphical value = litremoltmin?
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UNIT-11

KINETICS OF HYDROLYSIS OF ESTER BY
CONDUCTIVITY METHOD

Aim:
To determine the basic hydrolysis of etlagletate by conductivity
measurements.

Apparatus required:
Conductivity Bridge with cell, conical flasks, beak, stop-watch,
burettes, pipettes, volumetric flasks, etc.

Chemicals:
N/20 NaOH, N/100 NaOH, N/20 GGOOH , N/100 CBCOONa, N/5
ethyl acetate, phenolphthalein indicator.

Principle:

Basic hydrolysis of ethyl acetate is a second oréaction as acetate and
hydroxyl ions are taking part in reaction kinetids.means rate of reaction
depends upon these two species. The fast movingi@dd are replaced by
CHsCOO ions and therefore conductivity decreases witheti@onductivity
depends upon concentration and speed of ions treréfitial concentration
changes slowly and hence there is change in condyuotalue. Hence formula
for second order reaction can be used to calcudte constant. This type of
reaction kinetics is called saponification.

Procedure:

(1) Pipette out 20 ml of N/20 GJ&OOH solution in a conical flask. Add to it 2-
3 drops of phenolphthalein indicator and titratéhwi/20 NaOH solution.
Note down the volume of NaOH required to neutradisetic acid.

(2) Pipette out 20 ml of N/20 GEOOH solution again in a 100 ml volumetric
flask. Add to it the required volume of N/20 NaO#Hlwion to neutralise
completely the acid solution. Dilute the neutradiselution to 100 ml so that
normality of CHCOONa becomes equal to N/100 . Note down its
conductivity as & .
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(3) Find out conductivity of N/100 NaOH solution andmait as G.

(4) To start reaction kinetics, pipette out 5 ml of Nyl acetate and 25 ml
distiled water in a beaker. Take 20 ml of N/20 Naéidl 50 ml of distilled
water in another beaker. Keep these two beakdhemostat to attain same
temperature.

(5) Mix one solution into other and start a stop watechediately.

(6) Note down conductivity values for 5 minutes inténed time upto 30
minutes.

Observation

. Ci.C.,
o () o ¢ & G K=1_ GG
(ml) t (G-C)(C-C)
1 0
2 5
3 10
4 15
5 20
6 25
7 30
Calculation:
Rate constant can be measured by -1 __ X
ta(a-x)

where a = initial concentration, x = amount reactamverted into product in
time t.
As the conductivity is proportional to concentratmf reactants.
Therefore, a = (& \t/;o) , X = (G-C) and (a-x) = (€ Cx)
K= ! ( (Co _Ct)
t'C,-C.)C -C.)
For graphical use the expression for second osation can be expressed as

L kel
a— X a
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1 1

——— =Kt + ;
(Ct- Coo ) Co_ c:00
Hence, ! vs t and slope = K.
t T oo
Model graph
E:_IS
I-u
Time (tmin)
Results:
(i) Rate constant of theoretical value = litremoltmin?
(i) Rate constant of graphical value = litremoltmin?
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SPECTROPHOTOMETRY
Introduction

Spectrophotometry is a process where we measursdrion and
transmittance of monochromatic light in terms diaa@r a function of the ratio,
of the radiant power of the two beams as a funatiah spectral wave length.
These two beams may be separated in time, spdaetor

Lambert’'s law

This law states that when a monochromatic lighpasses through a
transparent medium, the rate of decrease in iritemsth the thickness of the
medium is proportional to the intensity of lighthi$ is equivalent to the
intensity of the emitted light decreases exponéntias the thickness of the
absorbing medium
increases arithmetically or
that any layer of given
thickness of the medium Iy I
absorbs the same fraction ™ =———

of the light incident upon Incident Light Transmitted Light
it. We may express the
law by the differential /
equation,
__dI: Kl
dt

wherel is the intensity of the incident light of wavelendt | is the thickness of
the medium and is the proportionality factor.
Integrating and putting | =,lwhen | = 0 we get,

I
In—==KI

l=1.¢e"
where }is the intensity of incident light falling upon tladsorbing medium of
thicknessl , It is the intensity of transmitted light and K is anstant for the

wavelength given and absorbing medium used.
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The ratio of ¥ lois the fraction of the incident light transmitteg & thickness
| of the medium and is termed as transmittanceeltgorocal §/ I:is the opacity
or the absorbance. Absorbance of the medium isidiyeA= log V/ I+.

