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COURSE INTRODUCTION

It is advisable to complete CHE-03 (L) and CHE~04 courses beforc taking up
chemistry Lab-1V course. This course deals with cxperimeats in Physical Chemistry.
This 4—credit course consists of four blocks. In Block 1, we shall have a discussion ,
on the luboratory skills and lcchniqucs. Dala handling will also be discussed. The
use ol low-coslt instruments will be explained. In Block 2, the theoretical basis and

experimental details for some of the experiments concerning propertics of liquids
and thermochemistry will be discussed.

In Block 3, we shall see experiments pertaining to the study of one of the colligative,
properties, ionic equilibria, adsorption and phase cquilibria, In Block 4, we shal
discuss the cxperiments in chemical kinetics.

Alter studying the maierials in this course and performing the ex

periments
discussed in it, you should be able to:

®  cxplain the basicconeepts pertaining 1o surface lension, viscosity and Liennochemisiry,

® slate the principles involved in the measurement of PH and delermination of
solubility product. '

® draw phasc diagrams of eutectic system and partially miscible system which has = '
upper critical solution temperature, and

L

explain (he hasic concepts pertaining to chemical Kinetics, X i

.Study Guide ' l :

There ure around (weirty One experiments in this Lourse aparl from threc "
demonstration experiments. These cxperiments are to be performed in about two
wecks. The demonstration experiments will be performed by your counsellor. The

demonsiration experiments are aimed at acquainting you with the low-cost :
instruments. '

The gencral patiern of discussion of experiments in this course is similar 10 that of
CHE-13 (L) course. In this course, the performance of the experiments, recording
the data. calculations and expression of result afe 1o be dong as in CHE-03 (L)
vourse. As an additional feature., there is a discussion on significant figures in Unit

2. Tt is advisable 1hat you maintain significant figures in your calculations. The ' )
maintenance of laboratory note book may be done us per guidelines given in U~ )
ol this course. Remember that each cxperiment is going 1o be evaluated. He ”‘Fhis
rcad the blocks before going 10 the laboratory for performing the experi

will hetp you in doing the cxperiments in a proper way.
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BLOCK INTRODUCTION

In Block 1, we shall discuss the basic ideas related 1o laboratory techniques,
methods of using the experimental data for arriving at the desired result and the
.method of operation of low-cost instruments.

In Unit 1, we shall discuss some of the aspects regarding laboratory safcty and first

aid. We shall discuss how to weigh a sample, prepare a standard solution and, carry
out a litration. Heating methods will also be discussed.

In Unit 2, features regarding data handling will be explained. We shail first discuss
SI units of basic and derived physical quantities. The concept of significant figures
will be explained. Examples will be stated for maintaining significant figures during
addition, subtraction, muliiplication and division. Maintenance of laboratory
record also will be discussed. Tabulation of data and plotting of graphs will be
explained, '

In Unit, 3 the principles of colorimetry, 'conductomelry and potentiometry will be -
discussed. The use of fow-cost instruments such as colorimeter, conductometer and
mV/pH meter will be ilustrated through threec demonstration experiments.

Objectives

After studying this block, you should be al;le 10:

¢ cxplain the method of weighing a sample and preparing a standard solution,
& explain the principles of titrimetric analysis,

¢ discuss the various heating methods,

* cxplain the ST units of basic and derived physical guantilies,

* exﬁlain the concept of significant ligures,

® ‘maintain significant figures during calculations, and

' state the principles of colorimetry, conductometry and polentiometry.
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UNIT1 BASIC LABORATORY SKILLS

Structure
1.1 Introduction
- Ohbjectives _ _
1.2 Laboratory Safety and First Aid
1.3 Titrimetric Analysis
Types ol Titrations
Apparalus for Tilrimelfic A.malysis
Carrying out a Titralion
14  Weighing a.Substance
1.5 Expression of Concentration
1.6 Preparélion of Standard Solution
1.7 Titrimetric Calculations
1.8 Heating Methods '
1.9 Use of Thermometers
1.10  Filtration
111 Summary
1.12 . Answers
1.1 INTRODUCTION -

In this introductory unii, we shall describe some of the cxpcrimcn'tal techniques.
You are going to usc these techniques during this laboratory course. Therefore,
you must understand the principics behind these techriques. In some cases, the
required apparatus for an experimental technique will also be discussed.

We shall start with a discussion on laboralory safetly and first aid. We shall ¢xplain
the main features ol titrimeltric analysis. We shall then state the method of linding
the mass of a substance using an analytical balance; (his discussion will help you in
undcrsianding the method of preparation of standard solution. The usc of
thermometers will be illustraled “with reference (o the deiermination of melting
point of a substance. Finally the method of filtration will be explaingéd.

Objectives

Alter siudying this unit, you should be able lo:

slale the measures Lo be taken under laboratory salely and [(irsi gid,
explain the types ol titrations and Lhe principle of titrimetric analysis,
discuss the method of using an anal:;flical balance for weighing a subsiance,
staic the different ways of expressing the concentration,

explain the method of preparation of a standard solution

carry out titrimetric calculation using the given data,
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Laboratery Skills and
Technlgues

® slate the method of determination of melting point of a substance, and

® explain the technique, of filtration.

1.2 LABORATORY SAFETY AND FIRST AID N

Laboratory is a place for lcarning the cxperimental skills. You are strongly advised
to be carclul al alt times. It is reccommended not to perform unauthorised 1
experiments, This will ensure your safety as well as the safety of your i
fellow-students. Even a small accident involving minor injury must be reporied to

. the counsellor. The foliowing instructions should be observed during the laboratory
work. :

i) You must wear a laboratory coat or apron over your clothes while working in i
the chemistry laboratory. This will save you from injury and protect your i
clothes from damage. :

i) Handle the hot glass carefully; it cools very slowly and may be very hot
without appearing so. ' :

fii)  Protect your eyes from any spurting of acid or a corrosive chemical. In case
of such spurting into the cyes, immediately wash with lot of water and go o
a doclor,

Ao Mo S T=oIT

iv)  You must not reach across lighted burners as it may resull in an accident.
v) Wash your apparatus thoroughly with a washing powder.

vi)  While heating subsiances, do nal point the tube towards your neighbour or
lo yourself. A suddenly formed bubblc may ejcct the contents violently and
dangerously. '

vil}  When diluting sulphuric acid, pour the acid siowly and carefully into the
water with constant stirring. Never add water to the acid as it may result in
the liberation of 2 lot of heat.

B 1o

viit) Read (he label on the bottle carefully beforc using the required chemical. @
Never pour back (he unused reagent into the bottle. '

-,

" &) Never touch or taste a chemical or solution as most of chemicals are cither
corrosive or poisonous,

X) Always bring your container to the reagent shelf and do not take the bottles
to your desk. - ' '

xi) Do not insert the pipette or dropper into the reagent bottles; this helps in
avoiding any possible contamination.

T THORT  TET T T BT S

xii)  Graduated cylinders and boltles are not 10 be heated because these break
very casily and their volume also changes. .

Xili) Al the end of the experiment, clean and dry‘the glass apparatus and wipe off
the top of the working table. Ensure that the gas and water taps are closed
before you leave the laboratory. !

Laboratory First-Aid

If a corrosive substance falls on your skin, immediately wash the spot with large
quantities of water, followed by remedial action indicated below-




Acid spill : Treat with sodium bicarbonale or ammonium carbonate (2M) solution; Basic Laboratory Skills

then apply vaseline or a soothing cream.

*M"is a unit for concentration.
You will undersiand this unit
in Sec 1.5 of this unil

Base spill : Treat with acetic acid (1 M) followed by vascline or a soothing cream.

ey e oy

Bromine : Treat with 2 M ammonia; keep the affected part dipped in dilute sodium
ysulphite solution till bromine is washed off. Finally apply vaseline.

*henol : Wash with ethanol and then take hospital treatment.

Che most commion accidents in the chemistry laboratory involve cuts, burns or fire.
The (irst-aid Lo be given'in each case is below :

-uts : If you have a cut, wash the wound well with cold water immediately. If
leeding is severe, apply pressure directly on to the wound (o stop the bleeding.
‘hen an antiseptic cream can be applied to the wound; it should be followed by

roper dressing of the wound.

urns : Wash the burnt part with cold water for sometime and then apply Burnol
Y it
ire : A small firc in a beaker, caused by the vapours of an imflammable liquid can

¢ extinguished by covering it with a watch plass. If the clothes catch fire, one
1ould lie on the floor and, fire can be put off by wrapping a thick blankel around

1€ body.

3 TITRIMETRIC ANALYSIS

uring this laboratory course, you will be often doing titrimetric analysis.
trimelric analysis penerally consists jn determining the volume of a solution of
curately known concentration which is required Lo react completely with a known
lume of the solution of a substance being estimated. The solution of accirately
iIown concentration is called the standard solution. The standard solution

ntains a definitc amount of the soluic per litre (dm3) of the solution. The term,
lumetric analysis, is also used in the place of the term, titrimetric analysis.

tration is the process of adding a slandard solution to a test solution (or vice
rsa) until the reaction is just complete. The point at which the completion of
1elion occurs is called the equivalence point or the end point. Let us explain
*s¢ Iwo terms. The stage at which the reacting solutions arc used up in their
ichiometric proportions is called the equivalence point. The detection of
uivalence point is often done using instrumental measurements at various slages
titration. Conductomeler and meH meier are two such instruments vsed for
+determination ol equivalence point. In experiments 2 and 3 of CHE-03 L)
irse, their usage in titrimetric analysis has been illustrated,

LUs now explain the term, the ¢nd point. Sometimes it is possible to use a
islance to indicate the completion of titration. Such a substiance is called an
icator and the equivalence point determined using an indicator is called the end
nl. An indicator indicates the complction of reaction by a chanpe in physwal
'perty such as colour. The basic requirement for an indicator is that its colour
uld be quite different before and after the end point. Ideally, end point should
close to the equivalenee point. But the colour changc occurs only afier the
livalence point; hence the end point differs at least slightly from the cquivalence
nt. A well known example of indicator is phenolphthalein used in acid-base
ation. It is pink in basic solution and colourless in acidic solution. In -
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Laboratory Sidils and
Techolques

* The complexing reagent is also
called a tligand. A complex ion is a
melal ion with one or more ligands
bonded Ioil.

experiments 1, 4, 9, 10 and 11 of CHE-03 (L) course, ihe use of indicators for
titrimelric apalysis has been explained.

For carrying out the titrimetric analysis of any given substance, 2 reactton must
satisfy following conditions:

a)  The substance to be estimated must react completely with another of known
strength in stoichiometric proportions.

b} . There must be a simple and instantancous reaction.

c) An indicator may be used for identifying the completion of Litralion by the
change in colour of the solution. In the absence of indicators, instrumental
mcthod should be available to conduct a litration,

Next let us discuss the types of titrations.

1.3.1 Types of Titrations

There are four main types of titrations as given below.

a} Neutralisition titration or acid-base titration

Neutralisztion titration involves the titration of a base with an acid. The reaction
essentially involves the combination of hydroxyl ions with the hydrogen ions to
form waler. A typical example is the titration of sodium hydroxide apainst
hydrochloric acid.

b) Irecipitation titration

Precipitation titration results in the formation of a precipitale. An example for this
type is the titration of silver nitrate against sodium chioride.

¢) Oxidation-reduction titration

Oxidation-reduction titration involves the change in Lhe oxidation number or
transfer of clectrons among Lhe reacting substances. The principal oxidising agents
arc polassium permanganate, potassium dichromale, iodine and polassium iodate.
The reducing ageats are ferrous and stannous compounds , oxalic acid and sodium
thiosulphate. '

A typical example of this type is the titration of potassium permanganate against
ferrous ammonium sulphate. .

d)} Complexometric titration

In complexometric titration, a complexing reagent forms complex ions with meital
ions like Ca®* and Mgz+. Sodium salt of EDTA(ethylencdiamine Letraacetic acid)
is often used as a complexing reagent in titrations.

HOOCCH, /CHZCOOH
N-CH,-CHa-N
! \
1tooccl, CH,COOH
EDTA

Before trying to know how titrations are carried out, let us know some of the
apparatus used during titrations. '

1.3.2 Apparatus for Titrimetric Analysis

The apparatus for titrimetric analysis is of three principal kinds:
(i) Volumetric flasks (ii) pipettes and (jif) bureltes.

Lel us discuss each of them.

o -am e
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i) Volumetric Flasks. Bask Laboratory Sillls
Volumetric flasks are used for the preparation of standard solutions and for

diluting the sample 1o known volumes. The volumetric flasks have a flal botlom,

pear shaped body and Iong narrow neck. These have a ring engraved around

their neck. When filled up to this ring, the volumetric flask contains the volume

of the liguid marked on it. The volumetric flasks are of varying cabhcities such

as 100 cm3, 200 cm"', 250 cm3, etc. As an example, 100 cm™ Nlask is illustrated in’

Fig. 1.1.

Fig. 1.1 : 100 |:m:Il volumelric Mask.

In Sec. 1.6, we shall sce the use of volumetric flasks in preparing a standard solution.

ii} Pipettes

Pipettes are used to transfer known volume of a liquid from one container Lo
another. A pipetle usually consists of a narrow (ube with a bulb in the middle. The
ring mark engraved on the stem indicates the length 10 which the liquid level must
be drawn 10 get exactly Lthe volume of the liquid marked on the bulb. Some pipettes,
known as gradualed pipelies, are calibrated so that any volume upto its maximum
capacily can be transferred. The pipettles of volume 1 cm3, 2 cm3, 5cm®, 10 cma,

3 and 25 em® are wvsed commonly. As an cxample, 20 cm® pipetic is indicated

20 cm
in Fig. 1.2 (a).
]
o~
2N
? | \
(L)
o
@ ©

Fig 1.2: a}pipette; L) handling s plpelte
¢) dralnlng out the pipetted solution.

Before using a pipette for trans(erring a liquid for estimation, it has to be
thoroughly washed with a good quality detergeni, followed by plenty of water and
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Laborutory Skills und finally with distilled water. It is then to be rinsed with a solution which is to be

Technlgnes pipctted. For rinsing, the solution is 1aken in a clean dry beaker. The pipette is
dipped into the solution and the solution is sucked into the pipeite to fill it about
half its volume. The upper tip of the pipette (the suction end) is closed by the
finger tip. The pipette is then taken out ad held horizontal between the two hands
and rolled gently. This ensures the wetting of the walls of the pipette. Make sure
that the solution in the pipetie does not reach the suction end. The solution is then
drained inlo the sink and the process is repeated. This compleles the rinsing
process. Now we can use the pipette for transferring the solution for estimation,
The solution is drawn through the pipetie past the ring mark. The suction end is
closed by the tip of the index finger (Fig. 1.2 (b)). By rolling the finger-tip slightly,
excess liquid is allowed 1o drain out until the meniscus descends (o the ring mark.
Now the liquid in the pipette is allowed to drain out into the receiving vessel (Fig.
1.2 (c)). By touching the walls of the recciving vessel with the fip of the pipelte, the

- last drop is also transferred. Do not blow out the last drop.

iii} Burettes

Buretic is a common device for measuring precisely the volume of a liquid used
during titration. There are two well-known Lypes of burettes. The first lype consists
of a calibrated tube with a narrow end Lo which a glass tubing is attached by means
of 2 rubber tubing. To the rubber tubing, a spring-clip is attached. When you press
the clip, the liquid flows out of the burette, In another type of burette, a stopcock is
uscd instead of spring-clip. The burette is graduated, the zero being al the top.
Mostly we use 50 cm” bureite. For some titrations, we use 5 cm® burette. A 50 cm®
burette is shown in Fig. 1.3 (a).

7
9
11
=2 1
Eyc Ievel
(this reads
13.4 an®) 15
17
19
©
(a) '
Fig. 1.3 : g) Burette (with a stopcock) b) uslng a parallax card

c) eye level for buretle reading.
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Before filling the burette with a liquid, it has to be washed, first with a detergent,

" followed by plenty of water and djstilled water. It is then rinsed with the liquid’
which is to be taken in it. For rinsing it fill the burette 10 half its volume with the .
liquid, rotate it repeatedly keeping it horizontal between the two hands; then drain
out the liquid. The burette is then vertically mounted on the stand and is filled

' with the liquid through a funnel. After taking out the funnel, the meniscus is
adjusied to any definite graduation mark in-the bureite by drawing out the necessary
volume of the liquid through the stopcock (or spring clip). It is not necessary for the
meniscus o be at zero mark, since the volume delivered from a burette can be obtained
simply by noting the difference between the initial and final readings.

To avoid error in burette reading, you may make use of a parallax card. Parallax
card is 2 small piece of cardboard covered with white paper in which the lower half
is blackened with ink. While reading a burette, adjust the dmdmg line at the same
level as the meniscus as shown in Fig. 1.3 (b).

In order to avoid the parallax, vicw the position of the burette such that the front
and rear levels of the liquid coincide, Fig. 1.3 (c). For accurate titration resulis, the
volume of liquid used for titration should neither be too large nor too small. Titre
value is obtained by noting the difference between the intial burctte reading and
final buretie reading (after titration).

1.3.3  Carrying out a Titration

A solution for which the
cancentration is known
accuralely is called a standard
solulion.

In general, during titration, a standard soiution taken in the buretie, is added
dropwise 1o a test solution in the conical flask (Fig. 1.4).

White paper
{for obscrving
colour change)

Fig. 1.4 - Delivery of a llquid from a bure(te. .

Baslc Laboratory Skills
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Laborafory Skills and
Technlques

In the next unit, we shall discuss
$I units for various physical
quanlities.

Mass is 1he quantity of matler af
which the abject is composed,
Mass of an-object is same,
irrespeetive of the location where
it is weighed.

Throughout 1his laboralory
course, we use an analytical
talance 10 find the mass of an
object.

Weipght of an object is the force
exerted on it by gravitationad
attraction. The gravitational force
#nd the weight differ aL diflerenl
lacalions on the caribh. A spring
balance is used to find the weight
of an object.

12-

The purpose of the titration is to {ind the concentration of the test solution. The
equivalence point (or the end point) is determined. The volume of the standard
solution delivered through the burette for attaining the equivalence point is known as
the titre value. From the titre value, the concentration of the standard solution and the
volume of the test solution, il i§ possible to calculate the concentration of the test
solution. The calculation part will be discussed in Sec. 1.7. In the next section, we shall
discuss weighing of a subsiance. This will help us in understanding Sec. 1.6 in which the
preparation of standard solution is going (o be discussed.

SAQ1
Define the term, titrimetric analysis.

SAQ 2

You arc given a solution of sodium hydroxide of known concenlralion and you are
asked to {ind out Lhe concentration of given hydrochloric acid solution. indicale a
method based on each of the following :

iy  determination of end point
ii) determination of equivalence point

1.4 WEIGHING A SUBSTANCE

The internationally accepted unit (SI unit) of mass is kilogram. One gram is
one-thousandth part of one kilogram whereas one milligram is one-thousandth
parl of onc gram. In this laboratory course, you would be measuring mass
from a few milligrams to grams. You would bc using analytical balance for
weighing.

An analytical balance (Fig. 1.5) can be used for finding masses to a precision limit
of 0.2 mg. As we proceed with the study of this laboratory course, you will noticc
thal many experiments involve at least one measurement of mass. Hence the
accuracy of your experiment will depend largely on your skill of using the analylical
balance. The analytical balance actually compares the unknown mass of a sample
with a standardised mass.

In an analytical balance, (Fig. 1.5), iwo pans are suspended from the ends of the
balancc beam. A pointer is attached 10 [(RC CCNEr UL Wi Valanws Deam and 11
projects down to a scale at the base, The upper edge of the balance beam is

rToET




Basic Laboratory Skills
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. Fig- 1.5 ; Analytical balance;
{1) beamn (2') pans (3) polnter (4) scale (5) rider-carrler (6) levelllng screws {7) arresi-knob (B) rider.

graduated, with the zcro of the scale.at the center of the beam, with major divisions
rcading 1 mg and the subdivisions reading 0.2 mg. Both ends of the beam are thus
graduated. So an analytical balance can weigh.only up to an accuracy of 0.2 mg (or
0.0002 g). The balance is fixed inside a glass case. A rider-carrier is atlached to the
case which is parallel to the balance beam and is slightly above it. An arrest-knob
for the beam-control is on the ouiside of 1he balance case. The balance case is
supported on levelling screws. You will be provided with a set of weight box and
fractional weights (Figs. 1.6 (a) and (b)) for uge on analytical balance.

NG N ES Ne Jall- IR FAY

500mg 200mg 200mg 100mg S0mg 20mg 20mg 10 mg rider
Fig. 1.6: a} Welght box und  b) fraciiunal weights. 13
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Laboratery Sidlls and
Techniques

Flg- 1.7 : Welghing bollle.

Always use forceps 1o transfer
the weighls. Refrain from using
your hands.

A rider is used for mass

adjustments below 10 mg (0.01 g)-

i4

5

Using an Analytical Balance for Weighing

Beforc using a balance for weighing, we have to examine whether the balance
functions properly. For this, first the side doors of the balance are (o be closed. The
arrest-knob is to be slowly.and carefully turned counter-clockwise. When the
‘arrest-knob' is Lurned fully to the left, the pointer slarts swinging around the centre
of the scale. The first two swings are ignored, Then, starting with the third swing,
the extreme positions of the swing are noted for at least two -more swings. The
readings of the swings to the lelt and to the nght must be equal or can differ by one
unit only during each swing. If the readings to the left and right are much different,
the balance must be adjusted by means of the screws, for which you may request
your counsellor. '

After adjusting the balance (if necessary), we come to actual weighing. For this
purpose, we use a glass or a plastic weighing bottle, Fig. 1.7. First of all, the
weighing bottle is weighed on a rough balance Lo find its approximate mass 10 the
nearest gram. Then the left side door of the analytical balance is opened and the
weighing botile is kept on the left side pan and the door is closed. Through right
side door, weights cqual 1o the approximate mass of the weighing bottlc are
transferred to the right side pan from a weight box with the help of forceps and,
the right side door is closed.

The arrest knob is once again turned to the left and the movement of the pointer is
seen. If it moves more to the left, then the weights transferred are in excess of the
mass of the bottle. In that case, some weights have to be removed . On the other
hand, if the pointer moves more to the right, then the added weights are not
sufficient and, we need 1o add more weights. Arrest the movement of the beam by
turning the arrest-knob fully towards the right and, open the right side door to add
or remove some weight(s), as the case may be. Recheck the movement of the
pointer by using the arresi-knob. Continue this process 1ill the addition of I gram
weight makes the right hand pan heavier while its removal makes it lighter, e.g., if
the weight is say 15.5 g, then 15g weight would be lighter and 16 g weight would be
heavier. After his, the fractiona! weights marked in mg, have to be added in
decreasing order till the two sides are balanced. Do not use fractional weights less

- than 10 mg; you should use a rider in such cases. A rider (Fig. 1.6 (b)) is a thin

metallic wire suitably bent to be seated on the beam of the balance. It is normally
put on the right hand side of the beam with the help of the rider carrier. By varying
the position of the rider on the beam, the two pans are balanced.

Mass of the object =(Weights added in grams)
+ (fractional weights added x 0.001) g
+(main division of the rider position x 0.001} g

+(subdivision of the rider position x 0.0002)g

Let us illustrate the use of this formula. Suppose that while weighing an object, the
weights added to the right side pan are 15 g, 200 mg and 2 X 20 mp. Let the rider
position be 2 on the main divisions and 3 on the subdivisions. :

Then the mass of the object

=15 g +(240 x 0.001) g +(2 X 0.001) g +(3 x .0002) g
=15.2426 g
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You have, so far, seen how to weigh an object, such as a weighing boltle, accurately.
" If we want to weigh a substance in the weighing bottle, we make use of the method
of weighing by difference. For this, the weighing bottle is first approximately
weighed. The substance to be weighed is put into the bottle (a little more than
required) and weighed accurately (x g). The subsiance is transferred into a
volumetric flask and the bottle is again weighed ‘accuracy (y g). The difference
between the two masses, i.e., (x) gis the exact mass of the substance transferred

(m g).

You are advised 10 observe [ollowing precautions for getting accurate results during

weighing :

a) Ensure that your balance is in good condition. In case there is any
malfunctioning, it may be reporied 10 the counsellor.

b Clean the pans. Never release the beam arrest-knob abruptly as this may
damage the balance and you may not get reliable results. :

€) Arrest the beam before adding or removing either the sample or the weights,’

d) Never place the hot objecis for weighing on the balance. An object must be
cooled to artain the room temperature before weighing.

€) - Always shut the doors of the balance before raising the pans using the
arrest-knob.

f) Handle the sample with a piece of paper. The weights must be picked with
forceps only. ) '

B) Avoid jerks to the balance,

Having learnt in general aboul some apparatus to be used in the experiments of
this lab course, let us now understand the various terms and concepts used in many
of the experiments. Before proceeding to the next section, try the following SAQ's.

SAQ3
What is the precision limit of an analytical balance ?

3AQ 4

Vhat is the mass of a substance if the following weights arc needed to weigh it ?

g : mg position of rider
10

3 200 6.1 A
2 100

1 50

Baslc Laboratory Skilis

Mass of the substance (m g)

= (Mass of the bortle with
substance (x 3))

= (mass of the bottle after
trans(erring the substance (y g)
ie,m=(xy)g
You will see the way of enlering the
data for weighing towards the end
of See. 1.6.-
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The number of *C atams in
0012 kg (ie., 12 g) of '2Ciis
cgual 1o 6.022 x 10~

Relative molecular mass is
unitless, Since it represents a
ralio.

Although S unit of molar mass is
kg mol ™\, it is more convenicnt to

use g mol™! for titrimelric
calculations. ’

Itis better 1o use Lhe plirase
“amount of a substance” rather
than ‘'number ol moles of 4
subslance’,

1.5 EXPRESSION OF CONCENTRATION

The term ‘concentration’ refers to the relative amounts of a solule and 2 solvent in
a solution. Solute is the dissolved subsiance in a solution. Solvent is the substance
in which the solute is dissolved. Solution is the homogeneous mixture of a solute
and a solvent. Before we discuss the different ways of expressing the concentration
of a solution, let us cxplain a few lerms used in quantifying a substance.

Mole, denoted as mol, is the amount of a substance that contains as many
elementary entitics as in 0.012 kg of 12¢ isolope of carbon. The mole may be of
aloms, ions, molecules, electrons or any other entity. The number of elementary
cntities in a mole of any substance is fixed and is given by a constant called the

Avagadro number, N, which equals 6.022 x 10%.

Relative molecular mass (molecular weight) denoted as M, is the mass of one
molecule in atomic mass unit {a.m.u.) relative 1o 1/12th the mass of pure 12¢
isotope (12.000 a.m.u.). We find the relalive molecular mass by multiplying the
atomic mass of each element in the molecule by its subscript in the formula and
then adding the toial for each element to get the grand total, e.g., one molecule of
CO, has relative molecular mass of 44, which is calculated as :

[(12 % 1) + (16 x 2)] = (12 + 32) = 44

Molar Mass, denoted l:;y symbol (M), is the mass of one mole of a given
substance..It is numerically equal to the relative molecular mass but is expressed in

e mol™! units. The following illustration expiains this point.
The relative molecular mass of oxalic acid dihydrate [(COOH), 2H,0)] crystals is

cqual 10 126. Hence, the molar mass of oxalic acid dihydrate crystals = 126 gmol™L:

Amount of a substance is given by the ratio of the mass of the substance 10 its
molar mass.

Mass

Amount of a substance = ——
Molar mass

... (1)

Thus the amount of substance having mass.equal 1o molar mass is called mole. Let
us now see virious methods ol expressing the concentration of a solution.

Molarity

For titrimetric purposes, we express concentration in terms of molarity denoted by
symbol M. Molarity is defined as the amount present in one dm" of the solution. It
can be expressed as follows:

Amount of solutc

Molarity = ... {12)

Volume of solutionin dm®

Thus, if you dissolve 126 g of oxalic acid dihydrate (molar mass = 126 # mol™)) in
water and make up the volume 1o | dms, then the solution would be 1 M.

The molarity of a solution containing m g of the solute in ¥ cm? of a solution can
be calculated as follows ;

Let the molar mass of the solute be M, g mol L,

Using Eq. 1.1,
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Basle Labornlory Skills

Mass mg
amount of a solute = = 3
Molarmass  pfy, ¢ mol
= ﬂ;_l mol - (L3)
m -
Volume of the solution = ¥ cm® ‘
Since 1000 em® = 1 dm?,
3
Volume of the solution = ¥ em® x ﬂ-'LB
: 1000 cm
V 3 )
_mdm (14)
Using Egs. 1.1 to 1.4,
molarity of solution = Amounlofsolu_te 3
' Volume of solution in dm
m R I
= E mol X 7
1000 dm*
_ 1000m -3 . (15)

1.e. ity =——= d
i.e., molarity MgV mol

1

By substituting the volume of a solution in cm’ unit in the above expression,

molarity of a solution can be calculated.

Though molarity is accepted nowadays as the way of expressing concentrations,
another related lerm, viz, normality is stiil in use. Here equivalent mass is used in
place of relative molecular mass. Normaiity is defined as the number of gram
equivalents of Lhe solute per dm? of the solution. In other words,

Number of gram cquivalents of solute Mass
Volume of solution{in dm’) Equivalent mass x volume ol solution(in dm“) We are not discussing the

metheds of arriving at the
equivalent masses of substances,
since we are not going (0 use
normality in our calculations.

Normality =

The molar mass of a substance is an inherent property: It is indcpendent of the
nature of the chemical reaction it may be undergoing. Hence, a given solution
containing a known amount of the soluie will have the same molarity independent
of the type of chemical reaction. Normality, on the other hand, can change as the
equivalent mass of a substance depends on 1the chemical reaction involved in the
titration, For example, KMnO, can have equivalent mass of 15804 g, 52.6 g or 31.6
g depending on the reaction conditions. In the light of the above, it is advisable to
use molarity rather than normality. We would be using molarity in all the
litrimetric experiments. However, percentage, formality and molality, are some
other ways of expressing concentration. These are briclly explained here.

Percentage

The percentage of a solute in a given solution can be cxpressed imlhree different

ways depending upon the nature of the solute and the solvent. Let us illustrate by

taking some examples. '

(a) Ilhwe take 10 g of, say, NaCl and dissolve it in waler lo make a solution of
volume 100 cm3, then we get a 10% mass by volume, i.e., 10% m/V solution

of NaCl in walcr.
17
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(p)  Iinsicad of preparing 100 cm® of solution, we add enough water (1o 10 g of
NaCl) to prepare 100 g of solution, ther we get 10% mass by mass, i.e. 10%
m/m solution of NaCl in water.

|7 S e 7 T £

(c)  In cascs where the solute is also a liquid, it is possible to represent
concentration as volume by volume. For example, if we mix 10 ¢em™ of
methanol (solule) with enough HyO (solvent) to prepare 100 cm” of the
solution, then we get 10% volume by volume, i.c. 10% V/V solution of
methanol in water.

We shali use percentage units for denoting the concentration of solutions in Units
3, 12 and 13 of this course,

Formality

For ceriain ionic compounds, e.g., NaCl, which arc completely dissociated in
solution, it is less accuraie (o 12lk in terms of (molecules or) molar mass. Here, it is
morc appropriate to talk of formality than of normality or molarity. Formaiity is

defined as the number of gram formula masses dissobved per dm® of (he solution. }
i
o
Formality of a solution (F) = Mass of the substance in gram unit :
: Gram formula mass E
i
‘I .
x —-- S - (1.6)
Volume of the solution in dm* units
Thie gram formula mass of a substance is oblained by multiplying the atomic mass
ol cach clement by its subscript in the formula and then adding the totat for cach
clement’to get the grand total. Thus, one gram formula mass of sodium chloride
=[(l x23) + (I x 3545)]p =5845¢
Molality
The molality of solution is the number of moles of the solute per kilogram of the
solvent contained in a solution. 1t is given by the {ollowing expression : :
Molatity 71X 1000 ' [
ality= ———— (L P
oty my X M, a7 k

A gaea

where,

H

np = mass of the solute (in g)
My = mass ol the solvent (in g)

Mm = Molar muss of the solute (in g mnl'l)

The molality scale is useful for experiments in which depression of freezing point,
clevation of boiling point, and relative lowering of vapour pressure, are measured.
For example, we shall sce its usc in Unit 8. '

SAQ 5
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Culeulalc the molarity of a sodiom hydroxide solution, I 530 cot” of the solution
contains 2 g of soluic.
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1.6 PREPARATION OF STANDARD SOLUTION

You may recall that a standard solution is one f9r which the concenlration is
known accurately. A standard solution may be prepared by dissolving an accurately
weighed, pure stable solid (solute) in an appropriate liquid solvent. Preparation of
a standard solution is generally the first step in any quantitative experiment; hence
it is important to know how to prepare a standard solution.

Primary and Secondary Standards

In titrimetry, certain chemicals are used frequently in known concentrations as
reference materials. Such substances are classified as primary standards or
secondary standards. A 'primary standard is a substance of sufficient purity. A
standard solution can be prepared by weighing a quantity of the primary standard
directly, followed by dissolution and dilution to give a definite volume of the
solution. The following specifications have to be satisfied for a substance to qualify

as a primary standard:

1)~ It must be easily available and easy to preserve.

Hygroscopie substances arc
those which have a tendency to
absorb maisture.

2) It should not be hygroscapic nor should it be otherwise affected by air.
3) It should be readily soluble in the given solvent.

Some of the available primary standards for titrations are given below along with
their relative molecular mass (M,) values:

Potassium hydrogen phthalate (KHP), CsHO K M, =204.2
(an acidic substance) '

Anhydrous sodium carbonate, Na,CO; - M. =106
(2 basic subsiance)

Potassium dichromate, K»Cr,05 (an oxidisin pagent) M. =12942

Arsenic (IIT)-oxide, As,O3 (a reducing agent) M. = 1976

Potassium iodate, KIO4 (an oxidising agent) M. = 2140

Sodium oxalate, Na,C,0, (a reducing agent) M. = 134.0

Solutions prepared from the primary standards are called primary standard
solutions.

Substances which do nol satisfy all the above conditions, are known as secondary
standards. In such cases, a direct preparation of a standard solution in not possible.
Examples are alkalies and various inorganic acids. These substance cannot be

obtained in pure form. Therelore, concentration of these substances is (o be . . .
Afkalies (sodium hydroxide and

determined by titrating them againsi primary standard solutions. This process is potassium hydroxide) are
called standardisation and, the solution so standardised is called a secondary hygroscopic, Further. these absorb
standard solution. Now let us discuss the method of preparation of a standard carbon dioxide from air and, some

part al the alkalies get converted
into carbonares. Hence, alkalies
cannol be used as primary
slandards,

solution.

To prepare a standard solution of volume, Vcrn3, of known molarity, M mol dm':",
the mass of the solute required, m g, of molar mass M can be calculated by

rearranging Eg. 1.5 as follows:
19
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Molarity-M_,- V-
1000 & - (18)

Mass of the solute (m) =

The solute is weighed in an analytical balance as cxplainced before (Sec. 1.4),

transfcrred into a volumetric flask with the help of a funnel and dissolved in a small J

quantity of the solvent. The solution is then made up 1o the mark by carefully

adding the solvent. This can be done using a wash boutle or with a pipette. It is then

shaken thoroughly to get 2 homogeneous solution.

- In preparing a standard solution of concentration, say, around 0.1 M, the mass of
the substance weighed need not be cxactly equal (o the mass required for 0.1 M. It
can be slightly iess or more, but the weighing must be accurate. From the mass of
the solute actually taken, molarity of the solution can be calculated using Eq. 1.5.

In the example given below, we show how (o enter the data for

® weighing potassium hydrogen phthalate (for preparing a standard solution) and,

¢ calculation of molarity of the solution.

Preparation of 250 em® of a standard solution of potassimn hydrogen phthalate

Approximate mass of the weighing bottle = iy = .. g

Mass of the weighing bottle + potassium hydrogen phthalale =y = ... g
Migss of thie bottle afier transflerring the sall =3 T e £

Mass of potassium hydrogen phihalate = my —m3 = m = oo gt

Molar mass (A, of potassium hydrogcn phthalaic =204.2 g rncrl'1

Volume of potassium hvdrogen phthalate solution prepared = 250 cm®

Molarily of potassium hydrogen phthalate (M)) is calculated wsing Eq. 1.5 as,
mx 1000 _mx4_ |

- - _ -
My = My x 250 204.2 e MOl Um

SAQ 6

You are asked (o standardise the solutions of following substances, Suggest a
primary standard for cach.

(1) hydrochtloric acid
(i)  potassium permanganate (an oxidising agent)

ph ey i 1=t vt ¢ ~ e

F - SeeFET | e

1.7 TITRIMETRIC CALCULATIONS

You may be interested (o know as to how titrimetric calculation is done. For this
purpose, lct us consider the gencral case of a reaction between (wo SUDstaiLes, ~
and B, yielding C and D, as per the stoichiometric equation:

PA+gB——5 rC+ 5D . (1.9)

where g, ¢, ¥ and s are ane stoichiometric cocfiicients. As per Eq. 1.9, p mvics of A
are required for ¢ moles of B [or complete reaction. At any instant, the amount of

A and B reacted are related as lollows:




Amount of A reacted =£ . (1.10)
AmountofBreacted g RN ¢ ¥

Suppose that during titration, cm® of A of molarity M, has reacted with Vg cm®
of B of molarity Mp. '
Amount of A reacted = Molarity of A x volume of A in dm®
(using Eq.1.2} '
= Ma-Va/1000 ceo(111)
[since V, is given in cm> unils)
Similarly, amount of B reacted

= Molarity of B x volume of B in dm>

= Mg - V/1000 e (112)

Using Eqgs. 1.10 10 1.12,

M, Vas1000

' My Vg/1000
MA VA p ) ’ N
or == ... (1.13
MgVp q (113)

Assume that a standard solution of A (M, known) is available. The volume of A
(Va) required.to react with a known volume of B (V) is found out by titration.
Since p and g are known from the stoichiometric equation, the molarity of B (Mp)
can be determined using Eq. 1.13. Seg the following examples.

(i) The reaction between sodium hydroxide and ‘potassium hydrogen phthalate

Sodium hydroxide and potassium hydrogen phthalate (KHP) react according to the
cquation:

COCH :
e QO w0
COOK

COOK

By comparison with Eqg. 1.9,
p = Coclficient of KHP = 1
" ¢ = Cocfficient of NaOH = 1

Let the molarities of potassium hydrogen phthalate and sodium hydroxide solutions
be represented as M and M,. Let the volumes of these two solutions used during
neulralisation be ¥, and V5, respectively.

Using Eq. 1.13,

My
My, " 1
or MI Vl =M2 Vz ’ (114)

The 1abulation of titration data and calculation method for the standardisation of
sodium hydroxide solution using standard potassium hydrogen phthalate are given
below: : ’

Basle Labomlolry Sidiis

g and g are known, once
sloichiometric equation is
written.
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Indicator : Phenolphthalein
Colour change : Colourless to pink

Potassium hydrogen phthalate vs. sodium hydroxide solution

SI. No. (Volume of potassium Buretie Reading (Volume of
hydrogen phthalate)/cm® NaOH) /cm?®
Initial Final
1 20
2 20
3 20

Determination of molarity of sodium hydroxide solution
Molarity of potassium hydrogen phthaiate = My = ... mol dm™>
Volume of potassium hydrogen phthalaie solution = ¥} = 20 cm>

Volume of NaOH solution used (from the above table) = ¥3 = ..... cm®

Molarity of NaOH solution = My = ?

Using Eq. 1.14,
MW =M1n
. ) M Vy
Molarity of NaOH solution =M;= 7
2
= ..... mol dm?

Since My, ¥y and V5 arc known, M, can be calculated.

ii) The reaction between oxalic acid and putussium_permﬁnganate in presence
of dilute sulphuric acid

The stoichiometric cquation for this reaction is given below :
5 HquO,* +2 KMHO4 +3 H280_1 — K2504 + 2 MI'ISO4 + 8 Hzo + 10 COZ
Here again,  p = Coeflicient of H,C,04 = Sand

q = Coefficient of KMnO4 =2

Muco,Vuco, s
Using Eq. 1.13, i _rzi 2
854 Mymno, Vo, 2

or ZMH1C204 VHZC'ZO-i = SMKMI.]O‘ VKMI‘IO_' ] . (115)

For this case, we do not intend giving the tabulation of titration data. But we
filustratc the use of Eq. 1.15 in the calculation of molarity of oxalic acid. Assume
that 25 em® of oxalic acid of unknown concentration requires 20 em® of 0.02 M
polassium permanganate for complete reaction.

Mymuoo, Vkmno,

_ _ 5
Using Eq. 1.15, My co, =3 Vh,c0,
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_ 5% 0.02M x 20cm’

2 x 25 em®

MH2C204 = 0-04 M

Thus the molarity of oxalic acid is 0.04 M.
Based on the study of Secs. 1.3-1.7, we can sum up the steps involved in the
litrimetric estimation of a test solution using primary and secondary standards. To
illustrate the steps, we consider the estimation of given ferrous sulphate solution.
Assume that oxalic acid is used as a primary standard while potassium
permanganate solution is used as a secondary standard.

Step

1. Weigh the necessary amount
of the primary standard.

2. Prepare the solution of
primary standard from the
amount weighed in step (i).

3. Titrate the secondary standard
against the primary standard
ausing proper medium. From
the titre value, calculate the -
concentration of secondary
standard (using equation
similar to Eq. 1.13).

4. Titrate the secondary siandard
against the test solution
using proper medium.
Calculate the concentration
of test selution (using
equation similar to Eq. 1.13).

3.

4.

Illustration

Weigh the nec&s.;.ary amount of oxalic
acid crystals. ' -

Dissolve the oxalic acid crysials in
water and make up to known volume
to prepare a standard solution, . .

Titrate potassium permanganate
solution against standard oxalic acid
solution in presence of dilute
sulphuric acid. Calculate the
concentration of potassium
permanganate solution

(using.Eg. 1.15)

Titrate potassium permanganate
solution against ferrous sulphate

~ solution in presence of dilute

sulphuric acid. Calculate the
concentration of ferrous sulphale
solution using the following equation.

Mgesa, Vreso, 10_
Mymno, Vo, 2

(Write the balanced equation for
FeSO,4-KMnOQy reaction and verify
this cqualtion).

Based on the study of this section, answer the (ollowing SAQ. '

SAQ 7

Wrile an cquation similar o Eq. 1.14 for the reaclion between sodivm carbonate

and hydrachloric acid.

Baslc Laboratoxy Skills
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1.8 HEATING METHODS

In this lab course, you will use the following heating delvices:
1:) burner

ii} water bath

iii) oil bath

Since many of the substances get decomposed at high lemperatures or are
inflammable, care should be exercised in using the heating devices,

Direct heating on a burner flame should be avoided as far as possible. Heating on a
burner should be done using a wire ganze. While using a burner, all inflammable
and volatile maleriails should be removed away from the burner.

A water ba:th, an oil bath or a sand bath should be used to provide uniform heating,
For temperatures upto 100°C, a water bath is generally employed. The simplest
form of 2 waler bath consists of a beaker containing water. Water is boiled in a
beaker and, the vessel to be heated is kept on the rim of this beaker. If a test tube
or a boiling 1ube is 10 be healed, it can be kepr immersed in it as such or by
clamping i1 using a stand. You may be using an electrically heated water bath or a
copper waler bath (which can be heated on a burner). These two water baths are
shown in Figs. 1.8(a) and (b).

Each of these water baths is covered with rings, which can be adjusted according to
the size of the vessel to be heated.

)

Fig 1.&4a) : Electrically heated waler bath b) copper water bath.
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An oil bath or 2 sand bath is used when heating is carried oul in the range
100-200°C. An oil bath can be made by filling a copper bowl with a liquid like
paraffin oil. A sand bath is a shallow iron plate filled with sand. Both these baths

are heated by means of a burner.

SAQ3

It is proposed (o study the miscibility of 10 cm® mixtures of phenol and waler at
different volume by volume percentage compositions in the temperature range 35°C
and 75°C. Suggesi a simplc heating arrangement for (his experiment.