Beer's law
The intensity of a beam of monochromatic light dases exponentially
as the concentration of absorbing substance inesesr#thmetically
|=1g*e

Where ‘c’ is the concentration and k’ is the const&ombining Beer’s law and
Lambert’s law we get,

|

log__° = acl

I,
where ‘a’ is called molar absorption coefficienel&ionship between the
absorbance A and transmittance T,
and molar absorption coefficient is Beer’'s Law

given by | I A = £bc
A=0cd =log_® =log_ = — logT
I, T

_ . ) Ll I datectar
where, O = molar absorptionll s o [
coefficient.

Deviation from Beer’s law

Beer’s law will generally hold over a wide rangeaaincentration if the
structure of the coloured ion or of the colourea-atectrolyte in the dissolved
state does not change with concentration. Smalluatnaf electrolytes, which do
not usually affect the light absorption, large amioof electrolytes may result in
a shift of the maximum absorption and may also gkathe value of extinction
coefficient. Discrepancies are usually found whike toloured state ionizes,
dissociates or associates in solution since ther@aif the species in solution
will vary with concentration. This law does not tiavhen the coloured solute
forms complexes, the composition of which depengdsnuthe concentration.
Also discrepancies may occur when monochromatit ignot used.

The behaviour of a substance can always be tegtptbtiing log b/ It or
log | /T against concentration. A straight line passimgugh the origin indicates
conformity to the law.
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Single beam spectrophotometer:

The major components used in the spectrophotorasteshown below;

0 %71 100
@ 50 0
\ -
of Wavelength .:',)—
Ak = ey | Sempte [——p| Detector
% o © [ ]

Source Signal Processor

and read-out

The schematic diagram of a single beam spectroptesnseshown below;

g

ir

Slit .
{"‘:{'..}t
S

i
Sourca Monochromator T

al k™!

Signal processer
T b \.-’.
Tungsten bty

vkl
lamp Reference

cell or
sample cell

The optical path is simply from the light sourceotigh the filter paper
and sample holder and to the detector. Light froenttingsten filament lamp in
the reflector is defined in area by fixed apertumeshe sample holder and
restricted to a desired bond of wavelength by aogdtion or interference filler.
After passing through the sample cuvette the liglitkes the surface of

photovoltaic cell, the output of which is measurbg the rugged spot
galvanometer.

Double beam spectrophotometer
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SPECTROPHOTOMETER =

Adpistalle apsture phororesisnc Dubput

Light source FC A |

ample armplifier

Manachramatorn Crreittn

The most modern general purpose ultraviolet/visgpectrometers are
double beam instruments which cover the range letv@®0 and 800nm, by a
continuous automatic scanning process producingpketrum as a pen trace on
calibrated chart paper.

In these instruments, the monochromated beam adtraw,from tungsten and
deuterium lamp sources is divided into two identizams, one of which passes
through the reference cell and other through thepsa cell. The signal for
absorption of the contents of the reference cedlu®matically subtracted from
that of the sample cell giving a net signal coroggpng for the components in
the sample solution.

Determination of Amax

The sample is exposed to the radiation of differealvelengths and
corresponding absorbance is noted. Then a graploited for wavelength vs
absorbance. The peak of the curve gives.thevalue.
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UNIT-12

DETERMINATION OF METAL BY COLORIMETER
Aim
To determine the amount of manganese present igivka steel sample.