1.9 USE OF THERMOMETERS

Terﬁperalurc measures the degree of hotness of a body. Temperature scales such as
celsius scale are, in general, empirical and arbitrary. The thermodynamic scale or
the kelvin scale, is based on the second law of thermodynamics. It is independent of
the properties of any particular substance. It is defined in terms of the efficiency of
a thermodynamically reversible heat engine. The temperature in the kelvin scale (T
K) and that in the celsius scale (£°C) are related as follows :

TK=¢C4+2713.15

The kelvin scale of temperature suffers from lack of convenient jnstruments for
measurement. In this course, we shall use thermometers calibrated in ceisjus unit.
Typical examples are mercury thermometers. We shall be using 0-360°C and
0-110°C thermometers. The former is sensilive to 1°C, whereas [he latter is
sensitive to 0.1°C. We shall be using thermometers for various purposes. Some of
them are given below :

i) For delermining the heat capacity and the enthalpy of neutralisation (Unii 7

i)  For determining the melling point (for estimating the molar mass of a
nonvolatile solute using Rast method) (Unit 8)

lii)  For obtaining the phase diagram of a given system (Units 12 and 13)

iv)  For studying the rate of a reaction {Units 15 and 16)

To illustrale one of the above mentioned uses of thermometers, we shall discuss the
method of finding out the melting point of a substance,

Determinatian of Melting Paint

The melting point of a solid is that lemperature al which the solid changes inlo
liquid al one atmosphere pressure. A pure solid has a sharp melting point. For a
pure solid, the difference between the lcrﬁpcraturc at which the collapse of the
crystal is first observed and the temperature al which the sample becomes
completely a liquid, does nol exceed by 0.5°-1.0°. But an impure solid melts over a
range of temperalures, depending on the amount of the impurity. Let us now
discuss the experimental delails for determining the melting point of  substance.

Basic Laboratory Skills

In Unit 8 {Block 2) of Pliysical
chemistry course, thermodynamic
scale of temperature has been
explained.

“The freezing point ol a substance is
thal lemperature at which a liquid
clringes into a solid at one
almosphere pressure. The freczing
poinl of a substance in the liquid
state is 1he same as its melling point
in the solid state. “This principle is

made use of in Unil 8 of this course.
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Multing points arc usuatly determined in capillary tubes open 1o the air. A capillary
tube is a thin glass tube about 1-2 mm in diameler. For meliing point
determination, a capillafy tube of aboul 8-9 cm long is taken and sealed at one end
by holding it horizontally into the edge of a small burner flame for a few seconds
while rotating it. The molten glass would seal the capillary. Formation of large
glass beads should be avoided. Let us now sec how the capillary tube is filled.

Labaratery Skills and
Techniyues

Melting point can also be
determined by keeping the liquid
bath in
i) along-nccked flask, known as
Kjeldahl flask, or .
i) a100em’ beaker. About 25 mg of the dry substance is placed on a clean porcelain plate and finely
powdered with a metal or glass spatula forming it into a small heap. The open end
of the capillary tube is pushed into the powder, when a small amount of the powder
gets into the capillary tube. The solid is shaken down Lhe tube by tapping the closed
end of the tube gently on the work-table. The process is repeated until the length of

the tightly packed material is about 3-5 mm. The outside of the tubc is then wiped

clean.

The capillary tubc can be heated in a liquid bath or on an clectrically heated metal
block. You may be using Thiele's melting point apparatus (Fig. 1.9), which is a tube
with a closed bent side-arm. On healing the benl side-arm, the heated-liquid
circulates and rises the temperature of the sample. The tube is filled with the liquid
10 just above the bent side-arm. No stirring is required. The bath liquid generally
used is liquid paraffin, which can be safely heated upto 220°C; above this
temperature it starts fuming and gets discoloured. Silicone oils, though more slable,

The attachment of Lhe capillary
tube 1o the thermometer through
maistening s duc 1o Lthe

, are expensive.
phenomenon of surface tension. .

You will study the phenomenon o4y 1he melting point apparatus, the thermometer is fitted through a cork. A

scction of the cork is cul away, so that the thermometer scale is visibic and ihe
heated air could escape. The filled capillary tube is moistened with the bath liquid
which helps in attaching the capillary tube to the thermometer. The filled capillary
tube is attached 10 the [ower end of the thermometer in such a way that the
subsiance is at the level of the middie of the mercury bulb. The thermometer, with
the capillary tube attached, is then inserted into the bath. Care is taken that the
open end of the capillary tube is well above the level of the liquid.

al surfacc 1cnston in Unit 4 of
1his course.

if the arrangement used in your
laboratary for noting the melting
point is dilfcrent from the one
explained here, you can gel the
details of usipg the same fram
your counselltor.
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The melting poing apparalus is heated with a small flame comparatively rapidly
- till the temperature is about 15° below the meliing point of the substance. Later
it is heated slowly such that the rise of témperature is about 2° per minute. The
. temperature at which the substance starts 10 melt and the temperature at which
i1 has completely liquified are noted. These two temperatures give the melting
range. As said above, for a pure compound, the melting rangé€ should not exceed
0.5 — 1°, In case of an unknown compound, an approximate melting point may

be taken first.

The following precautions must be observed while determining the melting

point:

| The-capillary uséd must be of uniform bore.

2, The packing of the substance should be compact and uniform.

3. Asand bath must be placed below the melting pdint apparatus, in case the
bath liquid is concentrated sulphuric acid.

4. A seclion of the cork must be cut away.

5. The heating of the flask must be slow.

6. The substance should be dry.

In the next section, we shall discuss filtration.

1.10 FILTRATION

Fiitration is employed for separaling a precipitate {rom a solution. For this, we
make usc¢ of a funnel, a circular sheet of filter paper, a stand, a beaker, a glass rod
and a wash bottle. A wash bottle is designed to deliver a fine stream of distilled
waler in a controllcd way. A typical wash bottle is shown in Fig. 1.10.

Fip. 110 : Wash holile. LY

The first step in the filtration of a precipitate is to fold the filter paper properly
into halves along-any diameter as shown in Fig. 1.11(a). The side holding three
quarters is opened to obtain a cone of the filter paper (Fig 1.11(b).
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(@)

Tear the comer here

Edges do not meet

(c)

®)

Besker with
precipilate and
mother liquor

Conical funnel

Filier paper

Receiving benker

)]

Fig. 1.11:8) and b) Folding the filter paper ¢ tearing Lhe cotner d) filtratlon sel-up

In order to get efficient filtration, tear off the upper tip of the [ilter paper cone
(Fig.1.11(c)) so thal the cone fits into the funnel. Also a long stem funnel should
be used. The filler paper conc is fixed in the mouth of the funnel using a little
water. Now the funne! is placed on a stand with its stem (ouching the side of the
receiving vessel kept for collecling the filtrate. The mixture to be filtered is
poured into the [ilter paper gently along a glass rod, the lower tip of which resis
on three quarters of the filter paper cone (Fig.1.11(d)). The solid particles in the
mixture will be collected on the filter paper, while the filtrate wili be collected in
the receiving vessel. At the beginning of filtration, the solid particles should be
allowed 10 settic down and the liquid should be decanted into the funnel, leaving
wwi. 2 the precipitate in the vessel. The precipilate should be washed with the
wash-liquid, the soii =72in allowed to settle down and the liquid transferred to
the funnel. This process is repeateq iv Jrew “w2 wrecinilate of otiie: iore "Finally
the precipitate is completely transferred to the funnel using more of
wash-ligaid. Usually wash-liquid is water or a liquid in which the precipilale is
insoluble. Wherever quantitative estimation is done, proper filler paper is to be
used as per the advice of the counsellor.
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1.11 SUMMARY

—=, Basic Laboratory Skills

In this unil, we discussed the safety measures to be adopted while w'or}.:ing ina
chemistry laboratory. We explained some of the techniques which are useful in
performing the experiments of this course. We also discusscd the relevant
calculations and the apparatus for these experiments,

1.12 ANSWERS

Self Assessment Questions

1

2)

3)

4}

5)

.6)

7

Titrimelric analysis consists in determining the volume of a standard solution
which is required to react completely with a known volume of the solution of

a substiance being estimaited,

i) Titration using phenolphthalein as an indicator

ii)  Titration using conductometer or mV/pH meler.

An analytical balance can be used for weighing masses 10 a precision limit of

LT T T s

T

0.2 mg.
18.3562 ¢
As per Eq. 1.5, molarity = l—ﬁ—(;%?%
1000 x 2
= Goxs00M
=01M
i} Sodium carbonale
1} sodium oxalaie
CO; . + 2H" H,CO;4
(from (from
Na,C0,) HCl)
Let My and M stand for the molarities of sodium carbonate and hydrochloric acid,
respectively while ¥; and V; refer 1o the equivalent volumes of sodium carbonate
and hydrachloric acid, respectively. In comparison to Eq. 1.13.
MV,
Mz' Vz - 2

8)

t

Mixtures of differcnt compositions of phenol and water are 10 be taken in

_dilferent test tubes and heated in water bath o Study the miscibility

tempceralure in cach case.
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UNIT 2 ‘HANDLING OF DATA

Structure

21 Introduction

2.2 51 Units
Bazic Units
Derived Units
Sl Prelixes
Grammatical Rules {or Representing 51 Units

2.3 Some Useful Mathematical Operations
Scicotific Notation
Using the Table of Logarithms
Finding the Numbers from their Logarithms

2.4 Significant Figures
Calculation of Significant Figures in a Number
Addition and Subtraction Maintaining Sigoificant Figures
Muttiplication and Division Maintaining Significam Figures

Taking Logarithms and Antilogarithms Maintaining Significant Figures

2.5 Laboratory Note Book
2.6 Tabulation of Data and Plotting of Graphs

2.7 Summary

. 2.8 Answers

2.1 INTRODUCTION

In Unit 1, we studied some of the laboratory techniques which are (o be used in
this course. As part of this, we discussed the methods of expression of
concentration and, titrimetric calculation. These (wo are, in fact, part of data
handling technigues. Handling of data consists of processing the experimental data
and expressing the values of the physical parameters with proper magnitude and
unils. Processing of data includes stepwise caiculation to obtain the value of a
paramcter and representation of results using tables or graphs.

In this unit, we shall discuss the basic and derived SI units. We shall explain the
principles to be followed in expressing a number in scientific notation. We shall
define the 1erm, significant figure, We shall explain how to maintain significant
figures while doing calculations of various types such as addition. suhtraction,
multipiication, division, taking logarithms and antilogarithms etc. We shuli finally
discuss how to record the cbservations, tabulate the data and plot the graphs.

Objectives

Aller studying this unit, you should be able to

e state the SI units of basic and derived physical quantities,

© arrive at the SI units of a physical quantity,
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® write numbers using scienltific notation,

® calculate the significant figures in a number,

® carry oul calculations maintaining significant figures,

® state the important features concerning the maintenance of iaboratory note book,

and
® cxplain the methods ol wabulation of data and plotting of graphs.

22 SI UNITS

Till recently in the scientific world, mainly two systems of units had been in

. tommon use. One is c.g.s. (centimetre, gram, second) which was more commonly
used over the European continent and the other is £.p:s. (foot, pound and second)
prevalent in England. A common sysiem of units helps in exchanging the scientific
facts and ideas originating from different countries. It is better still if the syslém
of units could be derived from the scientific formulae or fundamental constants.
This long felt need for a common system of scientific units was realised at a
meeting called General Conference on Weights and Measures in 1960, At this
meeting, the intemational scientific community agreed to adopt common unils of
measurements known as International System of Units, This is abbrevialed as SI
units from the French name, Systeme Infernationale. In this scetion, we shall first
stale the SI units for a few basic and derived quantities. Then we shali explain the
prefixes used to change the order of magnitude of the SI units. Also we shall state
the rules for representing the SI units. '

2.2.1 Basic Units

There are seven basic physical quantities, from which all other physical quanlities
can be derived. The units of these basic physical quantitics arc called basic units.
The names of these quantities along with their symbois, SI units and the symbols
of S units are given in Tablc 2.1. Each of these seven quanlities is regarded as
having its own dimension. The symbol of a quantity represenls its dimension as
given in column (ii) of Table 2.1. The dimensions of basic quantities are useful in
defining the derived physical qQuanlilies, which we shall study in subsection 2.2.2.
We will be using the symbols given in column (if) of Table 2.1 (o refer 1o the
dimensions of the basic quantities.

Table 2.1 : Basic Physical Quantities and Their ST Units

Hondling of Datg

TR I ODTERITE S
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Physica! Quantity Symbal of Quantity Name of the Symbol of the

S1 Unit 51 Unit
(i) (ii) (iii) (iv)
Length I meire m
Mass m - kilogram kg

) Nate that i (italicised) is 1he
Time . r second 5 symbol lar mass ol an object,
~ ’ while m (roman} is rlic symbeol

Eleclric current i ampere A of Sl uniL. metre.
Temperalure T kelvin K
Luminous intensity I - candela . cd
Amount of substance o - mole - mol
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For convenience, we shall use -
molarity (mol dm'J) unils (or
referring 10 the concentration of
solutions

IlM=1moldm

The definilions given [or area and
voluime are of general wype.
although specific formulac are 10
be used depending on the shape
or surface of an object.

.32

=} = 1000 mol m™

Tima

!

i
3
' 1
We are not going W deline Kilogram, metre e, since our aim is 1o use these i
unils and not to establish the basis of these units, }
I
2.2.2 Derived Units |
. - . . . |
All other physical quantities are reparded as being derived from the above seven
basic quanlifies by definitions involving multiplication, division, dilferentiation
and intcgration. Such quantities and their units are called derived physical
- quantities and derived units, respectively. In Tables 2.2 and 2.3, the dcrlvcd SI i
units without and with special names are given. g
Table 2.2 : Derived ST Uniis Without Special Names
Physical Delinition Dimensionul Name of the Symbol of the
Quanlity formula 51 Unit SI Unit
(i) {ii) (iii} {iv) (v}
Arca Length x length r square meire m’
Volume Length x lengih P cubic metre m’ f
% length :
Density Mass/volume mi? Kilogram per kgm™
cubic melre ;
i
Velocily Displuccment/Time i’ metre per second ms”’ i
Acceler- {Chanpe in velocity) i melre per second ms? R
ration Time squared
Molir Mass mn” kilogram per kg mo! ™
mass {Amounl of the Substznce) mole
Concen- . Amount/Volume ni? mole per cubic mol m”
raton” metre
Table 2.3 : Derived SI Units Having Special Names :
. Physical Definltion Dimenslonal Npne of the Symbeol of (e ]
Qunnitty formulo SI Unlt S Unit :
8] {in (iin} (v} (¥}
IForce _Mass x acceleration mif? newion Norkgm 52 r
Pressure  Lareefarca mbHwe pascal Paorkgm s 2fm™ '
-
=ity arkg m 1572
Encrgy Force x dislance mli2 joule Jor NmorPam? b
or work =Pt orkg m*s™ :
Elecue [E!cctnc) X lime I couiomb Coras ;
charge current
"Electric S N 22
pelential Erl-:'-qT—ﬂrl-@ ﬂ%'— volt Vorlc'a
difference - -CFIE clarge !
Fem® Aty
=mf il !
1 flectei sntial dille v 2ol :
Ei-.‘c!ru: (Llectric P()I!.I'I[Idl diflerence) i~ ¢ ohm O orV alor :
Tesislance {Electric Currenit) f :
ke m- A2 !
e B I
Elecrric L{(Electric resistance) Iy - sicmens SerAvV'or
conduciance =t .r\“' s kg_' m_:_
Frequency (Numberofl waves or cycles) 1 hertz Hz or s o
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From Tables 2.1, 2.2 and 2.3, you can find a direct correspondence between the

- dimensions of a physical quantily and the symbols of its SI units. For example,
see how from the dimensions of acceleration, its SI units have been worked out

below:

Dimensions of accclerauon =12 [cuiumn (iii) of Table 2.2)
Units of acceleralion =m s~ [colurnns (ii) and (iv) of Table 2.1] (in terms of symbols)

Next we shall discuss how the dimensions and the units of a physical quantity can
be obtained.

Deduction of the SI Units of a Physical Quantity

We can derive the dimensions and the units of a physical quantity, prowdefl a
mathematical relationship is available between this physical quanluy and other
physical quantities of known dimensions. Let us illustrate this by means of the

following examples:
Example 1
Suppose we want o find the dimensions and the units of the gas constant, R. The

mathematical relationship 10 be used for this is the jdeal gas cquation, Eq. 2.1.

Pressurc X volume =Amount of the substance x (2.1
gas constant X temperature
Rearranging this, '

Pressure x volume 2.2)
~ Amounl of the substance x leRtperature M

The dimensions of the quantities in the right hand side of Eq. 2.2 arc mentioned
in Tables 2.1-2.3. We used the dimensions of these quanlitics [0 derive the
dimensions and the units of R as shown below :

, . . ) Pressure X volume
Dimensions of R = Dimensions of
Amount of the substance X (emperature
-1 ,-23
mi "t - - -
= =Yy e o
nT Generally we represent the SI
units of i pliysical quantity in
. . -1 .1 ]
Hence, the units of R = Joule mole™ kelvin 7 . . Lerms of symbols in diis courae,

{Using the units corresponding to the dimensions mentioned in Tables 2.1-2.3)

Thus, R has lhc dimensions of (energy) (amount of the substancc)
(temperature) ™! and the units, J mol 7 KL,

Example 2

We can derive the S! units of surface tension using the following relationship : ;
tn a detailed way, you shail

) . ] ) sludy surface lension.and

Surface tension = Force per unit length (acting perpendicular 1o i liquid surfacce) viscosity in Units 4 and § of

1his caurse,

Force
= m (relationship is wrilien w0 arrive a1 1he dimensions)

Dimensions of surface tension = m!r‘z/l ormi 2
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N . - =1
Units of surlace tension =Nmor kg s™
(in terms of corresponding units)

Example 3

Let us now derive the SE units of coctlicient of viscosity. The coeflicient of
viscosity is defind as the (tangential) force (F) per unit arca (4) offered by a
liquid layer to create a unit velocity gradient (v/f). Velocity gradient means
drop in velocity (v) per unit length. Unit velocity gradient means a drop in
velocity of | m 5™ per every | m Ilength. ‘

Hence, coefficicnt of viscosity =(FfA)/ (vif)

Dimensions of coeflicicnl =(m!r'zﬂz)/(!/r.~')'
Ol visCousily

= (m!'l !_2) )
Units of coefticient of viscosily =Pa s (using corresponding units)

In general; the following hints would be useful in the deduction of the unit of a
quaniily (which we name as test quantity):

i) Write in cquation relating the [est quantity lo olher quantities of known
dimensions. :

i) Rearrange this cquation such that only 1he test quantity is on the left hand

side and others arc on the right hand side,

iii}  Substitute the dimensions of the guantities on the right hand side and
simplify.

iv)  Write down the units corresponding to the simplified dimensions, using
Tables 2.1-2.3.

Usc the above hinis and work out the following SAQs.

SAQ 1

Derve the units of the sceond order raie constant (k) using the following
equaltion :

Reaction rule =4 |rc;u:lzml]2

where reaction rate denotes the concentration of the reaciant used up per unit
time and [reactant] is the concentration of the reactant. Note that the

tonceniciktion is (o be expressed in molariy.
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SAQ2
From the equation.
kinetic energy =1/2 X mass x (vclocily)z, derive the units of kinetic cnergy.

2.2.3 SI Prefixes

We now discuss how to overcome the difficully of expressing the units of ph}'s-lf.'-al Prefixing of 1 units helps in

quantities, which are either very large or very small, as compared to the SI units. expressing a physical quantity,

We add a prefix to the SI unit such that the magaitude of the physical quantity of large or small, as a convenienl
number,

a substance can be expressed as a convenient number.
. . ) 1 Example: 7-4 x 10" m
For example, the bond distance in hydrogen molecule is 7.4 x 107! m. We )

= -1z
express it convenicntly as 74 pm where pico is the SI prefix and p is its symbol. X160 m
The list of ST prefixes it given in Tadle 2.4 and it is possible to change the order =74 pm
of magnitude of any unit using this table.
Table 2.4 : SI Prefixes -
Submultiple Prefix Symbo] - Multiple Prefix Symbol
107! deci d - deca da
10 centi c T/ hecto h
107 milli m 10° kilo k
10°¢ micro P 10 mega M
o’ nuno _ n 10° giga G
10" pico p 10 - lera T
107" femto f 10" pela P
10" awo a 10" exa E
More examples for usage of prefixes are given below :
10°m =1km; 10 = 1 ns
The unit for mass is kg which is already prcfixcd. We do not add a second prefix
but rather use a single prefix on the unit gram. Thus, 10 represent 1077 gram, the
unit used is ng and not pky. For 107 gram, mg is usced not uky.
SAQ 3
Write down the following with proper SI unit symbols and prefixes :
(a) 1077 metre {b) 107'2 second {(c) 10 pascal -
35
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I'hree na's in SI unils:
No plumls:

Nao Mull stops (excepl at the end
al a senlence):

No dashes,

Write down (U135 x 107 S nsing proper Sl prefix.

2.2.4 Grammatical Rules for Representing SI Units

The following rules would be of immense help 1o you while using SI unils

i) The symbol of a unit is never 10 be used in plural form. Writing 10
kilograms as 10 kg is correct but not as 10 kgs.

ii} In normal uvsage, full stop is used to indicate the end of a sentence or the
presence of an abbreviation. To denote the symbol of &1 unit as an
abbreviation by using a [ull stop is incorrect; but, il the S1 unit is at the ¢nd

ol & sentence, lhen the [ulk stop can be used.

iify  When there is a combination ol units, there should be a space between the
symbols, [1 the units are writien without Jeaving any space. the [irst leter is
(aken as a prefix. Thus, m s represents metre second whercas ms stands for

millisecond.

iv)  Always leave a space between the magnilude and the unit symbol ol a
physical quantity. For example, writing (.31 kg is correct but not 0.31kg.

v) Symbol of the unit derived from a proper name is represented nsing
capital letters but not the name of the unit (Tabl'r.‘ 2.3). For example,
writing 100 newton or 100 N is correct bul not 106 Newlon or 100 n.

vi)  For numbers less than unily, zero must be inserted 1o the left ol the
decimal point. Thus, writing 0.23 kg is correcl but not .23 ke

vii)  For larger numbeis cxceeding five figurcs, one space after every three
digits (counting from the right end) must be lelt blank. Commas should
not be used to space digits in numbers. For cxample 15 743 231 N
is correct but not 15, 743, 231 N. It is preferable Lo use proper Sl

prefixes.

Tt em unit, ¢ {cenli. lD':) is the
prefix ol the unit. m (mutre). viii) The degree sign is to be omitled belore K while representing

36

temperature. For example, 298 K is correct but not 298° K.

ix)  You should not mix words and symbols for representing S1 units. For
_example, it is proper to write N m~2 or newton per squarc metre and not N

per square metre.

X) Exponents (or powers) operau, 0n prefixcs also, Lcl us derive lhc
relationship between cm” and m using the relation, 1 cm= 1072 m.
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- ’ Handling of D
1 cm® =(1 em)® =102 m)x (102 m) x (102 m)=10" m? ancing of Data

Thus, 1 cm? is egat to 107 m® but not to 1072 m? or 1073 m?

xi)  To show that a.particular unit symbol has a negative €Xponent, one may
be tempted to use the sign “/ ", known as solidus. It is better 1o avoid the
usage of this sign and if used, no more than one should be employed. For
example, representing pascal (kg m™" s%)as kg/m s? is allowed but not as

kg/mys”.

'xii) The physical quantity ‘amount’ should not be called ‘ number of moles’ just
as the physical quantity ‘mass’ , is not called number of kilograms.

So far, we studied some rules for writing SI units. Let us now discuss the dimensions
of some mathematical functions which are useful in studying this course.

While representing the relationship among the physical quamilies of substances,
we often come across the mathematical functions like sin x, and In x. It is 10 be

kept in mind that trigonometric functions (sin x, cos x etc.) exponential functions
P

functions (¢* or £™) and logarithmic functions (In x or log x) are dimensionless
quantities and hence, have no units.

You can understand the validity of this statement, once you recapitulate the
definitions of these functions. We shall illustrate 1his for the functions, sin x and 5.

-]

Q
From the right-angled triangle PQO (Fig. 2.1), a Fig. 2.1 : Right angled triangle

Sing = Length of PQ
Lengthof QP

Evidenly sin @ is dimensionless and has no unit. The same is true of other
trigonometric functions also.

As an illustration for the exponential series, let us considér ¢f

2 4
X X
_+_+£+%+ﬁ_

E=l+ o+

Since addition or sublraction must be done between quanlities of same

dimensions, I,x,.rz,xz.... eic. in the above series must all be of the same
dimensions. This indicates that x and €~ are dimensionless and unitless. Again
this is true of ¢™ and In x or log r also.

We have to be careful in using dimensionless quantities such as logarithmic
quantities in calculations. For example, while using logarithmic quantities in
calculations, it is necessary to divide the physical quantilies by the respective
. 1.1 1.1

its, i H =1t+—gDgyr 1
units. See the following examples =1+t TR TR TR

i) log [H*|M : [H*] bas molarity unit and it is =278

divided by M to render it I!ista be read as * facterial’ 1;

dimensionless; this is used in SAQ 12 2!is to be read as 'faclorial’ 2

of this unit in subscc 2.4.4. 3!is 10 be read as 'factorie;_l 3 et
Also 11=1; 2!' =1=x2

i} log (Ve - VYem® . V. and V, are volumes of nitrogen gas o1 x2x3

at infinile time and at time f; in order

to render (V, — V) dimensionless, it is
divided by em™ unit. See Example 14in -
Sec. 2.6 of this unit. .

4 =1x%2x%3 x4 ele.

Further, " refers 1o the other
mernbers of the exponential serics.
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‘Exponent” means ‘power’ of a
number.

[n case of integers (such as 307 or
2325 given in Table 2.6), the
decimal is assumaed ta be preseat
alter the last digit. Thus in 307,
the decimal is assumed Lo be
present alter 7; 1o convert it ino
scientific notation, the decimal is
laken twa piaces o the ielt, Le.,
before 7 and 0. Hence, Lhe
exponent is +2 (or simply 2).
307 =307 x 107
Simitarly 2325 =2,325 % 10°

[The decimal assumed 1o be
present alter 5 is taken Laree

places 1o the left before 5, 2 and 3.)

SAQ 5
State the 81 umits of R using u solidus.

2.3 SOME USEFUL MATHEMATICAL OPERATIONS

It is useful to recapitulale some mathematical operations involving the exponents
(or powers) as given in Table 2.5.

Table 2.5 : Operations Involving the Exponents

. Operations Farmuka Exnmple
Multiplication NNY=N*Y 1P x 10° = 16°
Division = NYNY = N= 10°/10° = 10°
Raising 10 d power N =N" (ao%y’ = 1"

Taking a power root VN =N G 2V =10 = 10°
@iy 3V10" = 10%° = 10"

Having secn the exponential operations. let us sec how to express the numbers in
scientific notation. '

2.3.1 Scientific Notation

Usually during multiplication and division, we come across numbers greater than
10 or Icss than 1. It is convenient lo express such numbers in sciealific notation.
You may have studicd this in your carlier classes. For Lransforming a number into
scicntific notation, use the following steps:

i) Write the number with the decimal after the first nonzero digit. This is
called the coeflicient term.

Muftiply the number writien in (i) by 10 raised (o an integral exponent; Chis
exponent is equal to the number of spaces the decimal has 1o be moved to
bring it after the first nonzero digit. The exponent is positive il the decimal
is moved to the’left (the number is 10 or greater); the exponent is negative
if the decimal is moved to the right (the number is less than 1).

i

The examples given in Table 2.6 should help ydu in understanding the above steps.

Table 2.6 : Scientilic Notation for Numbers

Number First Decimal Scientific CoufTicieni Exponent
Nnonzero movemnent n()lﬂtiﬂll term
digit

307 3 2 places ta 3.07 x 10° 3.07 2
the Icll

2325 2 3 places Lo 2,325 x 10° 2325 3
the lelt

-0.00607 - 6 - -3 places to 6.07 x 107 6.07 -3

the right

Cont...
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0.04325 4 2 places to

) the right

30700 3 4 places to
the left

232500 2 5 places to
the left

4325 % 102~ 41325
3.07 x 10* 307
2325 x 10° 2325

The numbers between 1 and 10 do not require the scientific notation. Thus the
number, 3.2, can be written as such; ts scientific notation is 3.2 x 10° and, 10° =

2.3.2 Using the Table of Logarithms

Often you have to use the table of logarithms during calculations. You may be

knowing

® how to obtain the logarithm of a number and also

® how to obtain the number from its logarithm through the usage of antilogarithms.
It is useful to recall the rules stated in Table 2.7 while using a logarithmic table,

Table 2.7: Rules Useful in Evaluating Logarithmic Expressions

Rule

Example

0] log m° =alogm

M

(i)

{ii) log it =logm+iog n

(itt} logmin =logm-iogn

(iv) logm/n "=—lognim

=—(log n-log m)

) N =¢”
log. N =InN =Ine’
=y lne=y

(i)

log 10° =3 log 10
=3x =3

log 10 =-3iog 10
=-3x]1=23

log 567.0

log £.670 ~ 10°

=log 5.670 +log 10?

=log 5.67¢ +21og 10

=0.7536 +2 =2.7536

log 0.00229]

=log 2.291 x 10

=log 2.291 + log 107

=0.3600 -3 log 10

=0.3600 -3 or 3.3600 =—2.6400

log (5.612/1.608)

=log 5.612 ~ log 1.608

=0.7492-0.2062 =0.5430

log (1.608/5.612)

=- {log 5.612/1.608]

= -0.5430 (or T.4570)

7.389 =¢?

In7.389 =Inc?
=2ine
=2x1

=2*

The answer ‘2" has to be writien as 2. 000 for keeping the significant i l'gures We shali

discuss this in Sec. 2.4 of this unit,

Handling of Datn

Remember that ‘In' means nagural
logarithm ond it is to the base e,
and, ‘log’ means common logaritlim
and it is lo the base 10, These twa
logarithmic [unclions are related as
follows:

Inx=2303 logx

In this course, we make use of
logarithm to the base 10 only lor
calculations,

log;pl® =log 10 =1, sin¢e 10' =10
logypl =log 1 =0, since 10% =1

Logarithm of a number greater than
L is posilive,

Logarithm of a positive fraclion is
negative.

Wihen you want 10 see loganithm of a
quantity such as i where r (Lhe
numeralor) is greater thianr (the
denotninalior), use rufe (jii). On -
olker hand, ifa is less than u, then use
rule (iv). Try 10 understand the
examples given for rules (fii) and (iv) in
Table 2.7

Rule (v) involving I;og.'lrilhm o the
base ¢ is given only for showing the
similarily with logarithm Lo Lhe base 10

log, e =ine =}

lng, 1=In1 =0
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Vabnratory Skills nnd
Technigues

For tlic number, 607.0. the
logarithm is 2.7832. Here "2'is

the chareleristic and
the mantissa. For cxp

see Table 2.8,

[t you arc nel aware «

|Iul?832I‘ is
lanalion,

H using Lhe

table of Togacithms and

anulogarithms, consull your

<

[h]

In casc you have any problem in snderstanding the examples worked out in Table

2.7 or in finding the logarithm of a number, us¢ the following steps, which are

illustrated in Table 2.8

i) Write the scientific notation of the given number.

ii)  The mantissa is cqual o the logarithm of the coelficient term; you can sec
logarithms from the lables given towards the cnd of this block.

iii)  The characteristic is equal to the exponcnt (Or power of 10) in the scientific
notation.

iv)  Add thc characicristic and mantissa as per rule (ii) explained in Table 2.7
the sum is the logarithm of the given number.

While expressing the logarithm of a number less than one, the characteristic (and
the loparithmic value) can be cxpressed cither with

(i}  a negalive sign or
(i)  with a bar sign (i..c. “—" sign over the number representing the
“characteristic).

The former is usclul in representing the logarithm of a number such as in pH
calculations in Experiment 8 of Block 3 of this course. The lauer is uselul while
carrying out multiplication or division.

A few examples are discussed in Table 2.8.

‘Table 2.8 : Finding the Logarithm of Given Number.

Number Scientific Coeflicient Mantissa Exponent  Churncteristic Logurithm
notation = lop (coelTicient) =Exponent of the number
=characleristic
+maontissa
5.000 8.000x 10° $.000 log 8.000 0 ¢ 0+0.9031 =0.9031
=0.9031
§0.00 8.000 x 10' 8.000 log 8.000 1 1 1+0.9031 =1.903]
=0.9031
007.0 6.070 x 107 6.070 log 6.07¢ 2 2 2+0.7832 =2.7632
=0.7832
2325 2325 x 10° 2.325 tog 2325 3 3 0.3664 + 3 = 3.3664
= 0.3664
0.8000 8.000 x 10 5.000 log 8.000 -lorT -1 -1+ 09031 = -0.0969
= 0.9031 (or1.9031)
0.006070 6.070 x 10 6.070 log 6.070 -30r7 -3 0.7832-3=-22I63
= 0.7832 {or 3.7832)

1 is Lo be read as “one

bar™

I3q. 2.3 is useful in Ginding out 10°

whether x is positive o

40

r negalive.

From fable 2.8, you can see (hat the logarithm of a number greater than 1 is
positive; the logarithm of a number less than 1 (but greater than 0 ) is negalive.
It is so since log 1 is zero. It is meaningless 10 look for the logarithm of a

negalive quantity. .
2.3.3 Finding the Number from their Logarithms

To find a number from its logarithmic-value, we have to find out the
antilogarithm. We shali ug: lic ™ilowing pal~tionzt 1oy e jooking for

antilogarithms.
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log N =x . )
N =10" = aniilogx . - _ .. (2.3)

Let us scc some examples,

i) When x is positive

When the exponent x is positive, use the following steps for finding N as per
Eq. 2.3.

1}

Exponent term = 10 (':ham‘""“i'“i':{' - (2.8)
ii)l The digil(s) after the decimal in the logarithmic value should be taken as
thc mantissa and must be converted into the coefficient term by looking
for the antilogarithms given towards ihe end of this block.
Coefficient lerm = aniilog (mantissa ) i ... (2.5)
iii)  The answer is obtained by multiplying the coefficient term and the
¢xponent term.
Answer =Coelficient term X exponent term , ... {2.6)
Example 4

The digit(s) before the decimal in the given loparithmic value should be
identified as the characteristic and must be converted inlo the exponent

term.

Finding N if log N =1.5100

In this case, characleristic =1 and,
mantissz =0.5100

Using Eq. 2.4, the exponent.term =10 (characteristic) _ 441

Using Eq. 2.5, the coelficient term =antilog (mantissa)

=antilog 0.5100

=3.236

Using Eq. 2.6, N =3.236 x 10 or 32.26

Exumple 5 -

Finding N if log N =2.3510

Here, characteristic =2 and

mantissa =0.3510

Using Eq. 2.4, the exponent term =10°

Using Eq. 2.5, the coefficient term =antilog 0.3510

Hence N =2.244 x 10° =224.4

=2.244

Example 6

Finding N, if log N =0.3510

This is similar to_previous example except that ‘0 is the characteristic.
P Pl P

Handling of Daia
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Laburitory Skills and Hence N =2.244 % l[][]
Techniques
=2.244 [since 10° =1]
ii) When r is negative

When x is negative, use the following steps (or finding N, as per Eq. 2.3,

i} The negative number is shown as the sum of a negative integer and a
positive [raclion.

Note that characteristic may be . . . . o '

o bat chafactcristie Py 5¢ ii)  The ncgative intcger is considered to be the characteristic {or a number

either posilive or negative; Lhic ) . , .
having a bar above) and is to be converied into the cxponent [erm using

minlissa is always posilive, d
Eq. 2.4. Note that you get a negative exponent for L0 in this case,

iii)  The positive (raction is cqual to the mantissa and is 10 be converted into
the coefficient term by looking for the antilogarithms. For this, you use

Eq. 2.5.

iv)  The anwer is obtained by multiplying the coefficient term and the exponent
"term as given in Eq. 2.6..

Usc tie ollowing cxamples Lo understand these steps :
Example 7
Finding N, if log N = — 4.5000
We have to find antilog (- 4.5000)
Step (i) :log N =-5 +0.3000 (or 5.5000)
_ Step (ii) : characleristic =— 5
Using Eq. 2.4, exponent lerm ¥10_5
Step (iii) : Mantissa =0.5000

Using Eq. 2.5, coefficient term  =antilog (0.5000)
=3.162

Step (iv) : Using Eq. 2.6, N =Coellicicnt Term X cxponent term

N =3.162 x 107°
tn other words, 10~"5% —antilog (- 4.5000) =3.162 x 107

Exumple 8

Finding N, if log N =- .3260

e L T

Step (i) : mg N =— 1 +0.6740 (or 1.6740)

Step (1i) : characteristic =-1;

Henee, expencnl it = v

Step (iii) : Mantissa = 0.6740

Hence, coeflicient term = antilog 0.6740 =4.721

Step (iv) <N =4.721 x 107 =0.4721
42 :
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03200 Iaadling of Dula
. In ather words, 107" =472}

Many a limes, we have to find the square rool. cube root elc. of a number. Now
let us study the method of finding a specified root of a number.

Finding the rvots using logarithms

To lind the specified rool of a number using logarithms, do as in the examples

discussed below for two dillerent cuses, -
Finding the specilied root ol a number greater than 1

Example 9
Find 44300'7
44300"* =antilog (log 443007

First find log 44300'7

For (inding the root. we use
the principle that.

log 44300'7
=1/3 log 44300 (using rule (i) of Table 2.7) antilog (log N) =~ )
=1/3 (4.6464) (Go 1o the next step by doing ordinary division)

=1.5488

From 1he above log valuc, find the antilog value as stated in the previous
examples.
antilopg (1.3488) =35.38
Therefore 44300'7
=antilog (log 44300'7)
=3538
Finding the specified roat of & positive Iraction
Example 10 |
Find (0.000004000)'3

When the given oot of a posilive [raction is (0 be found out, first rewrite the

problem using scicntific notation.
(V.000004000) 7 =(4.000 x 10717

While 1aking cube root, we should sce whether the exponent in the scientific
notation is exactly divisible by 3. In the present case, the exponent (- 6) is exactly

divisible 3. In such cases we procced as {ollows :

(4.000 x 107%'? =untilog (log (4.000 x 107%)"?)

Step () : Find the log value of the number inscientific notation.
log (4.000 x 10~%'3
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Luborutory Skitls and
Techniques

Step (ii)

[n this section, we have explained
the use of logarithms and
antilogarithms during
calculations. It is preferable to
mainlain significant figures also
during calculations. This aspect
will be discussed in Sec. 24,

Hence, the answer should be 1.588 X 1072

=1/3 [log 4.000 +log 107°]
=1/3 [log 4.000 - 6 log 10]
=1/3 [0.6021 - (6 x 1)] [since log 10 =1]
=0.2007 - 2 _
. Find the antilog value for the answer obtained above using the
principles stated previously.
Characleristic =~ 2
Hence, exponent =1072
mantissa =0.2007

Hence, coefficient term =anrlilog 0.2007

=1.588

e, (0.000004000)" =(4.000 x 10757

=antilog (log 4.000 x IO'G)”Z'

~1.588 x 1072

Example 11

Fing (0.0004600)'7

(0.0004600)'” =(4.600 x 107413

LA Bt - i = 7 1 ]

Car=on |

s res T e e

In this case, the exponenl term (- 4) is not exactly divisible by 3. In suclt cases, il
is better (o conver! the cxponent lerm into the nearest lower number that is
exactly divisible by 3. In the above example, the cxponent term is converted from
107~ 10 1075, since —6 is the nearest number Lhat is lower than —4 and is exactly
divisible by 3.

(4600 x 1077 =[460.0 x 1077

antilog |1/3 (log 460. 0 x 107°)]

W

antilog [(1/3 X 2.6628) +(1/3 x ( -6))]

= antilog [0.8876 - 2] '
Characteristic =— 2 and so, exponent ferm =107
Mantissa =0.8876 and so, coelficient term =7.720
Hence antilog [0.8876 — 2] =7.720 x 1072

ie., (4.600 x 107H7

= anlilog (log (4.600 x 107H'?)

=7.720 x 107

" In this section, we saw the use of some mathematical operations, logarithms and
antilogarithms. We must use them in our calculations subject to the following

- - condition:-
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“The accuracy in the final resull in terms of number of digits should be in keepmg
with the accuracy of the measurements made during the experiment”.

To understand the importance of this principle, we must understand the concept
of significant figures. This is dealt with in the next section.

In the previous examples, you studied the methods for finding out the cube
root. In the following SAQ, you are asked to find out the square root. Try to

work out this.

SAQ 6
The solubility product (Rgp) of manganous sulphide is given by ihe fotmula,
Kyp = s5°

wlicre § is the rolubility of manganous sulphide (in motarity unils) in waler.

- Sy A B Z
1 Ryp Tor manganous sulphide is 3.000 x 10 Y find its solubility in mol ¢dm ™
nnils. (Note that is @ convention 1o exproess K-\i‘ as a dimensionless number. You

. . . . . . . . -3 .
take square fond ol the given A, value, which will give S in moel dm™ units.)

2.4 SIGNIFICANT FIGURES

In Sec. 2.2, we discussed the units of physical quantities. Let us now focus our
altention on the magnitude of physical quantities. Whenever we iry to make any
measurement, we are not certain about the actual value. Errors may creep in duc
to many reasons. Many a times, the calibration jusL as in a buretle orin a
graduated pipetle may not be exact. Even the conditions of measurement may
vary. For example, warmth expands a scale (ruler) by constant usc, or it may get
shortened due to rubbing against surfaces. Also, we are limited by the degree of
accuracy to which our eyes can read the scales. Finally, our work is always subject
lo personal error. Since'our measurements are uncertain, our report of the
measurements laken (rom experiments should reflect oﬁly whal wc are reasonubly
sure of. Supposc that an analysis involves a number of measurcments. Of these
measurements, the one which invoives the least accuracy is called the limiting
measurement. The final calculation would be meaningful if it reflects the
accuracy of the limitling measurement. In other words, the final I'LSLIII should not
Dt I LCZET2' than the limiting measurement,

For example in an experiment involving the calculation of molarity of -
hydrochloric acid using standard sodium carbonate solution, the follomng two

measurements. are mvolved -

Handllng of Duts

You shall study the method of

finding K,

in Unit 2 of Black 3
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Laboratury Skitls nnd
Techniques

Accuraey is the degree of
agreement belween the measured
value and the theoretical valug,
Accuracy relates to the reliability
of the resulis.

I’r(:l_:ision is defined as the degree
ol agreement between repeated
measurements. Precision rediies (o
the reproduclbility of the results.

(D

Precision does nol assure accuracy.

An example is finding the mass of a
substance repeatedly wherein one
al the weights used is in crror,
Same error accurs in ench
measurement and 1he answer
would be Ihe same during repeated
cxperiments, but stifl is nol exacl.
Tha is, lhe result has precision bul
nol acecuracy.

Accuracey in the expression of
experimental resulis should be in
keeping willy the accuracy in the
performance of the experiment,
Mainténance of significant Ngures
during ealculation helps i
avoiding Lhe hyproerisy af
expressing the result whick seems
Lo be mare accumale than the
performance of 1he experiment!

finding the mass of solid sodium carbonate in an analytical halance
accurate 10 four decimals; this is followed by dissolving it in water and
making up to a known volume to prepare a standard solution of sodium
carbonate. '

finding the titre value of standard sodium carbonale solution for reaction
with a known volume of hydrochloric acid; the titre value is known (0 one-
decimal only, -

Of the two measurements involved, the titre value {running for onc
decimal) has less accuracy than the mass weighed (running for four
decimals); hence titre value represents the limiting measurement. This fact
should be borne in mind while calculating the molarity of hydrochloric acid.
In order to understand the way of represeniing the final result in keeping
with the accuracy of the limiting measurement, we should undersiand the
concept of significant figures.

2.4.1 Calcuiation of Significant Figures in a Number

The significant figures can be defined as the number of digits necessary to
express Lhe results of the experiments consistent with the precision in
measurcments. Significant figures include all digits of the number
represcnting measurable divisions and one digit representing an estimated
division. The significant figures in a measurement are determined using the
foliowing rules.

0

ii)

iii)

iv}

v}

The digits 1 10 9 are ail imporiant. So the number, 45, has two signilicant
firures; and, the number, 4.946, has four significant {igures.

Il zero is placed belween two non-zero digits, then it is significant. For

example, both 3.0045 and 30045 have {ive significant figures.

It zere s 10 the right of the decimal point forming the (inal digit(s), then
ilso it is signilicant. For example, 42.0, 4.20 and 0.420 all have three

significant [igures.

Zero is not signilicant when it is used to mark the position of the decimal
point in a number icss than one. For example, 0.1235 and 0.0001233 both
have only four significant figures. The zero in 0.1235 and all the four zeros
in 0.0001235 are used 10 mark the posilion of a number less Lthan cone;
hence, these zero's are not significant.

A 7ro that is used 10 mark the decimal place in a number greater than one
is usually not significant. Specially when the zeros are used as place
markers rather than being part of the actual measurement, they are not
significant. For example, consider the volume of a liquid measured as 600
em? using 2 measuring jar. Let-us cxamine this for the purpose of |
significant figure calculation. It is not possible 1o determine whether the
zeros are used merely to place the decimal point or whether they are a part
of the measurement. The accuracy depends on whether the subdivisions in
the measuring jar are in terms 160 cm® or 10 em>.*In such large-volume
measunayg jars, 1 cm® subdivisions arc not made. In the former case, 600 cm?’,
represents a significant figure of one and in the latter case, it is lwo.