Principle
Small quantities of manganese are determined oodtrically by
oxidation to permanganic acid. The oxidizing agenpotassium periodate. In
hot acid solution (nitric acid and sulphuric acpbriodate oxidizes manganese
ion quantitatively to permanganic acid.
2Mn** + 5104 +3Hz0 . 2MnOy +510'3+6H"

The merits of periodate method are;

A. The concentration of the acid has Thememeter®
little influence and may be varied

within wide limits.

B. The boiling may be prolonged

beyond the time necessary to oxidize
the manganese.

C. The permanganic acid solution

would be kept for several months,

unchanged if excess periodate was
present.

Wooden screen

Thermometer A
0

I — Stirrer
s B

Hypsometer

Solid

<
Lid
> i«
= -4

> <

Calorimeter

Determination of specific heat of solid by method of mixture

Procedure

Weigh accurately 0.0438g of Mn$@>0 and made upto mark in a 250
ml standard flask. From this solution, 10 ml iselaland 5 ml syrupy phosphoric
acid and 0.5g potassium periodate is added anédddr 10 minutes. It is
cooled and the solution is made upto the mark ih08 ml standard flask.
Various dilutions are prepared and the absorbanoeeasured at 545nm.

The given steel sample is weighed (to about 0.hd)dassolved in 20
ml of nitric acid, boiled for 1-2 minutes to expetides of nitrogen. To this , 5
ml syrupy phosphoric acid is added, followed by @.6f periodate, and boiled.
The solution is cooled and made upto mark in 250lask and absorbance is
noted.
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Observation

S.  Conc. of Mr?*in (mg) Wavelength in Absorbance
No. (nm)
Model graph

Determination of unknown concentration of Mn

= | S
f"? | -:r:

her |
|
I
|
L Concentration of Mvin (mg)

Wawvelength (nm)
Result:
The percentage of manganese in steel is %.
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UNIT-13
DETERMINATION OF IRON BY SPECTROPHOTOMETER METHOD

Aim
To determine the amount of iron present in thegiweater sample by
spectrophotometer method.

Principle

Potassium thiocyanate forms a complex with ironstrongly acidic
condition. KMnQ is added so that ferrous gets oxidized to ferriodtion in
acid medium. The colour of the complex is brightl rend absorbance is
measured at 480nm.

Procedure

Dissolve 7.022g of ferrous ammonium sulphate irtiliid water and
make up to 1000 ml standard flask. From this staalktion, take 1 to 5 ml of
standard Fe(NESQ: solution in different 100 ml standard flask andrapdof
0.1N KMnO4 solution and 2-4 ml of 20% potassiumotlyanate (KCNS)
solution and make up to 100 ml. Measure the coomdipg absorbance of the
respective solution at 480nm. Draw the calibrattonve with concentration of
iron vs absorbance.

Then the given sample is acidified with 1:1 HCI auiled a drop of 0.1N
KMnOg4 solution and 2-4 drops of 20% KCNS solution and enag to 100 ml.
Measure the absorbance. From the calibration cuheeconcentration of iron
for the given sample is calculated.

Observation:
S. No Conc. of Fé*(in mg) Absorbance
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Model graph

fix
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Concentration of Fe (mg)
Result
The given unknown contains.................... mg of iron.
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UNIT-14

DETERMINATION OF COPPER BY SPECTROPHOTOMETER
METHOD
Aim
To determine the amount of copper using EDTA bytpimetric titration.

Principle

In this experiment, EDTA is used as chelating reagat wavelength of
745nm and pH above 4, Cu-EDTA complex is formedfisst when only Cé'
Is present, absorbance is zero. On adding EDTAEDBTA complex is formed.
upon more and more addition of EDTA, there is amaase in absorbance. After
the equivalence point on further addition of EDTihere is no change in
absorbance.

Procedure

Pipette out 10 ml of standard €solution and transfer into a beaker. Add
20 ml of sodium acetate buffer and 120ml of watedt enix well. An aliquot is
taken in the cuvette and the absorbance is meastifed 745nm. Transfer the
solution to the beaker. Titrate with standard EDdi#d the absorbance is noted
for every 0.5 ml addition of EDTA. After the endptbithe absorbance becomes
fairly constant. Absorbance vs volume of titrantplstted and the endpoint is
calculated. From this, the amount of copper presesstimated.