‘I'he job is made much casier, if you represent the numbers using the
scientific notation. The signilicant figure in a number is.equal to the total
nuniber of digits in the coclficient ol scientilic notation of that number.
For example the number 30900 has its.significant figure value depending on
the way the coefficient is represented. Sce the following three cases.
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Case i):

Case ii):

Casc iif) :

30900 =3.09 x 10 ; significan! figure is 3; the subdivisions used in the
measurement are in terms of hundreds.

30900 =3.090 x 10 ; significant figure is 4; the subdivisions vsed in
the measurement are in terms of tens.

30900 =3.0900 x 10° ; significant figure is 3; the subdivisions used in
the measurement are in terms of unils (ones}).

We can lake yel another example, say 0.003061. Iis scientific notation is 3.061 X
107>, Obviously, this has four significant figures; note that all the zero's before

3061' are nol significant.

vi)

The significant Fguré calculation arises only for measured quantities of
un experiment wherein some uncertainty is possible. The universal

constants (such as pas constant, velocily of light elc.), the quantitics
obtained by counting and, the quantitics arising out of definitions (such
as I inch =2.54 cm) are considered to be cxact. For these exact
quantities, we need not calculate the significant figures. The exact
quantitics are assumed (o have infinite number (i.c,, a very large
number) of significant figures. Let us see the following examples to
understand the significance of exact numbers.

i) For the relationship,
Volume of u sphere = %J’l’ (radius)®,

The significant figures in volume and radius should be the same; 4, 3 and
are considered exact since these are constants and, are assumed 10 have a
large number of significant figures. For example, if the radius is 2.4 cm,

then volume of the sphere = % x % X (2.4)3 cm®

=58 cm” (16 o signficant figures)

Table 2.9 : Signilicant Figures and Scientific Notution

Number Scientific  Coelficient  Number of Number of Expianation
noLation digils in significant
the figures
coclficient inthe
cacflicient -
{1} {if) (iii) (iv) " - ()
307  3.07x10° 3.07 3 3 Al digits are signilicant. In each case, the
2325 ' 2.325x10° 2325 4 4  decimal point in the number given in column
(i} is undersiood Lo be afier the last digit.
(@) (it) (iii) (iv) &) ()
307.00 3.0700x10° 3.0700 5 5 All zeros alter the decimal paint arc significanl
2325.0  2.3250%i0° 23250 5 5  (since these succeed nonzero digits).
_0.00307 3.07x107 io7 3 3 All zeros after Lhe decimal point but before
0.02325 2.325x10°" 2325 4 the first nonzero digit are nol significant
because Lhey anly [ocute the decimal poinl.
30700 307xa0 3.07 3 3 Allzeros after the last nonzero digit are
3.0700x10" 3.0700 5 5  considered not significant, unless the accuricy
of the measurement is known. As per
the accuracy
232500 2325x%10°- 2325 4 4  of the measurement, the scientific notation
2.32500x10° 232500 6 6  isto be writlen and significant figurcs

" calculated accordingly.

I1iandling of Dnt

The lirst ionsero digit

(i) in 000307 is 3 and

i} in 0.02325 §5 2

Txe last nonzero digit

(i) in 30700 is 7 and

{ii) in 232500 is 5.
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Note that the answer (‘58 cm3’) has 1wo significant figures, since the radius
(‘2.4 cm’) has only two significant figures. We are not concerned with the

significant figures, of 4, 3 and x (i.e., 2217), since these are exacl quantities
and are assumed 10 have a large number of significant figures.

ify  Sometimes , in an experiment we may have to count the number of 1G3HE6X
species. For example in Unit 4, you shall study the ‘drop number method’
for determining the surface tension of liquids. In this method, one of the
measurements relates to the counting of number of drops of a liquid
falling ihrough a ndrrow tube. The number of drops must be a whole
number and could be counted exactly. Hence, we need not calculate the
significant figures for the drops, (use this idea in SAQ 11 of this unit and
in SAQ 3 of Unit 4). -

More examples for significant figure calculation are given in Table 2.9.

Before trying to know aboul arithmetic operations involving significant figures,
work out the fellowing SAQ.

SAQ7
Determine the significant figures for the [ollowing:

() 7.336 (1i) 830 (iii) 1030 (1wo possible answers)
(iv) 34121 (¥) 00.00030

2.4.2 Addition and Subtraction Maintaining Significant Figures

The thumb rule in maintaining the significant figeres during addition and
subtraction is.given below :

The number of decimal places in the result should be the same as the smallest
number of decimal places among the data.

If you follow the steps in the same order as given below, addition and sublraction

would be easier during the scientific calculations :

i) Write down the Rumbers to be added or subtracted one below the other in
a spacious way and also find out the calculated value as per addition or
subtraction.

ii) Pu1 a circle round the significant digit at the right end of cach numbcr; (his
circle indicates the uncertain or eslimated figure.

iif) At the top of the numbers, give the column number from right to left in
Roman numerals.

iv)  For each of the data, locate the column number containing the uncertain or
estimated figure. Among the column numbers conlaining uncertain figures,
the highest is noted.

v) The [inal answer must contain digits only upto this highest column.
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Example 12 Flundling of Data |

To illustrate the use of the above rules during addition, an _examp[c is given in
Table 2.10. This example concerns the following addition :

5.311 +28.12 +1.5102

Table 2.10 : Addition involving significant figures

Column numbers: from right to left Column number [ighest column
contnlning number
the uncerilaln canlalning -
fgure unccrinin
I'Igu're
vl v v I I I

5 1 0 @ [
Calculated 3 . 9 4 1 2
answer / l

Final 34.94 ] H
answer is : _,
1]
1
h

First nonsigrilicant digit (it is less than 5 and
hence is dropped; for explanation
see belaw).
The answer conlains only uplo column |11 from righl; il i got by rouading off the Grst
nonsignificant digit (1 in column 11). .

Note that 28.12 has two decimal places while 5.311 and 1.5102 have three and
four decimal places, respectively. Hence, the lowest of decimal places in the given

data is (wo. ‘The answer, 34.94 must have (wo decimal places only in conformity E
with the thumb rule stated above. £
Another f{act o be kept in mind while applying the above rules is that the L
nonsignificant figures arc 1o be rounded off helore discarding them. The following
E

principles arc used for purposes of rounding off.
L

a) If the first nonsignificant digil is less than 5, that digit is dropped as such. E
For the cxample discussed in Table 2.10, the Srst nonsigaificant digit is 1 ¢

and it is dropped (in fact, 0.0012 is dropped as such). | E

‘ 4

b} If the (irst nonsignificant digit is equal to or grealer than 5, that digit is :
dropped and the last signilicant digit is increased by 1. For example, if [

5316, 28.12 and 1.5102 are added, the calculatcd answer js 34.9462. Similar f

to the 'principlcs illustrated above, 0.0062 is 0 be omitied. But since the :

first nonsignificant digit is 6, the final answer is 34.95, (got by rounding off
the last significant digit from 4 10 5).

Example 13
, . Lo . . Remember that Lhe steps 1o be
Ap example for subtraction using significant {igures has been given in Table 2.11. followed arc the same for both

r'he example concerns the following subtraction: addition and sublraction.

17.58 — 1.246 S o ' .
49
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Table 2.11 : Subtraction involving significant figures

Column pumbers from righl fo left Column npumber Ilighest column

conlalning number
the uncerinin conlalning
figure uncerialn figure

Calcutated 1 6. 3 3 4 +— nonsignificant digit (it is less
ANSWET IS ’ / l than 5 and hence. is dropped).
Final 1633 .
answer is

¢ answer conlains only upto column II [from right; it is got by
rounding off the nonsignificant digit (4 in column I}.

Among the two numbers, 17.58 has (wo decimal -places while 1.246 has three
decimal places. Evidently the final answer, 16.33, also has two decimal places,

So far we studied the methods of carrying out addition and subtraction
maintaining significant figures. Let us next do multiplication and division
mainlaining significant figures. Before that try the following SAQs.

SAQ 8

Using the individual atomic weights piven below, calculate the formula weight of
Ap-MoO, maintaining significant ligures

Stlver : 107.870
Molybdenum : 95.94
Oxvaen : 15.9944
SAQ ¢
Carry oul the following maintaining the significant figures :
- 6,37 -4.675

2.4.3 Multiplication and Division Maintaining Significant Figures

The common steps to be followed in multiplication and division mainlaining
significant figures are given below. You can verify their application using
Table 2.12. '

i) For each number involved in the multiplication and division operations,
wrile duwn the scientihc notation and the coeflicient.

it} Find out the significant ligure value of cach cocfficient; identify the lowest .
among these significant figures.
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i) Do the actual multiplication or division using the scientific notation of the
numbers. Reduce the answer to the lowest significant figure obtained in
step (i) above. The thumb rule in maintaining significant figeres during

multiplication and division operations is as follows :

“A product or quotient will contain as many significant figures as the coefficient

of the term with the smallest value for significant figure™.

You will be able to understand this much betier by seeing how the multiplication
(25.72 x 221) and the division (666/0.06000) are don& in Table 2.12.

Table 2.12 : Multiplication and Division Maintaining Significant Figures

Number Calculated Yalue
Problem Lowest Coefflicent reduced Final
Scientific CoefMiclent Significont  of the Normal Scientific, (0 lowest of answ
nolntlan figure  significant represen— nolntion the signlficant
fipures tallon Mpures os
) glven in o)
w an ity (iv) (v} ) (v} (viii) ()
25.72 %221 2.572x10! 2572 4,
' 3 5684.12 5.68412%10° 5.68 5.68%10°
2.21x10° 2.21 2 (10 three signi-
ficanl ligures)y
: 2 ’ . ]
6616 6,661 6.66 i - 1.11x10
- 3 11100 or 1.11 Lilxio!
0.06000 6.0(}0)(10_2 6.000 a L1 10:-:!04 {lo lhree significant
or ligures)
L.1100x10"

As a test of understanding Table 2.12, work ouit the following SAQs.

SAQ 10

Carry out 1he following operations and report 1he answer with proper significant figures :

19.0 % 20.00
0.79/1.516

SAQ 11

[n Unit 3, you shall study ‘drop aumber method’, using which the lollowing
relationship hetween the surface rension values of wo liguids such us, mercury

and waiter (73 and r), can be compared. To do this, number of drops of mereury
and waer (a2 and p) in the same volume ol cach liguid and the densities of the
o

two liguids (d)y, and d.;} must be known,

'Using the following date at 293 K, calculate the significant fipures in the Nnal
answer for n/ay, (lhe ratio of the number of drops of water to those of
mercury). You shall do the actual calculation in-SAQ 3 of Unit 4 of Block 2 of
this course.

”“. _ ri{E
H“g o

d

W

(f| IE’.

Don't be almid on sceing the
lengih of SAQ 11 ! MosL of it is
meant to give you background
.information. The actual

queslion is given in bold letters.
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Lnboratory Skilis and
Technlques

In Column (vi), rounding
olf is done only, if the
significant figures stated in
(iv) are less than four.

ng =0472 N I!Il'l_'l

o =0.07288 N m™!

dyjy =13.6 kg dm™

dy =1.0Nka dm™

Hint : Although a,, and Ry Are cxict numbers as per the discussion is Subsec. 2.4.1
of this unit, My /My 15 01 an exact nunber; the signilicant figures in the
left side should be equal 10 those in right side of the relationship stated
above.

2.4.4 Taking Logarithms and Antilogarithms Maintaining
.Significant Figures

In changing from logarihms to aniilogarithms, and vice versa, the number being
operated and the logarithm mantissa have the same number of significant figures.
All zeros in the mantissa are significant. -

Taking logarithins Maintaining significant ligures

Any number having more than four digits, should be rounded off to four digits
and logarithm should be taken. Any-number with less than four digits should be
added required number of zero's for the purpose of using four figure logarithms.
But the significant figures in the number and those of mantissa should match as
shown in the examples below. For this purpose, rounding off procedure is used,
wherever required. Go through the cxamples in Table 2.13. -

Table 2.13 : Calculation of Logarithms Maintaining Significant Figures

Mauntissa -
Example  I'roblem CoelTic- Numberof - Characteristic  Final unswer (viii)
number lent slgnificant  As per four Rounded off [(vi)y + (¥li)]
vilue "7 figures figure us per
logarithms column (iv)
Q) (i) (i) {v) ) (v} {vii) (viii)
1 log 2750x 10 2750  four . 0.4393 0.4393 -3 log 2.750%10°
(10 four :
significant =-2.5607
. ligures)
2 log 2.75x107 2.75 three  0.4393 0.439 3 log 2.75%10°
{toshree
significanl =-2.561
ligures)
3 log 2.0 10° 2.0 wo 03000 0.30 3 log 2010
) (to wo )
signilrcant =3.30

- Gigures)
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From the above examples, you can sce Lthat the mantissa is rounded off to the
same number of significant figures as those in the coefficient of the given quantity
in scicntific notation. Final answer is expressed with one more significant [igure
(which is due (0 the characieristic). Thus, 2,750 in Example (1) of Table 2.13 has
four signilicant figures, whercas the answer, —2.5607 has five significant figures;
four due to mantissi and one due 10 the characleristic.

Taking antilogarihms Maintaining Significant Figures

As said for logarithms, the sigaificant figures in the mantissa and the coclficient
-in the scientiflic notation must match. Necessary rounding off is done with four
figurc antilogarithms. Study the following cxamples in Table 2.14. All problems

{oltow the equation,
log N =x

In each case, x is given and N is to be found oul using the relationship,
N =antilog x. Thex value is written in a rearranged form in column (i) 10 show

Table 2.14 : Caleulation of Antilogarithms Maiulufning Signifcani Figures

Hundling ot [¥ata

Example x Rearranged *© Mantis=a Coefficient  Churneleri-  Exponent Answerin
Number £ {wikoe praper = slic term scienlific
sipnificant antilog notalion:
ligarex) (mnnlissa) N=unlilop x
. (i} (1iy {iv) (v} o) (vily {viii)
1. —4.7166 -5 +0,2834 0.2834 1921 -5 10°* antilag (—4.7166)
(four singnilieant  ((our significant
figurcs) figures) =1921 x10°
2, 2,70 -3 +0.30 0.30 2.0 . -3 103 antilog (~2.70)
(wa signiflicant (1.995 rounded
figures) 1o two significant =20x 107"
ligures)
a, 6.5100 6 +0.5100 0.5100 3.236 6 " antilog (6.5160)
(Fonr significani {Tour significant
Liguivs} gura} =5240 > 10"
4. 6.510 6 +0510 0.510 kI 6 Lo® aniilog (6.510)

{3.236 counded
t¢ three signifi-

{1hree signifi-
canl [ipures)
cant [1gures)

=324 2 I0°

the characleristic and manlissa parts separalely.

[n the next section, we shall discuss the method of mainlaining the laboraory note

hook,

Using the above ideas, work out the following SAQ.
SAQ 12

Using the refationship. piH =-log |[H™]

_ where [H') is in molarity, cateulate [H¥] of a solution for which pH is 4.70,

maintaining the singificant figures. Express the answer in molarity.
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Laboratory Skills and
Technlques

From a stationcry shop, buy
your record nole book and
graph sheets.

Note: During calculation, the cquation, pH =— log [H+] should be considered as

~ the expression, pH=- log [H*)/M where M is the symbol of molarity unit. To

understand this, see subsec. 2.2.4.

2.5 LABORATORY NOTE BOOK

It is essential to keep a proper record of the work thal has been done. The record
should reflect all the observations at various stages of the experiment. The
observations prove helpful in correct interpretation of an experimental result.

While preparing a laboratory note book, the following importani fealures may be

kept in mind. :

® The laboratory nole book is a complete record of all operations. Date, time, the
number and the title of each experiment must be entered regularly.

¢ Record all observations and data in'the note book at the time they zare obtained.
. Never usc scraps of paper for noting particulars like masses of substances weighed,
melling points, titre values cic. They might get lost or mixed up.

® The record should be clearly written and well organised. On reading it, one should
be able to understand what has becn done. It may not be necessary to copy out the
exact procedure, since this is given in your laboralory manual. Detailed calculations’
arc lo be shown. Resulls should be summarised, conclusions drawn for each
experiment and explanation provided, if the results vary from those cxpected.
Certain marks have been allotted for maintaining & good laboratory note book.

Some of the important points to remember in maintaining a laboratory notc book
arc piven below:

® Abound note book should be used for laboralory record. You may use a laboratory
note book in which one side has ruled pages and other'side is unruled.

® Al entries must be made in ink. If you commit a mistake, it should be crossed and
correct entry should be made.
=

® The first few pages in Lthe note book should be left for making a list of contents.

® Graphs drawn should be attached to the laboratory note book.

2.6 TABULATION OF DATA AND PLOTTING OF
GRAPHS

While doing caiculations, unit of the physical quantitics must be mentioned.
Tabular columns must have relevant titles. While tabulating the data, the physical
quantitics should be represented as dimensionless quantitics by dividing the
physical quantilies by appropriate units. Thus, in the tilration table given in Sec.
1.7 of Unit I, the volume of the solution is divided by cm> units to facilitate the
entries as mere numbers. In the examples given in Sec. 1.6 and 1.7 or Unit |, we
showed how 1o enter the data for wé_ighing and calculation of molarity.

=T 7 = P

N AT TR AT YT WrETIT P

Erom e ey




Y165E

Plotting a G ruph‘

Often cxperimental data can be analyzed by plotting a graph. While plotting a
curve, ¥— and y- coordinales must be represented as dimensionless quantitics by
dividing the physical quantities by appropriate units. Proper scales should be
chosen, The graph should be given a suitable title. In many cases, we come across
smrai-ghl line plots. You shall come across straight linc plots in Units 11, 12, 13, 15
and 16. The straight line ‘blms help us in confirming a linear rcl:flionship belween
the quantitics plotted. For this, we have o calculate the slope of a straight line
plot. If the slope is positive, there is a direct proponiorialily between the 1wo
quantities; il the slope is negative, there is an inversc relationship between the
two, To [ind the slope of a straight line, select two points (v, ¥;) and (x5 y;) on
the straight line and apply the formula:

_ 2=y
SIOPC = m R (2.7)

Example 14

To understand the above, lel vs discuss an example. In this example, the graphical
mcthod of calculation of the firsi order rate constant for the hydrolysis of benzene
dinzonium chloride is illustrated. Benzene diazonium chioride gets hydrolysed as

follows:

C,HsN;Cl CHsOH + Ny + HCl

The volumes of nitrogen libcrated at various time intervals (f) are denoted by ¥,
while the volume of nitrogen liberated at irfinite time is denoted by V. The [irst

order railc constant, &, is given by the equation.

) .
log (Ve ~ V) = l0g Via - 5351 _ _ ... (2.8)

This is of the form, y = ¢ + mx, which is an cqualion for a straight fine,

Comparing these two equations,

‘ k
Slope =m = - 3303
k =- 2303 x slope .- (2.10)

In other words, [rom the slope of log (V. - V) against £ plol, & can be obtained.

Wc now staic in this example,

® the way of represenling the data [or plotting a curve,
€ the actual plot and

& the way of calculating the slope using Eq. 2.7.

Data for the hydrolysis of benzenc diazonium chloride -

ths 0 1500 3000 4500
(Feo — VpjfeIn ol 74.6 68.9 63.4
log (Vo —V)fcm>. 1908 . . 1373 1838 - - - 1802

Handling of 1>ain

A linear retationship is said lo
exist il increase inyis
proportional 1o increase or
decrease inx (but not 1o
increase or decrease in

bl -7 -
&0, ¢, cle. values),

A straight line curve abeys the
equation,

y=mx+c

where i and ¢ are the slope and
the y - inlercept, respectively.
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Laboratory Skllls and
Technlques

During calculation, we write
Ahe lefl hand side ol Eq.2.8
as log (Mes —V,)icm’, in
order lo represent il as a
dimensionless quantity. In
order Lo understand this, see
subsec. 2.2.4.

The unit of slope
o Unilofy coordinate
Unitolx coordinate
Unit of log(Ve, - ¥)/cm®
Unitof ¢

ors™!

|

Test Vulue : The value which is Lo
be determined using an
experiment.

36

Using these data, log (V,, — ¥} against t plot is made as shown in Fig, 2.2.

1.50

1.88
5
= 186
3
]
A
184
g
182

{1.80.0)

4000

3000
ifs

5000

Fig. 22 : log (Ve — V,) agalpstt plat

For calculating the slope, choose two poihls on the straight line and indicatc them
by ‘x’ mark. Find the x and y toordinates corresponding to these two points.
Substilute these values in Eq. 2.7 and calculate the slope of the straight line. This
is illustrated below: B

_ (1.81-1.901)

Using Eq. 2.7, slope = (4200 - 350) 5

-236 x 1075 57!

Using Eq. 2.10, £ T = -2.303 x slope
o

= -2303 x (-2.36 x 1073 57y
=544 x 107 57!

While drawing a straight line, somctimes all the points may not fall on a line. In
such cases, draw the straight linc in such a way that (i) it passes through as many
points as possible or (i} the points are scattered symmetrically around the
straight line.

Sometimes it may be necessary to find the x-coordinate, corresponding (o a
y-coordinaie and vice versa, using the straight line plot as such, Fig. 2.3, This is
called interpolation. In this case. the test value of x (or ) falls in between the
extreme limits of x coordinates (or y coordinates) of points used for plotting'the
graph. The interpolation of a value is done within the experimentally tested range

[T = = e 1 - =
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flandling of Data

v

—_—

I%Ig. 2.3: Interpolation melhod; a wnd & ars the values of x and y coordinales for Ihe (est case. if o (or &)
Is found out by experiment. (hen b (ora) can be known by drawing dotled lines Intercepling (he
siraight line as shown In the figure.

To cite an example, we can use interpolation method in colorimetric experiment
to find the concentration of a given solution from its absorbance value (or meter
response) using the absorbance (or meter response) against concentration ploi.
We shall study this in Sec. 3.2 of Unit 3. '

In certain situations, we may have 10 extend a straight line graph 10 obtain x- (or
y- coordinate) from the known y- (or x—coordinate). This is cailed extrapolation.
Extrapolation is not always reliable because the testing of a quantity is done
beyond the experimentaily tested limits of linear relationship. Any deviation from
linear relationship will result in yielding an inaccurate result. For example,
Beer-Lambert law, which is the guiding principle for colorimetry, holds over
limited concentration ranges. Extrapolation is not allowed in this case.

2.7 SUMMARY

In this Unit, we discussed the SI units of basic and derived physical quantities. We
explained the method of Tepresenting a number using scientific notation . We
defined the term, significant figure. We explaincd the ways of maintaining
significant figures while carrying out calculations. We discussed some features
_fegarding the recording of observations, tabulation of data and plotting graphs.

2.8 ANSWERS

Sell Assessment Questions

1) Units of & =units of (reaction rate/ [reactant]?)
=Ms M2 =pMis!
where M =mol dm™
2) Units of kinetic energy = Unit of {mass x (velocily)z)

m? 52
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Laboratory Skdlls and
Technlques

58

3)  (a)nm (b) ps (c) kPa
4) 0.015 x 107! § =15 x 106 s
= 1548
5) Units of R =J mol™® K!
=J.imol K

6) S =(K)'?
= (3.000 x10™*"2 mol dm™>
= (30.00 x 10742 o) dm™3

'=5.476 x 10~ mol dm™3

7y (i) 4 (i) 3 (iii) 4 (in 1.030 x 10% and 3 (in 1.03 x 10%) (iv) 5 (v) 2 (all the
five zeros before 3 are nonsigaificant wheteas zero after 3 is significant).
3y - 215.740 (2 x Atomic weight of Ag)

95.94 (I x_Alomic weight of Mo)
63.9776 (4 X Atomic weight of oxygen)
Calculated answer 375.6576

Final answer = 375.66 (rounded to two decimal places since the data 95.94, which
has the least number of decimals, has two places.)

9) 6.37
"—4.675
Calcujated answer 1.695

Final answer = 1.70 (rounded 10 two decimal places since
6.37 has two decimal places while 4.675
has three decimal places).

10) i) 3.80 x 10% (10 three significant figures)
ii) 52 x 107! (to two significant ﬁgures)

11y of lhc various Lerms in the given relationship, except ry, which has four
s:gmﬁcanl figures, all the others ("Hg dug and d,) have only (hrce
significant figures. Hence the final answer also should have three significant
figures.

12)  pH=-log [H*)M =4.70
log [HY /M =- 4.70
' =~5+0.30

Since manlissa (U.3U) has 1wo significant figures, the coelficient alo has two
significant figures. Coefficicnt term =antilog (0.30)

=20
Exponent term = [0

~ [H*] =Coefficient term x exponent term

=20 x 10° M
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Logarithms

s

diffurences

o 1T 2 3 45 6 7 8 Y T T as6 Ty
10 0000 0043 0086 0128 0170 0212 0253 0294 033 0374 4 8 I2 17 21 25 29 33 37
11 0514 0453 0492 0531 0569 0607 0645 0682 OTI9 U7SS 4 8 11 IS 19 23 26 30 34
2 0792 0823 0854 0899 0934 0950 1004 [038 1072 (106 3 7 10 19 17 21 25 28 3|
13 1139 1173 1206 1239 1275 1303 1335 1367 (399 1430 3 6 [0 13 16 19 23 26 o
14 1461 [492 1523 1S53 (S84 K614 164 1673 1703, 1732 3 6 0 12 1518 3§ 24 27
15 1760 790 1318 1847 1875 1903 1931 1959 K987 2004 3 6 8 11 14 17 20 22 ~3
16 201 2068 2095 2122 248 275 2201 2227 2253 2299 3.5 3 {1 13 16 (§ 2 o
17 2004 2330 2355 2380 205 2430 2455 2480 250¢ 2529 2 S 7 10 42 IS 17 30 o0
18 2553 2577 2601 2625 2643 2672 2695 2718 2741 265 2 5 7 9 1214 16 |4 of
19 2788 2910 2633 2856 2978 2900 3 2945 2967 K0 2 4 7 9 11 13 16 1% 10
20 3010 3032 3054 JUT5 3096 318 3B JEY MK 3300 2 4 & S 11105 (75
21 3222 3243 3263 3281 L0 3324 3345 3365 3385 05 2 4 6 8 U012 i 10 I
22 3424 3444 3464 B3 IS0 3522 3541 3560 3579 S9B 14 6 8 10 £2 14 15 17
23 3617 3636 655 3674 3692 3711 T20 3747 376R DTBE 2 4 6 7 v Il 13 1% (o
24 38 3820 3R 3BS6 ISTA M2 IN09 3927 45 3962 2 405 T 41 04 16
25 3979 3997 44 4031 4048 065 4082 09 J1le 413T 2 A5 7 900121415
% d150 4166 4183 4200 4216 4232 4249 4265 4281 4292 2 3 S 7§10 1113 [5
17 4314 A330 4346 4362 4378 4393 4008 4425 4430 4956 2 3 S 4 S 911 [3 Lt
28 44T MBY aS02 4SES 4533 4508 461 ASTO ASO4 4609 1 3 5 6 8 911 )2 L
29 d624 1639 631 4609 40K AR A7I3 S22R M2 1T 1L 3 1 o6 7 90 |2 i
30 47T 4786 48K AKIA AE2) UR4S ABST ABTI D6 WD 1 3 5 6 7 01011 Ls
M9 4928 4942 49SS 4569 OBR 4997 SOII SOL A8 1 3 L w 7 S 1011 ie
325051 5065 5019 092 S)us 519 SI32 SIS SIS ST § 3 105 78 9414
33 SI85 5198 5211 52N 5237 5250 5263 2 3w SM2 L Y t S g 8 900 |2
A SHS 5328 SH0 5353 S366 SIT8 391 SHF Si6 FR L G 4 5 R R @0 Ll
35 SH1 5453 5465 5478 540 SS02 SSI4 5527 8539 SSSL L 2 4 5 6 7 011y
36 5363 5575 SSH7 5509 SSI1 S623 5935 5647 S658 S670 1 2 4 5 6 7 & il
37 5682 5694 705 5717 5129 SMU SUS2 5763 SMIS SM6 L 2 3 % 6 7 & uin
M ST98 5B09 SBAL 5432 5843 5855 Sna6 5877 SESH SS09 1 2% 5 6 7 8 v o
3 S9E 5922 5933 S9ad 5uSS 5966 SOTT S9BE S99 GO0 1 > 3 4 S 78 01n
40 GO 6031 GI4Z GOSR 60GI 6075 GONS 609 6107 117 [ 2 3 4.5 6 & 9.10
416128 6138 6149 610 6170 6180 6191 6200 6212 6222 | 2 3 4 5 & 7 5 9
42 6202 6243 6253 6263 6274 6281 6294 6304 6314 6325 ( 2 3 4 5 6 7 g5 9
136335 6345 6355 6365 6375 €385 6395 605 6415 K25 | 2 3 4 5 5 7 g o
B35 6440 651 6T 6474 GIRY 6493 603 6SI3 6ST2 [ 2 3 1 S 4 7 8 o
45 6532 6542 6551 GS6I 6571 6580 6590 6599 6600 661S | 2 3 4 5 6 7 8 o
6613 8637 666 6636 0665 6675 6683 663 67C2 612 1 2 4 4 5 6 7 7 K
47 6721 6730 6730 6749 G758 6767 G736 G785 6798 6803 [ 2 3 4 5.5 & 7
#6812 6821 6810 G819 ORM6 GXST 666 ABTS 6BRA 6893 1 2 3 4 4 5 6 7 N
196902 6911 6920 698 6437 6946 955 6964 6972 6981 L 2 3 4 4 5 6 7 §
50 GO 6998 7007 TONG 7024 F033 M2 SO WSY F067 1 2 3 3 4 5 & 7 «
51 " 7076 7084 7093 7101 7110 U8 7136 7035 7143 152 | 2 3 3 4 5 6 7 =
Sz 7160 7168 7177 7185 7193 7202 7210 7218 7226 1235 ! 2 2 3 4 5 6 7 4
37243 7251 7259 7267 7275 7284 7292 TR0 M8 6 | 2 2 3 4 5 o 6 7
S4T30 7332 730 7ME 7356 7363 732 IS0 TRK WS 1 2 2 3 4 5 6 o 7
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diflerences
0 1 2 3 4 5 6 7 8 9 123456 7809
55 T4 712 19 7427 7435 7443 7451 7459 M6k MM ) 2 2 3 4 5 5 67
56 TaH2 7490 7497 3505 7513 7520 7528 7536 7543 551 1 2 2 3 4 5 5 6 7
57 7559 7566 574 7582 TNBY 7597 o4 612 7619 7627 1 2 2 3 4 5 5 6 7
58 763 7642 7649 F657 664 672 7679 T6BA T4 7701 1 1 2 3 4 4 S5 & 7
58 709 TN6 T3 TR T OTHMS 7I52 TS0 TNGT 74 11 2 3 4 4 5 § 7
60 7I82 7789 7796 7803 7810 7BI8 7RIS 7432 B30 7845 1 1 2 3 4 4 5 6 &
61 7853 7860 7868 7875 7BR2 788D 7896 703 FHO B 1 1 2 3 4 4 5 6 6
62 7924 7931 7938 7945 7952 7959 7966 7973 7980 7987 1 1 2 3 X 4 5 5 &
61 7993 4000 BOO7 8014 8021 BO28 8035 BO4l 8048 8055 1 1 2 3 3 4 5 5 6
64 8062 B069 8075 B0S2 889 8096 8102 810 8116 8122 1 1 2 3 3 4 5 5 &
65 8120 gl36 Bl42 8149 BIS6 8162 BR1&9 8176 8182 B18% 1 1 2 3 3 4 5 5 o
66 8195 8202 B209 8215 8222 G228 8235 824] 8248 §254 1 1 2 3 34 5 S5 &
67 K261 B267 8214 B280 8287 8293 8209 B306 8312 B39 1.1 2 3 3 4 S5 5 6
68 8325 8331 B3IB 8344 R3I5] 8357 8363 £370 8376 §382 1 1 2 3 3 4 4 5 6
69 3388 8305 8401 B407 8414 8420 8426 8432 B39 BMS 1 1 2 2 3 4 4 5 6
TO B451 8457 8463 BA7) B476 8482 R488 8494 850D 85056 1 1 2 2 3 4 4 5 6
751 BS13 B519 8525 B531 8537 6543 8549 BSSS 8561 8567 1 1 2 2 3 4 4 5 5
72 8573 B579 B585 8591 8597 H603 BGOO 8515 B62) BA27 1 1 Z 2 3 4 4 5 5
T3 B633 BSID K645 8651 B&5T BHG3 BGGY BEVS BAS! 8486 1 1 2 2 3 4 4 5 5
74 B692 8698 EV04 R710 B716 E7X2 8727 E733 8739 815 1 1 2 2 3 4 4 5 5
75 §I51 B7S6 8762 BV68 B774 B7I9 BFAS B791 8797 BR02 1 1 2 2 373 4 8 S
76 B80R RB14 BRI0 B8B25 8831 8R37 RG4Z BB BBS4 BESY 1 1 2 2 3 3 4 5 §
77 8865 BE7] 8876 B8R2 BRAY ERYS B899 8904 8910 8915 1 1 2 2.3 3 4 4 5
78 B921 8927 8932 B938 B943 B804 8954 5960 5965 K91 P 1 X 2 3 % 4 4 5
79 8976 B982 8987 ROY3 899 9004 SOO9 H0IS QU0 9025 1 L 2 2 3 3 4 4 5
80 9031 5036 042 947 9053 9055 SD63 9069 SUT4 9079 1 1 2 2 3 3 4 45
T BI 9085 9090 9096 9101 9106 Y112 Y117 9122 9128 9133 1 1 2 2 3 3 4 4§
82 9138 9143 9149 9154 9159 Y165 917D 9175 YI&D YI8G 1 1 2 2 3 3 4 4 5
B3 9191 %1% 9201 9206 9212 $ZI17 9222 9227 9232 923k i 1 2 2 3 31 4 45
84 9243 0248 9253 9258 9263 Y269 9274 9279 9284 9289 t 1 2 2 3 3 4 4 5
85 9294 9299 9304 9309 9315 93201 9325 9330 9335 HML | | 2 2 2 3 4 4 5
B6 9345 9350 9355 9360 9365 9370 9375 Q380 9385 9390 1l 1 2 2 3 3 4 4 5
87 9395 9400 9405 9410 9415 9420 9425 9430 9435 9440 O 1 1 2 2 33X 4 4
8B 45 0450 9455 0460 9465 9409 9474 9479 9484 9489 0 1 1 2 2 3 3 4 4
B9 9494 0499 0503 9509 98X YS)R w523 952K 9533 4S53R 0 | 7 2 2 3 3 4 4
50 9549 9547 9552 9557 9562 9566 Y9571 YSIG 9% 9586 O 1 1 2 2 3 3 4 4
91 950N 9595 9500 9605 9509 L614 v6I9 D624 G628 9633 O 1 1 2 2 3 3 4 4
92 9638 9643 U647 G053 9657 UGGl U656 9671 9675 968C 0 i 1 2 2 3 3 4 4
93 9685 9689 9694 90Y? G703 9708 G7U3 STI7 97IZ 9727 0 1 1 2 2 3 2 o4 4
94 9731 9736 9741 9745 9750 9754 ¢ISY 9761 9768 UIFA 0 0+ 1 Z 2 3 3 4 4
Y5 YTI7 9782 STB6 9791 9705 9R00 98G5 GROZ 9R)4 ¢m18 a0 1 L 2 2 3 3 4 4
96 9823 9527 9832 9335 90841 G845 RSO 9854 985S 9863 O ! 1 2 2 3 3 4 4
97 5855 Y872 9577 9881 9886 9500 YE94 989 903 9908 0 ' 1 2 2 3 3 4 4§
98 9912 9917 9921 9426 9930 Y94 YUY GOt goaM 9952 v | ] 2 2 3 3 4 4
99 9956 99h1 G965 OY69 99Td 99FR YURY UYyrT 9991 Sws 0 1 1 2 2 3 3 3 4 |
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Antilogarithms

(]

3

4

5

6

2

8

9

" differences

4

5

.1e
.11
A2
I3
14

.15
16
17
.18
a9

RRRER

wh kbhkbi BRYRR
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Eadzp

2Eags

1000
23
1047
1072
1096

1122
1148
1175
1202
1230

1259

1288
1318
1349
1380

1413
1445
1479
15
1549

1585
1622
1660
1698
1738

1778
1820
1862
1905
1950

1995
2089
2138
2188

2239
291

2599
2455

2512
2570

2692
2754

2418

2951

. 3020

3090

1002
1026
1050
1074
1099

1125
1151
1178
1205
1233

1262
1291
1321
1352
1383

1416
1449
1433
1517
1552

1589
1626
1663
1702
1742

1782
1824
1866
1910
1954

2000
2094

2143
2193

2244

2295
2350
2404
24641

2518
2576
2636
2698
2761

2825
284
2958
ex?
g7

{11
1028
1052
1076
102

1127
1153

1180

1208
1236

1265
1294
1324
1355
1387

119
1452
1486
321
1556

1592
1629
1667
1706
[746

1786
1828
1871
1914
1959

.2051

2143
2198

2249
2301
2355
2410
2466

253
2582
2642
2704
2767

2831
2847
2655
30y
3105

1007
1030
1054
1079
1104

1130
1156
1183
1211
1239

1268
1297
1327
1358
1390

1422
1455
1489
1524
1560

15%6
1633
1671
1710
1750

1791
1832
1875
1919
1963

- 2104

2153
2203

2254

2360
2415

4711,

2529
2588
2649
2710
2773

2838

2004°

2872
Jad[
3z

1009
1033
1057
1081
1107

1132
1159
1186
1213
1242

12711

1330
1361
1353

1426
1459
1493

1528 -

1563

1600
1637
1675
114
1754

1795
1837
1879
1923
1968

2014
2051
2109
2158
2208

2259
2312
2366
2421
un

2535
2504
2655
2716
2780

2511
297%
48
3119

1012
1035
1059
1084
1109

1135
1161
1189
1216
1245

1274
1302
131
1365
1396

1429
1462
1496
1531
1567

1603
1641
1679
1718
1758

1799
1841
1884

1928

1972

2018
2065
2113
2163
2213

2265

2317
2371
2427
2483

2541

2661
2183
2785

2851
2917
2945
3055
3126

1014
1038
1062
1086
1112

1138
1164
1N
1219
1247

1276
1306
1337
1368
1400

1432
1456
1500
1535
1570

1607

1683
1722
1762

1803
1845
1888
1932
1977

2070
2118
2168
2218

270

2377
2432
2489

2547
2606
2667
2729
2193

2858
2924
2992
3062
3133

1016
1040
1064
1089
14

1140
1167
1194
222
1250

1279

1340
131
1403

1435
1469
1503
1538
1574

1611
1648
1687
1726
1766

1807
1849
1892
1936
1982

2015
2123
2173

75

232
2438
2495

2553
2612
2673
275
2199

2931
2599

I

1019
1042
1067
1091
1117

1143
1169
1197

1253

1252
1312
1343
1374
1406

1439
1472
1507
1542
1578

1614
1652
1690
1730
1770

1811
1854
1897
1941
1984

2032

2080
2128 -

2178

2933
2388
2443
2500

2559
2618
2679
2742

2571
2938
3006
30576
3148

1021
1045
1069

1094

1119

1146
1172
1199
1227
1256

1285
1315
1346
1377
1409

1442
1476

1510°

1545
1581

1618
1656
1694
1734
1774

1816
1858
1901
1945
1991

2037

2133
2183

2339
2393
2449
2506

2564
2624

2748
2812

2877
2944
3013
3083
3155
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differences

6 v 2 3 4 5 6 7 8 9 7335567809
50 3162 3170 M77 3184 319 3199 3206 3244 3221 2B 1 1 2 3 4 4 5 6 7.
51 3236 3243 3251 3258 3266 3273 3281 3289 3206 3304 1 2 2 3 4 5 56 7
52 3311 3319 3327 3334 3342 3350 3357 3365 1373 3381 12 2 3 4 5 5 6.7
53 3388 3396 3404 3412 3620 M28 336 3443 3451 3459 1 2 2 3 4 56 6 7
547 3967 3475 3483 M91 3499 3508 3516 3524 3532 2540 1 2 2 3 4 5 6 6 7
55 3548 3556 3565 3573 3581 359 3597 3606 3614 362 1 2 23 45 6 7 7
56 3631 3630 3648 3656 3664 3673 3681 3690 3698 3707 1 2 3 3 4 5 6 7 8
57 375 3724 3733 3741 3750 3758 3767 3776 3784 3793 1 2 3 3 4 5 6 7 38
58 3302 3811 3819 3828 3837 3345 3855 3864 3873 3882 1 2 3 4 4 5 6 7 8
59 3850 3299 3908 3917 3926 3936 3945 3954 3963 3972 1°2 3 4 55 6 7 8
-
60 3981 3990 3999 4009 4018 4027 4036 4046 4055 4064 1.2 3 4 5 6 6 T 8
61 4074 4083 4093 4102 4111 4121 4130 4140 4150 4159 1 2 3 4 S5 6 7 8 9
62 4169 4178 4188 4198 4207 4217 4277 4236 4246 4256 1 2 3 4 5 6 T 8 9
63 4265 4276 4285 4295 4305 4315 4325 4335 4345 4355 1 2 31 4 5 6 7 8 9
64 4365 4375 4385 4395 4406 4416 4426 4436 4446 4457 1 2 3 4 5 6 7'8 9
65 4467 44TT 8T 4498 4508 4519 4529 4539 4550 4560 1 2 3 4 5 6 7 B 9
66 4STE 4SB1 4502 4603 4613 4624 4634 4645 4656 4667 1 2 3 4 5 6 7 910
67 4677 4688 4699 4710 4721 4732 4742 4753 4764 4715 1 2.3 4 S 7 8 910
68 4786 4797 4808 4819 4831 4842 4853 4364 4875 4887 1 2 3 4 6 7 8 9 10,
69 4898 4900 4920 4932 4343 4955 4966 4977 4989 S000 1 2 3 S 6 7 8 9 10
70 5012 S23 S035 SO47 S0SB SO70 5082 5093 5105 S117 1 2 4 5 6 7 B 91l
71 5120 S140 5152 Si64 5176 S188 5200 5212 5228 5236 1 2 4 S 6 7 810 11
T2 5248 S260 5272 5284 5297 5309 $321.5333 5346 5358 1 2 4 5 6 7 91011
73 $370 S383 5395 5408 5420 5433 5445 5458 S470 5483 1 3 4 5 6 8 910 L
74 5495 5508 SS21 5534 SS46 SSS9 5572 S585 5598 S610 1 3 4 5 6 8 91012
5 5623 S636 S649 S662 S675 5689 ST02 5715 5128 5741 1 3 4 5 7 B 91012
96 5754 S768 S7B1 5794 5308 SH21 SBM SB48 SB61 S875. 1 3 4 5 7 8 91112
77 5888 5902 S9I6 S929 5943 5957 5970 5984 5998 6012 1 3 4 S5 7 8101112
78 6026 6039 6053 6067 G081 6095 6109 6126 6138 6152 1 3 4 & 7 81011 13
79 6166 6180 6194 6200 6223 6237 €252 6266 6281 6295 1 3 4 6 7 91011 13
B0 6310 6324 6339 6353 6368 6383 6397 6412 6427 6442 1 3 4 6 7 9101213
81 6457 6471 6486 6501 6516 6531 6546 6561 6577 6592 2 3 S5 6 -8 O 11 12 14
B2 6607 6622 6637 6653 6663 6583 6690 6714 6730 6745 2 3 5 6 8 911214
83 676] 6776 6752 6308 6423 6839 6855 6871 6BR7 69G2 2 3 S 6 8 9111314
84 6918 6931 6950 6966 602 6998 7015 7031 M7 7063 2 3 5 6 B101I I3 1S
85 7079 7096 7112 7129 7145 7161 7178 7194 7211 7228 2 3 5 7 BI0i2 1315
86 7244 “F6l TME 7205 731 118 73S 7362 73719 7396 2 3 5 7 810121315
87 7413 7430 7447 7464 7482 7499 7516 7534 7551 7568 2 3 S 7 9101214 16
BB 7586 76037 7621 7638 7656 7674 7691 TIO9 7727 7MS 2 4 5 7 9111214 16
89 7761 7780 7798 7816 7836 7852 7870 7889 7907 7925 2 4 5 7 911131416
90 7943 7962 7980 7998 .8017 B035 8054 BOT2 B9} B0 2 4 6 7 9N I3 IS 17
91 8128 S147 N166 BIBS B204 B2 §241 8260 8279 8299 2 4 6 ¢ 011131517
92 K18 8337 8356 B375 8395 8414 B433 8453 8472 8492 2 4 ¢ 1 10612141517
93 8511 S531 BSSI BS70 8500 RG10 R6I0 R6SO BET0 B6H 2 & 6 B 1012 14 16 I8
9% 8710 8730 §750 §770 8790 8810 §831 #8S1 572 .8892 2 4 6 B LU 12141618
M5 SYI3 BY33 8954 H974 8995 016 YU36 $OST YOTE W9y 2 4 6 8 1125179
B6 9120 9131 9162 9183 9204 9226 9247 9268 9290 93ll 2 4 b6 8 il 13 1% 17 19
97 9333 9354 9376 9397 9419 9441 9462 9484 0506 9528 2 4 7T 6 1115151720,
9§ 9550 9572 05O4° 966 9638 9661 9683 9705 9727 9750 2 4 7 9 11131618 2
99 9772 9795 9817 0840 9863 UBE6 9908 9931 9954 9977 2 5 T 9 il 14 1618 2
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UNIT 3 LOW-COST INSTRUMENTS

Structure
3.1 Introduction
Objectives

3.2 Colorimetry

Beer-Lambert Law
Principle of Colarimeler
Various Controls of the Low:Cost Colorimeter

Demonstration Experiment I : Colorimetric Estimation of Copper Sulphate
33 Conductometry

Theory

Various Controls of ihe Low-Cost Conductomerer

Muethod of Operation

Lemonstration Experiment 2 : Determination of canductance of Given Sodium

Hydraxide Selution
34 Potentiometry

Galvanic Cells and Cell Reaction
Measurement of E.M.E.
Nernst Equation
Types of Electrodes
Various Controls of the l.ow-Cost mV/pH Merer
. Method of Operation
Demonstration Experiment 3 : Construclion of Danicll Cell and

Measuremeni of E.M.I-.