Observation
S. Conc. of Ci¥*(inmg)  Volume of EDTA  Absorbance
No. (in ml)
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Model graph
Known Cu - EDTA
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Result:
The given unknown contains mg of copper.
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Applications of kinetics

The chemist uses kinetics to plan new and betterswd achieving desired

chemical reactions. This may involve in increading yield of desired products
or discovering a better catalyst. The mathematicatlels, which are used by
chemists and chemical engineer to predict chemikietics, provide

information to understand and describe chemicalcgsses such as ozone
depletion, waste water treatment, decaying of foadd vegetables,

microorganism growth, and the chemistry of bioladjicsystems. The

mathematical models can also be applied in thegdeand fabrication of

chemical reactors for optimization to get good djebetter separation of
products, and to eliminate environmentally hazasdogproducts.

Kinetics has an ample of applications in the fieldnedicine. Chemical kinetics
plays an important role in the administration ofigh, in addition to respiration
and metabolism mechanisms. For example, the meshanifor the
controlled/sustained release of drugs are basetherhalf-life period of the
substances used and sometimes the pH of the boaglbadHalf life period and
pH have an effect on the way in which dosages aterchined and prescribed.
The reaction rates and the conditions in whichréeetions occur are vital for
determining certain aspects of environmental ptaiec For example, the
depletion of ozone layer by chlorofluorocarbons @S} is best understood
through an analysis of catalyzed chemical reactions
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MODEL QUESTION PAPER
M.Sc CHEMISTRY (DDE) PRACTICAL EXAMINATION

2.6 - PHYSICAL CHEMISTRY PRACTICAL

Time: 6 hours Maximum marks: 100

o o

© N

9.

(Any one question to be given from electrochemica&xperiments or non-

electrochemical experiments for each student by Iadystem)

Determine the partition coefficient of iodine beemecarbon tetrachloride
and water.

Determine the partition coefficient for the distrilon of iodine between
carbon tetrachloride and water and find out theildgwm constant of
the reaction Kl +4 . Klz. And also find out the strength of unknown Ki
using equilibrium constant.

Estimate the strength of given HCI acid solutioB)(by conductometric
titration with NaOH solution (1A).

Estimate the strengths of the given mixture of iacatid and HCI acid
solutions (1B) by conductometric titration with Nid@olution (1A).
Determine the solubility product of Ba%ky conductivity method.
Estimate the strengths of the given mixture of dedi (1B) by
conductometric titration with NaOH solution (1A).

Find out the hydrolysis of methylacetate esterlgaéal by an acid.
Determine the order of saponification of ethyl atetwith NaOH

solution.

Prepare a standard solution of 2Fg¢___N) and estimate the strength of
KMnOgssolution (9A) by a potentiometric titration.

10.Prepare a standard solution of KCI(_N) and standardize the

given AgNQsolution 10A by potentiometric titration.

11.Determine the amount of iron present the given sample by

spectrophotometric method.

12. Determine the amount of manganese present ind¢eésample given
using the spectrophotometer method.
13. Determine the amount of copper using EDTA by phawia titration.
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14.  Determine the basic hydrolysis of ethyl acetatedryductivity
measurements
15. Prepare a standard solution ofHe__N) and estimate the strength of
K2Cr.0O7 solution (15A) by potentiometric titration

SCHEME OF VALUATION

1. Record note book 15 marks

2. Viva -voce 15 marks

3. Experimental procedure 15 marks

4. Execution of the experiments 20 marks

5. Processing the data, calculation and graph 10 marks

6. Results 25 marks
Total 100 marks

Marks Distribution for electrochemical experiment- results:

Less than 5% error 25 marks
5-7% error 15 marks
7- 8% error 10 marks
Greater than 8% 05 marks

*kkkk
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