35 Summary

2.6 Answers

3.1 INTRODUCTION

In this unit, we shall discuss the basic principles of colorimetry, conductomelry
and potentiometry. We shall explain the procedure for using [ow-cost instruments
such as colorimeler, conductometer and mV/pH meter. You will be using these
instruments for some of the experiments in this course. Three demonstration
experiments will also he discussed 10 illustraie the use of these instruments.

Objectives

After studying this unir, you should be able to :

® statc the principles of colorimetry, conductometry and potentiometry,

@ explain the procedure for operating the controls in colorimeter, conductometer and
mV/pH meler, and ’

® explain the methods of recording absorbance or conduclance or ¢.m.f. of the given
_solution or system.

[
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Laboratery Skills ond
Techniques

For a detailed study of

Beer-Lambert law, see Unil 5 of

CHE-03 (L) and Unit 8.0f
CHE-01 courses.

The wavelength at which a
substance exhibits maximum
absorplion depends on ils
structure,

Eq.3.1,4 = ¢cf, is of the typc
‘y=mx", which is an equation for
a straight line passing through
the origim. The slope (™) ol
the sizaight line plol of A agaiast
¢ s equal to the product, «f.
Hene frem the values of the
slope and § e can be found our.

»lope
£ ===
i
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3.2 COLORIMETRY

Chemical analysis bascd on measurement of interisily of light absorbed in the
visible region is termed colorimelry. Any coloured substance may be analysed by
this method. If a substance is colourless, it can be made to form a coloured
compound by the addition of a suilable reagent and then analysed
colorimetrically. In colorimetry, generally the concentration of a substance is
obtained from the intensity of light absorbed. In order 1o accomplish this,
experiments are carried out to obtain the intensities of light absorbed by the
substance in solutions of known concentrations. The simple instrument used for
this measurement is termed a colorimeter. Colorimetric methods provide a simple
and rapid method of estimating minute quantities of substances in solution. Hence
the lechnique can be used to perform a wide variety of experiments such as
moniloring a reaction colorimetrically in kinetics, determining equilibrium
concentrations for the determination of equilibrium constants, etc. Let us now
discuss Beer-Lambert law which summarises the basic principle of colorimetric
eslimation.

3.2.1 Beer—-Lambert Law

When light of an appropriate wavelength is passed throegh a coloured solution
contained in a cell, a fraction of the light is absorbed. The intensity of light
absorbed depends on (he nalure or structure of the substance, its concentration in
solution and the thickness of the absorbing medium. The part of light, which is
nol absorbed, is transmitied. Though some light is reflected back from the
solution, its amount is negligibly smalil and is eliminated by using a control. For
all practical purposes we may say,

Io=ip+1i,
where,
I, = Intensity of incident light
I = Intensity of light absorbed
A = Intensity of transmitted light.

Beer-Lambert law relates I to the thickness and concentration of the medium.

Ler us ygderstand Beer-Lambert law.

Beer—Lambert Iaw is a combination of the two laws, Beer's law and Lambert’s law.
We arc not going to discuss these two laws separately. Becr~Lambert law states
that the fraction of hight absorbed by a given absorbing medivm is directly
proportional to the thickness of the medium and the concentration of the
absorbing species. The malhemali_cdl expression of this law is given below:

-logfy /i =A = ecl . (3.1)

where,

o~
I

Intensity of incident light

= Intensity of transmitted light
Absorbance

Thickness of thec medium
‘Concentration in mol dm™
= Molar absorplion coefficent

i
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g, the molar absorption coefficient, is the absorbance of 2 solution having unit
concentration (¢ = 1 M) placed in a cell of unit thickness, (/ = 1 cm).
Absorbance is also called optical density (OD).

According to Eq. 3.1, the absorbance or OD of a solution in a conlainer of fixed
path length is directly proportional to the concentration of a solution. A plot
between absorbance and concentration is expected 1o be linear. Such a straight
line plot (passing through the origin) shows that Beer-Lambert law is obeyed.
The straight line so obtained is known as calibration curve. A calibration curve is
useful in finding the concentration of a given solution. We shall discuss this -
aspect in Demonstration Experiment 1 of this unit. Dilute solutions obey
Beer—-Lambert law over a considerable concentration range, the upper limit
varying [rom system 1o system. )

Deviations from Beer—Lambert Law

Beer-Lambert law does not hold good over a wide range of concentrations, if
the nature of the absorbing specics changes with cbncemralion; for example,
when the specics ionises, dissociates or asspciates in solution. Addition of large
amounts of noninlterfering clectrolytes may shift the wavelength at which

. maximum asportion occurs and may also change the value of molar absorption
coelficient. Also discrepancics may occur when the light used is not
nenochromatic.

3.2.2 Principle of Colorimeter

It is difficult 10 quantify colour visually. For this we need the help of a
measuring device, A colorimeter is such a device. A colorimeter measures the
intensity of light before passing through the solution and after passing through
the solution. From the intensity measurements, we can estimate the
concentration of a solution. You are provided with a low cost colorimeler for
mcasurement of light intensity. '

r

In general. the apparatus for colorimetry includes a

* light source

® slits and lenses to focus a sharp beam of light,

¢ (ilters to transmit a narrow range of wavélenglhs,

® acuvette which is a smali vessel in which the solution is taken,

® cuvette holders, and,

® .arcceiver which is helpful in determining the intensity of the transmitied beam.

The instruments of this type are known as filter colorimeters or filier
photometers. A schemaltic diagram of a colorimeter s given in Fig.3.1, The
diagram of a fow-cost colorimeter js given in Fig.3.2,

Light . Cuverte Detector
1ource slit conuining or Meler
solution photocell

Flg.3.1 : Schematic dlagram of a colorimeter

Low-Cost Instruments

€ can be expressed in the unit, m®
mol !t or cm? mol™, 1€ 7is in m
unit and c+is in mol m™* units,
then ¢ is in m? mol™! unils, On
the other hand, it is in cm unil
and ¢ is in molarity unit
{mol/1000 cm? or mol/dm’

units), then £ is in em® mol™!
unils.

Monochromatic light has more
or s valy one wavelength
value.

A colorimeter operates on a
broad range of wavelengihs,

A colorimeéter is usclul in
visible region only. But a
spectrophotometer is wselul in
u.v. and visihle regions, A
spectrophotomeler has special
facilities for generation and
selection of specilic
wavelzngih.
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Laboratory Skills and
Techniques

The diodes have the property of
permiiting current 1o flow with
practically no resistance in onc
direction and offer nearly
infinite resistance to current
ftow in the opposite dircction. In
electronic circuits, diodes have
numerous applications.

A photocell converts light into
clectricily.

The reference sample may be
pure solvent or a solution of
lower concentration.

The meter reading is called the
meler response. Instead of
absorbance values, meter
response values are used in
low-cost colorimeter
experiments.

_Power Switch

Flg. 3.2 : Low—cuosl colorlmeter.

Three light emitting diodes (LEDs) are available in the low-cost colorimeler as
light source. These emit light of different colours such as red, yellow or green.
You would be using ore of them depending on the colour of absorbing
medium. The light from the source is made 10 pass through a slit so that we .
get a thin ray, which falls on the cell containing the solution. Some of the light

_is absorbed and the rest is transmitted. The light transmilled by the solution

falls on the photocell where a current is generated. The magnitude of this
current is proporiional to the intensity () of the light transmilled by the

_solution. The current signal is suitably amplified and then measured with the

help of an ammeter. The intensity of incident light ({o) is measured by passing
the light from the same source through distilled water taken in the cuvette.
Under this condition, no light is absorbed and the whole of it falls on the
photocell. In case the solution is made in a solvent other than water, the pure
solvent may be taken as the reference sample. The difference between ihe two |
readings pives the amount of light absorbed. Next let us discuss the controls of

the low—cosl colorimeler.

-
3.2.3 Various Controls of the Low—Cost Colorimeter

This is a switch on the back of the instrument and
is used to switch the instrument on or off. When
(he'instrument is connected to the mains and

switched on, the LED on the front panel will glow.

This control is or the front pancl of the
instrument with the positions marked R, Y. and
G signilying the three colours, red, yellow or
green.

Colour Selector :

The scale in the colorimeter (marked A) has
markings from 1 to 10. These markings are meter
response values.

Meter Scale
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Set Zero oo This conirol is again on the front panel of the Low-Cost Instruments

instrument. This is adjusted o sct the meter
responsc o zero when the solvent or reference
solution is taken in the cuvelte.

Sensitivity : This control is also on the left front panel of the

instrument. This is used to give any desired scale
for the range of cencentrations under ]
consideration. Suppose that in an experiment, we -
have solutions of concentrations varying from 0 to
8% (mass by volumc). With the solvent, the set
zero knob is adjusted 10 set the meter response to
zero. Then with the 8% solution, the sensitivity
knob is adjusted 1o set the meter response to 9.0.
Let us say, in another experiment, we have
solutions from 0~6% only. Instead of using the
same adjusiment, we could have a beller scale.
Aller setting zero with the solvent, we 1ake the
6% solution and readjust the sensitivily knob (o set
the meter rcsponsé to 9.0. Remember, the earlier
seiting gives a scale of 0-9 for concentrations 0-8%,
whereas the latter selling gives a scale of 0-9 for a
smaller concentration range 0-6%.

Method of Operation

1)

2)

4)

&)

6)

Belore connecting the instrument 1o the mains, check whether the ncedle
coincides with zero in the meter. If the needle is not coinciding with zero,
make it read zero using a small screw driver into 1he. hole under the meter.
Then connect the instrument 1o the mains and put on the power swilch at
the back. )

Set the colour selector knob at thé desired colour. For an unknown
solution, the knob for the colour selector is sctat R or Y or G depending
on which LED gives the highest meter response, (i.e., the largest
absorbance), when the light from LED js passed through the solution in the
cuvetle.

Take a clean cuvette and Ol it with ..i8GRKE warer (or the reference.
sample). Wipe the outside dry with tissue paper. Make an idenlifying mark
on one plain side of the curvetlc at the bp and insert the curvette into the
holder in such a way that the marked plain side is towards the LED.
Maintain this position everytime you insert the curvette into the holder.
Close the lid of the hoider.

Adjust the set zero control 10 make the meter read zero.

Next rinse and £l the same cuveite with the solution of maximum
concentration. Wipe the outside dry. Insert into the holder and close the lid.

Adjusl the sensitivity control 1o sel meter response near the end of the
scale, say 9.0. Do not disturb this knob after this adjustment.

Qinse and (ill the same cuvette again with distilied waler (or the reference
sample) and insert into the hoider after wiping the outside dry. Check if the
meter reads zero. If not, use the set zero control 10 get a2 meter reading
Zero. After this, do not disturb this knob. The instrument is now set for a.
calibration experiment or a kinetic experiment.

¥ -
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Laboratory Skdlls and
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Precautions

1) You should not use a plastic cuvette while using organic solvents like
chloroform, acetone, ctc. :

2) ‘The reference sample, which is used to set the meter re.sponsé 10 Zero with
the set zero control, should consist of the solvent (or a solution T lower
concentration) and all reagents except the specilic light-absorbing substance

being studied.

3)  Wash the cuvette thoroughly. Rinse it with the solvent or the solution
depending on which is going to be taken in it for colorimetric measurement.

4) See 1o it that'you do not leave any finger marks on the cuvetie.

5) Keep the cuvette in the same position each time you insert it in the holder.

- 6) Never touch the faces of the cuvette through which light is transmitted.

7 Wipe the outside of the cuvette dry after filling and before inserting in the
holder.

3.2.4 Demonstration Experiment 1 : . Colorimetric Estimation of
Copper Sulphate

Calibration of a colorimeter is the first step in cstimating the conceniration of a
solution colbrimetrically. In this cxperiment, we shall discuss the method of
obtaining the calibration curve and estimating the concentration of given solution

ol copper sulphate.

Aim: i) To draw concentration — absorbance calibration curve for copper
sulphate solution.

ii) To determinc the concentration of a given copper sulphate solution.
Requirements
Apparatus

Colorimeter

Volumetric flask (100 cm3) - 1
Test tubes - 10
Test tube stand - 1
_JMeasuring cylinder (10 cm3) - 1
Beaker (250 cm3) - 2
Buretics (50 cm3) - 2
- 2

Buretle stand

Chemnticuls

Stock solution of capper sulphatc (10% m/V)
copper sulphate solution of unknown concentration

I’rocedure

Copper sulphate solutions of various concentrations are prepared in six labelled
test tubes using the stock solution. For this purposc the required volumes of
‘water and copper sufphate solution (stock solution) are added as shown below :
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Water and copper sulphate solutions are taken in two burettes, one conlaining the
stock solution and the other containing waler. I

7y

Low-Cosl Instroaenis|)

Sample Volume of Volume of Mass by volume While verifying the mass by |
* number stock solution distilled water percentage of volume pereentage values I
soluiion enlered in Lhe Lable, remember ]
that the stock soldlion is 10%  §
1 0 10 0 m/Vin strength, '
2 2 8 2
3 4 6 4
4 6 4 6
5 8 2 8
6 10 0 10

It can be seen that the concentration of thé six samples vary from 0 10 10% of
copper sulphate (m/v).

Before cstimating Cu®* jons in an unknown solution, a calibration curve wili
have to be plotted between the concentration and the meter response in the
instrument. For this we shall follow all the instructions listed under *Method
of Operation™. In keeping with instruction 2 stated there, sct the selector knob
on R, since copper sulphatc solution has an absorption maximum in the red
region. After adhering (o the instructions 1 and 3 to 7, the following is donc
without distributing the set zero and the sensitivity knobs.

The cuvetie is cleancd throughly, rinsed with sample (1) mentioned above and
filled with the same. The cuvelle is placed in the cuvette holder in the
instrument and the meter respopsc is recorded in observation Fable 3.1. Then
sample (1} is removed and the cuvelle is rinsed and filled with sample (2). The
cuvelte with sample (2) is placed in the cuvette holder and the meter response
is again noted. This procedure is rcpcalcd with the samples kept in Lubes (3),
{4). (5) and (6), each time noting the meter response in Table 3.1.

The cuvetic is again washed, rinscd with the soiution of unknown concentration
(sample 7) and filled with it. The cuvette is placed in the cuvette holder and the
meler response is noted in the table.

Table 3.1 : Meter Response as a Function of Concentration of Copper Sulphate
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Sample Strength of copper sulphate . 'Meter response

number in % infv

1 0

2 2

3 4 . '
. p
5 8 .
6 i0

7 Unknown sotution
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Laboratory Skills and Calibration Curve
Technlques

The calibration curve (Fig. 3.3) is plotted in a graph sheet using the values of
strength of copper sulphate solution and meter response from Table 3.1.

reiponsc

% of CuSQy sclution

) Fig.33 : Callbratlon Curve.
Using the Calibration Curve

In thé interpolation method, the The concentration of the test solution (solution of unknown concentration of
concentration of the unknown copper sulphate) is found out by interpolation method. For this, a dotted straight
solution lies between the upper line is drawn from the point corresponding to the meter response of the test

and lower limils of concentrations  ¢qution. The x—coordinate corresponding 10 the point of -intersection of the

ol sltandard solutions wsed for . . . - :
colorimetric measurement. calibration curve and the doited line gives the strength of lhcllesl_solulxon as.

shown in Fig. 3.4.

Meter

% of CuS0O, solution

Fip 3.4: Finding the concentration of the unknown solution using 1he Inlerpelation methed.
Result

" From the graph, % of copper sulphai€ solaticn ="....... % ntfV’
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SAQ 1

For a substance. € is equal 10 245 m* mol™! at a wavelength of 450 nm. Calculaie
the concentration (in molarity units) of its solution which has an absorbance of
0.1250, when placed in a cell of thickness 1.00 x 1072 m.

Hints = (i} Use Eq. AF (i) Note that ¢ is in m® mol™! units and / is in m unit.

. . -3 .
Hence ¢ will be in mol m™ units,
To get ¢ in molarity unit, use (he Tollowing relationship:

1 mol (10 dm)™

I

I mol m™>
’ -1 -
=1 x 107 mol dm™*
=1x 107 M
- -3
[since 1 M = 1 mol dm
= 1 mol per litre)

3.3 CONDUCTOMETRY

Conductometry deals with the measurement of electrical conductance of solutions
containing ons. These solutions conduc! electric current due 10 the movement of
ions towards opposilely charged elecirodes. The ability of a soluiion to conduct
current is given by its conductivity. The conductivity of a sofution is proportional
to the number of ions, the charge on each jon and the speed with which the ions
move. The speed with which an ion moves in turn depends on the nature of the
ion, nature of the solvent, presence of other ions, temperature and the applied
field.

Conduclometric measurements find a wide range of applications. These are used
in determining equilibrium constants, e.g. jonisation constanis of weak
electrolytes, solubilily products of sparingly soluble salts, hydrolysis constant, etc.
Reactions that proceed with the formation or disappearance of ions can be
conveniently monitored conductometrically for getting their kinetic parameters.
Some substances which cannot be volumetrically or potentiometrically analysed
can be estimated conductometrically with ease.

3.3.1 Theory

lonic solutions obey Ohm’s law just as metallic conductors do. In accordance with
Ohm’s law, the current / passing through a given solution is proportional 1o the
polential difference, £. The proportionality constant R is the resistance of the
solution. :

E=IR e (3.2)

The conductance G is defined as the reciprocal of resistance.

SR Ce=imr T T T ey
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We can gel the x value of
KCl at tempermatures other
than those givien in Table 3.2
from a plot of eonductivity
againsl temperature using
Lthe values given inTable 3.2,
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Resistance is measurcd in ohm (S )and conductance in siemens (S),-1S = 1 @7,

The resistance of a homogeneous body of uniform cross section is proporlional to
its Iength, / and inversely proportional 10 its cross-section; A. The proportionality
constant is called the resistivity (specific resistance), p. The units of p are Q m.

R=p(/4) : ' e (3.4)
The conductivity & (Kappa} is the inverse of resistivity.

... (3.5)

ie .\:—l
e, =5

The units of & are S m™.

Conductivily of a solulion can be defined as the conduclance of a solution
contained between two parallel clectrodes which have cross-sectional arca 1 meter

square and which are kept 1 meler apart.

Taking the inverse of Eq. 3.4, %=;1; . ﬁ
= &/(I/4) (using Eq. 3.5)
using Eq. 3.3., G = x/(1/A) ‘
or k=G (I/A4) e (3.6)

The ratio /A is called the cell constant and it depends on the geometry of the
cell — the distance between the clectrodes () and the area of the electrodes ().

Eq. 3.6 can be writicn as
Conduclivity = Conduclance X cell constant - (3.7

The cell constant values are vsually obtained by an indirect method and not by
measuring / and A directly. The indirect method involves measuring the
conductance G of a standard solution of KC! of known conductivity, ». Table 3.2
gives the & values of KCI solutions at three different concentrations and al three

dilferent temperatures.

Table 3.2 : Conduclivity of KCi solutions

IKCl)iM oS m™at 20°C /S m™al 30°C &S m™! at 40°C
0.10 1.167 1412 1.662
0.02 0.250 0304 0.357
0.0] 0.127 0.154 0.179

Standard™KC1 solution s taken in the cell for which cell constant is 1o be
determined. Conductance of this solution is then measured and its temperaiure is
noted. The conductivity at the temperature is obtained from Table 3.2.

Then the cell constant can be calculated using Eq. 3.7:

Cenductivity of KC{ solution (3.8)
Conductance of the sume solution UM

- Cell constant =

This cell of known cell constant is used {or (inding out the conductivity of any
other sample. For this, we have 10 measure the conductance of a given sumple and

then use Eg.3.7. .

Conductivity ol a molar solution is termed molar conductivity. Molar conductivity

‘- is represented by the symbol, A
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. :
Am='E -..(3.9)

where « is the conductivity of a solution of concentration ¢ mol m™, Ag is
expressed in units of $ m% mol™,

You are provided with a low-cost conductometer (Fig. 3.5) for conduciance

measurement. It has an operational amplifier based circuit. Operational amplifier

consists of many components mounted on a single silicon chip. Operational
amplifiers have a variety of uses and, are particularly useful in low-cost
instruments. We shall not discuss the principle behind the functioning of

operational amplificrs, since the same is not necessary to do our experiments. For

a detailed discussion on operational amplifiers, you are advised to go through
Unit 9 of Block 3 of Electrical circuits and Electronics (PHE-10) course.

™,

Flg. 3.5 ; Low cost conductometer Fig. 3.6 : Law cosl conduclivity cell

The low cosg conductomeler is casy 10 assemble and maintain. The low cost
conductomeler is more convenient to use, especially for studying reactions
conduciometrically in kinctics experiments; we shall be using this instrument in
Experiment 21 of this course.

The commercial conduciivily cells arc expensive due 10 the usage of platinum
electrodes. On the other hand low-cost conduclivity cell (Fig. 3.6) is made of
zero-cost carbon rods. These carbon rods are obtained from exhausied dry
batteries. Using these carbon rods, conductivily cells of various designs can be
easily made.

The conductance of solutions increases with increase in temperature. This is due
to the increase in the velocity of ions, decrease in the viscosity of the medium,

and decrease in the interactions between ions. In the case of weak electrolytes, the
increase in the degrec of jonisation with increase in temperature also contributes

1o the increase in conductance. Geierally the conductivity of aqueous solutions

incrcases by about 2% per degree celsius rise in temperature. Hence it is advisable

to keep solutions in a thermostat tifl they acquire constancy in temperature.
Conductance, conductivity and molar conductivily values are 1o be given along
with the temperature values.

As ordinary distilled water contains impurities like CO,, metai silicates, etc., it
canoot be used for preparing solutions for very accurate conductance
measurements. When-conductance values of highi actiiracy are sequired,
conductivity water is to be used. '

Low-Cost Instram

Coneentration in mol m™>
units = Concentration in
molarity x 1000

Thc commercial
conductoraeters are based on
wheatstone bridge principle
which is explained in Unit 16
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Leboratory Skilis and For the conductance experiments of this course, distilled water or deionised water
Technlqnes .

is adequate, as long as the conductivity of water is not more than 10~ S cm ™ or
102 S m™

33.2 Various Controls of the Low-Cost Conductometer

Power Switch L L

This switch is on the back of the instrument. This is used to turn the instrument
on or off. When the instiument is connected o the mains (220 V, AC supply) and
switched on, the indicator LED on the front panel glows.

Range Selector

This control is on the front panel of the instrument. It has positions marked 0.2,
2, 20. These numbers stand for the full scale meter values in millisiemens (mS).
Thiis means, for example, when the selector is at 20, the meter reads between 0
and 20 mS.

Mode Selector

Aminimum volume of solutionis  This control is also on the front panel of the instrument It has positions .marked
required to be laken o hecell for A7, and READ. This is used 10 sét the instrument in either the calibration

measuring the condugiance of the . . .
solution. This varies from cell to el (=) OF Téad (READ) mode. The instrument is kept on CAL mode when the

and has to be experimentally obtained, IN€1ET is being calibrated to read 0.1, 1, or 10 mS (mid point of the scale in the
This minimum volume is littte more  range 0.2, 2, ot 20 mS$, respectively) using the sensitivity control. When the )
than the volume ol solution required  jn(ryment js on CAL mode, a standard resistor inside the instrument replaces the

to just immerse the elecirodes. This .. . PR PR : : H
volume can be determined by taking a conductivily cell in the circuit. The celi is in circuit only when the control is on

strong electrolyte, for example, a READ ‘mode.

solulion of KCI. Measure out g

volume, say 5-cm’, into the cell, Sensltlvity

calibrate the meter and determine the

conduclance. Then add KCisolution This control, which is also on the fronl panel, is used while calibrating the meter..
in 1 cm? lots and measure the ’
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conductance after each addition. The .

volume of solufion beyond which ~ 3.3.3 Method of Operation

conduclance remains constant is the

minimum volume This volume can ~ The following instructions will help you in using the conduciometer.

also be obtained graphically by
plotting conductance vs volume of 1) Check the mechanical zero of the meter before connecting the instrument

solution (Fig. 3.7). 10 the mains. If the needle is not showing zero, then adjust this using 2 smatl
sc?€w driver inserted into the hole under the meter. Then connect the instrument
to the mains and switch on the instrument using the power switch.

"2)  Take the minimum volume of the solution (for which conductance is to
be measured) in the conductivity cell and, connect the cell to the

instrument.
Minirmmum

o Yolume 3y Keep the mode selector at READ.

Volumc/em® 4) Set the range selector at one of the positions, 0.2. or 2 or 20, such that

Fig. 17 : Conductance vs, volume of the position which gives a meter readl.ng is around the middte of the

solution plot for determining the scale.
minimum velume.

3) Shift the mode selector at CAL. Then adjust the sensitivity control (o set

For any conductance m - . . . . .
¥ ance mcasurcment the meter reading to mid-scale. After this adjustment, do not disturb the

using this cell, the volume of solutiop
to be taken has to be equal.to or more. .
than the minimum volume. the conductometer.
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sensitivity control. The steps 1 to 5 are collectively known as calibration of =
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6)  Set the Mode selector to READ and read the meter 1o get the actual Low-Cost Instruments

conductance value of the solution.

Precautions

1) Measurement of conductance in the course of a titration or a kinetic
experiment may require shifting the Range Selector control. Every time you
change the range, you have to check il the meter calibration is alright.

2) Conductivity cells should never be left with any solution or without proper
cleaning after an experiment. After cleaning and rinsing well with distilled
water or deionised water, leave Lhe cell with elecirodes well immersed in

distilled/deionised water.

Rinse the conductivity cell well with the test solution a couple of times
before filling the cell for measuring conduclance.

4)  You musi keep the mode selector at CAL (and not at READ) under the
following conditions:

e al the time of disconnecting the conductivity cell

e changing the solution in the cell

® at the time of connecting the cell but before pouring the solution into it

3) If for any experiment you have 10 stir the solution in the conductivity cell,
then keep the stirring rod above the solution while reading the meter.

The method of measuring the conductance of 4 solution can be understood from

Demonstration Experiment 2. -

3.3.4 Demonstration Experiment 2: Determination of Conductance
of Given Sodium Hydroxide Solution

We shall use the low-cost conductometer to find out the conductance of 0.01275
M NaOH solution. This experiment will help you in doing Experiment 21 of this
course which deals with the kinetics of saponification of ester.

Aim : To find the conductance of 0.01275 M NaOH solution.

Requirements
Apparatus
Conduciometer - 1
Conductivity cell - 1
Wash bottle - |
Chemicals

0.01275 M sodium hydroxide solution
Deionized water

Procedure

Before filling the conductivity cell with 0.01275 M NaOH solution, it is washed
~ with water and rinsed with the given NaOH solution. The instructions 1 10 4 given
under “meihiod of operation” are [ollowed. We find out that it is prefcrable to'

-
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The mV/pH meter owves its
name 1o the fael 1l it is useful
in measuring the potential
difference of cells (in mV unils)
and in detes mining pH of the
solulions.
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place the range selector at 20, since it leads to a meter reading around the middle
of the scale. The sensitivily control is adjusted to sel the meter reading lo
midscale, After this adjustment, (he sensitivity control is not disturbed. The mode
selector is shifted 1o “READ"” position. The conductance ol the given' NaOH
solution is found out and the value is entered as shown below:

The conductance of 0.01275 M NaOH solution =........ ...mS8

SAQ 2

The conductivily of 0.1000 M potassium chloride solution is 1.167 S m! at 293 K.
Calculale its molar conductance. (Hint : Use Eq. 3.9).

3.4 POTENTIOMETRY

Potentiometry deals with the measurement of difference in polential between 1wo
clectrodes which have been combined to form an clectrochemical cell. The
clectrochemical cells arc of two types, galvanic ceils and electrolytic cells. Tn
galvanic or voliaic cells, chemical energy is transferred into electrical energy. As a
resull of this, galvanic cells act as a source of electrical energy. Daniell cell which
we are going Lo sludy in dctail, is a familiar example of a galvanic cell. In
clectrolytic cells, electrical energy is transformed into chemical energy. In
electrolytic cells, application of voltage higher than that of the cell results in a
chemical reaction. For example, passage of electricity through acidified water
causes electrolysis of water. Tt results in the production of hydrogen and oxygen at

the cathode, and anode respectively.

The difference in potential between the two electrodes of a galvanic ceil is known
as cell potential. The cell potential depends on the composilion of the clecirodes,
concentrations of the solutions (or pressures of gases) and the temperaturc.
Relutionship connecting the celi potential with the concentration of the species
involved in the concerned chemical reaction, known as Nernst equation, can be
derived 'G%’ing thermodynamic principles. A detailed discussion is given regarding
this in Sec. 17.6 of Unit 17 of Physical chemistry (CHE-04) course. Based on the
dependence of cell potential on. the concentration of the species in the cell, we
have used mV/pH meter in CHE-03(L) course as an analytical tool in acid-base
titration. In this course, we shall usc'meH meter for the determination of pH
of buffer solutions and the solubility product of silver chloride. In order to
understand the above 1wo experiments, we shali study the galvanic cells in a

detaited way.

3.4.1 Galvanic Cells and Cell Reaction

There are many types of galvanic cells. We are interested in such galvanic cells in
which the clecirodes are dipped in different electrolytes. We shall illustrate the

functioning of galvanic cells-using: Daniell cell (Fig. 3.8). - .
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Fig. 3.8 Danlell ceH
1) ancdlc compariment, [I) cathodlc compartment, llli sali bridge, [V) volimeter.

In Daniéll cell, zinc gets oxidised 10 Zn>* ions. Two electrons are released per
each zinc jon formed. These electrons travel towards the copper electrode and

are used in the reduction of Cu?* ions (o Cu. These two reactions can be written
as follows:

Zn(s)—> ZnP*(c;) + 267 Oxidation ... (3.10)
) +26——> Cufs) Reduction co (301

An electrode dipping in an electrolyte constitutes a half-cell. For instance, zinc
rod dipping in zinc sulphate solution of concentration ¢, constitutes a half-celi
and copper rod dipping in copper sulphate solution of concentration C constlitules
another half-cell. Daniell cell is made by the combination of two half-celis. The
cell reaction in Daniell cell is the combination of two half-cell reactions (given by
Egs. 3.10 and 3.11) and is represented below by Eq. 3.12.

Zn (s) + Cu* () —  Zn**(c;) + Cu(s) . (3.12)

Knowing the type of reaction taking place in a cell, we can represent the cell on
paper. For this, the following rules will be helpful.

1) The oxidation part must appear on the left side of the cell. The reduction
part must appear on the right side of the cell. The stoichlometric numbers,
the electrons and water molecules appearing in the half cell reaction (or
cell reaction) must not find a place in the ce!l representation:

2)  The electrodes are shown at the extreme left and right positions. These are
shown distinctly separated from the corresponding electrolytes by means of
single vertical lines.

3)  In case of gas'electrodes, and many oxidation-reduction systems like
quinone-hydroquinone, inert electrads- ~:ch as carbon rod or platinum wire
are weat 61 electrical contact.

4)  The various materials present in the same half-ccll in.the same phase are. -
written together separated by commas.

Low-Coat Instrumenls
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Agar-agar lorms z dispersion of
liquid in solid (i.c., a gel) which
hecomes o thick mass, [t
prevents the free (low of
KCKNO, inia the wo
half.cells.
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5) Double vertical lines are used to join the two half-cells: this means 2 salt
bridge is used between the two half-cells. We shall shortly understand the

use of salt bridge in galvanic cells.-

6) Concentrations of ions, pressures of gases ¢lc. are indicated in brackets and
mentioned along with the substance.

In the light of these rules, you can understand the reprcscﬁlaliun ol Daniell cell
which is given below: -

Zn(s) | Zn?* () | | Cu?*(ep) | Culs) e (303)

3.4.2 Measurement of EM.F.

The polential difference across an electrade-electrolyte interface is calied
electrode potential.

The cell potential of a galvanic cell (Eceyr) is given by the difference beiween the
two electrode potentials, Ey and E,, of the cathode and anode, respectively.

En=E —E; <. (3.14)

The junction potential developed at the liquid junction between the two half-cells
also contribules to the cell potential. But this liquid junction polential can be
minimised by having a salt bridge between the two electrodes.

A salt bridge serves 10

® maintain clectrical neutrality within the solutions in the lwo half-cells
*® minimisc the liquid junction potential

® complete the circuil.

Let us now study the construction of salt bridge.-

I'reparation of Salt Bridge

Bend a glass tube in U-shape on a burner. Prepare the agar-agar solution as
follows: 0.3-0.5 g of powdercd agar-agar is dissolved in 10 em® of saturated
solution of KCI/KNO5 at 100°C on a steam bath (add agar-agar powder in small
quantities so that solution does not froth). Keep the solution at 100°C until ali
the agar;ggar has passed into the solution. Then add 1-1.5 g of KCI/KNQ4 10
produce excess of the solid. Now conncci the side arm of the bent U-tube 10 2
rubber tubing and suck the hot solution from the other end of the ruber tubing.
On covling, the agar-agar solidifies and this acts as a salt bridge.

Instcad of a salt bridge, a [ilier papér strip soaked in a saturated solution of KCI
or KNQ; can also be used across the two half-cclls.

Let us now discuss the measurement of cell potential. If a current is drawn
from a cell in the course of the measurement of cell polential, the cell reactio
procceds and the concentrations of the solutions change in the two hall-cells.
Hence, it is important to measure the cell potential without aljowing current
to ftow. The cell potential mclu'surcd nearly under zero or negligible current

fow is called electromotive force (c.m.f) of the cell. We shall be using
- low-cost-mV/pH mcter for-measurement.of e.m.f. and-pH. ..
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Low-Cost Instruments

Fig. 3.9 : Low-cost mV/pH meter

The low-cost mV/pH meter (Fig. 3.9) has a circuit based on operational amptifier.
This. instrument draws only negligible current and hence is quite useful in the
measurement of cell e.m.f. Another advantage is that il uses carbon electrodes for
pH measurement. A carbon rod extracted from used dry batteries works as the
electrode. This electrode is available almost at zero cost. Two carbon electrodes

are provided with each low-cost mV/pH meter.

The two half-cells constituting a galvanic cell are known as the indicator half-cell
and the reference half-cell. The reference half-cell potential is maintained
constant and the indicator half-cell potential is allowed to vary in an experiment.
When we use mV/pH meter for the measurement of concentration of a species
(such as in the measurement of pH of bulfers or determination of solubility

. product of a salt), the concerned species must be made the electrolyte in the
indicator half-cell. Before studying the various controls of the mV/pH meter, we
should familiarise ourselves with Nernst equation. :

3.4.3 Nernst Equation

The relationship between e.m.f. of a cell (or haif-cell potential) and the
concentration of species involved in cell reaction (or half-cell reaction) is gwen by
Nernst equation. Let us consider the following cell reaction.

.8A+bpB ——— ¢C+dD ... (3.15)

Nernst equation applicable Lo this reaclion is given below:

2.3U3RT [A] [B] | ... (3.16
wF oy e

Emell - -Eccll +

where
® A andBare reactants and Cand D are products in the cell reaction

© g, b, c and 4 are stoichiometric coefficients.
As per JUPAC convention,

o Eln=ERuE- Ef ug; ERue and EfHE are the standard electrode poientials tive standard electrode
of the electrodes al the right hand and {eft hand sides. The standard electrode potealial is mentioned for
potentials of some electrodes are given in Table 3.3. The standard clectrode ~ thereduction of a specificd
s - . . ;. . specics at Lhe clectrode.
potential is-the potential at the electrode when the species at the electrode are in
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their standard states at 1 bar (= 10° Pa=~1 atm) pressure at any specified
temperature and at unit concentration. The temperature usually chosen is 298 K.

" 1 is the number of electrons involved in the celi reaction

L ]
® F isequal to 96500 coulombs
e T istemperalure _
& [A], [B], {C] and [D].are the concentrations of the concerned reactants and
products.
Table 3.3: Standard Electrode Potentials -
Ha]fil'cel_l reactions E°rv
CLit+e—sLi -3.0
K*'+e —sK . -2.95
Ca®* + 26— Ca ‘ 287
Mg + 2 — > Mg . ' ~236
AP+ 3 — Al : -1.66
Zn?* + 26 — > Zn : ~0.76
Fe?* + 26— Fc _ - -0.44
So®* +2¢—$n | _ ~0.14
Pb* +2¢"——> Pb -0.13
Fe** + 3™ ——> Fe : -0.04
2H*+ 26 — > H, ‘ o 0.00
Cu** + 26— Cu ' . +0.34
Cut+ec —sCu . ' +052
s + 267 ——>-2I ' +0.54
MnOj; + 2H,0 + 3¢ — > MnO; + 401 | +0.59
Fe*t + ¢ —» Fe* +0.77
Ag® +. ¢ — Ag -. +0.80
Br, + 2¢” > 200 - +109
CrO% + 18 ¥ 6o > 265 + 11,0 +1.33
Cly+2¢ —> 20I +1.36
MnO; + 8H* + 5¢ —— Mn?* + 4H.0 4+ 1.49

Fr+ 2H* + 27— 211 +2.87

For the ¢alculation of electrode potentials when the concentration of the species
al the electrode is not equal 1o unity, we have (o use the fotlowing modilicd forms
of Egs. 3.15 and 3.16.

Hall-cell reaction: A"t (¢) + neT———= A(s,{ or g) L (BT
 Nernst equation: E = E” + —-—2'_303RT'idgc Y 3 )
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Where E and E? are the electrode potential and standard electrode potential
respectively and ¢ is the concentration of the solution.in contact with the electrode,

We shall next discuss the types of electrode systems.

3.4.4 Types of Electrodes

A large number of electrodes are known. For convenience, the eleclrode systems
arc divided into various types. We shall discuss the following three types:

i) Metal-metal ion type .
A metal is in equilibrium with its ions in solution. We shall study (he following
three examples under this type. -

1) zinc-zinc sulphate solution

2) copper-copper sulphale solution

3) silver-silver nitrate solution

ii) Metal-insoluble salt type

A metal is in contact with a salurated solution of its sparingly soluble salt and
another soluble salt’having common anion.
We shall study the following example:

Silver-silver chloridc-potassiurn chloride solution
iiiy Redox electrodes

These electrode systems have species in solution in two different oxidation states.
We shall discuss the following example:

Carbon—quinone-hydroquinone

The carbon rod is an inert electrode and is used for electrical contact: Some other
familiar examples of redox electrodes are given below; we will not be discussing
them in detail.

Platirum-—ferric ion-ferrous ion
Plalinum-permanganale ion-manganous ion

These two are used in acid medium.

Let us discuss in detail some of the half-cells coming under the above types of
electrodces.

1) Zine-zine sulphate half-cell

The haif-cell representation for zinc elctrode is,
Zrl-(s) | ZnSO4(c)
Where ¢ is the concentration of zinc suiphate solution,
The half-cell reaction is,
Zn ey + i —>  Za(s) , T (3.19)

This elecirode is reversible with respect to Zn®* ion.

The standard reduction potential for zinc (E%n2+/2n.) is -0.76 V. The relationship

useful in calculating the electrode potential of zinc elcctrode (EZntt, 7o) dipped in
a solution of zinc sulphate of concentralion ¢ can_be written using-Eq..3.18 as -
follows: : '

Low-Cost Insiruments

‘The clectrode is said 10 be

reversible with respect to such
ion or ions which lake{s) part

in the half-cell reaction.
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B8 1+ 0+ Z3RT o0 (207 ... (3.20)

Ean+/Zn 2F

2.303RT
= EoZnH-/Zn + 2F lOgC
Construction of Zinc Electrode

Take a zinc rod and dip it in zinc sulphate solution Of known concentration. If
the zinc rod is not available, then use the can of a used dry battery. The can
should be cleaned with a sand paper and the connecting wire is to be soldered.

2) Copper-copper sulphate half-cell
The hall-cell representation for copper electrode is
Cu(s) | CuSO4(c) .
Where ¢ is the conccmrélion of copper sulphalc' soiut_ion.

The half-cell reaction is,

Cu*(c) + 27 —>  Cu(s) ' . ... (321)

This electrode is reversible with respect 10 Cu?* ion. The siandard reduction
potemntial for copper (EL2* /) is +0.34 V. The electrode polential of copper

electrode is related to the concentration of Cu?™ ions as per Eq. 3.22 which is
written similar to Eq. 3.18. '

2.303RT . . 2
Eci*/cu= ECi+/cit S5 1B [CoP'] ... (3.22)

2.303RT
= Ecut +/Cl.l + T log c

Construction of Copper Glectrode

Take a copper rod and dip it in a solution of copper sulphate of known
concentration kept in a beaker. If the rod is nol available, then usc 2 connecting

copper wire.
3) Silver-silver nitrate half-ceil

Silver wire ¢@n be used in the construction of

i) silver-silver nitrate half-cell which is reversible with respect 10 Ag" 10ns or

i)  silver-sitver chloride half-cell which is reversible with respect 10 chloride
ions. We shall discuss Lhe former (ype now.

For silver.silver nitrate half-cell, the ‘rcpresenlalion is
Ag(s) | AgNOs3(ec)
where c is the concentration of silver nitrate solution.
The hali-cell réaclion is,
Agtcy+e —>  Ags) - (3.23)

Hence this elecirode is réversible with reéspect 1o Ag¥ion.”

o = =y 1 ~ Yy
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The standard reduction potential for Ag+—Ag system is (ER;WJ is +0.80 V. The
electrode potential of silver-silver ion clectrode is related to the cencentration of
Ag+ ions as per the equation,’

2.303RT lo
F

= Eﬁg“mﬁ;m%m:h?agc ' .. (3.24)

EAg+/ Ag= E?\g-l-/ agt ] lAg+l

Construction of Silver-Silver Nitrate Half-Cell

Solder a connecting wire to a small picce of silver wire and insert it from the top
of a glass tube. Use araldite at the lip of the tube and kecp it overnight for
drying. Dip the silver wirc in a solution of silver nitrac of known conceniration.

We shall be using this hall-celi in the determination of the solubility product of
~ silver chloride in Experiment 9 of Block 3 of this course. ’

4) Silver-Silver Chloride Half-Cell
The representation for silver-silver chloride half-cell is,
_ Ag(s) | AgCls) | KCi(c)
where c is the concentration of polassium chloride solution.
The half-cell reaction is, _ '
AgCI(s) +e& —s  Ag(s) + Cl(c) --.{3.25)
Hence this electrode is reversible with rcspécl to CI” jon.

The standard reduction potential for this half-cell
(EAgcyor) is 0.2223 V.,

Nernst equation for this half-cell is given below:

2.303RT 1
Epgcver = Epgever + log ——
{<]
. 2303RT. | ' :
Epgever = Egever + —F log_ ..~ (3.26)

Construction of Silver-Silver Chloride Half-Cell

Solder a connecling wire (o a small piece of silver wire and insert it from the top
. ofa jet type glass tube. Use araldite at the lip of the tube and keep it overnight
for drying. Keep the silver wire in contacl with 0.1 M hydrochloric acid overnight.

A fine coating of AgCl is obtained over silver wire. This can be used as Ag/AgCl
electrode.

5) Quinhydrone Half-Cell -

Quinhydrone is a 1:1 mixture of quinone [CoH,0,] represented by 1he symbol Q
and. hydroquinone [CsH4(OH),] represented by the symbol H,Q. Quinhydronc
clectrode is an example ot oxidation-reduction electrode. [t consists of an inert
electrode (carbon rod or Platinum wire) dipped in a solution conlaining a mixture
of oxidised (Q) and reduced (H2Q) forms of a substance. The half-celi

renresentation for quinhydrone clectrode js
€)1 Q-HQ () [ HY ()

where ¢ is the concentration of_H™* jons in.solution. .

Low-Cost Instrumenls
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CeH402(5) + 2H? (¢) + 26" ——  CeHa(OH)2(s) @327
Q@ (H2Q)

The standard reduction potential for quinhydrone electrode is 0.699 V. The

relationship useful in calculating the electrode polential (EQ/‘H?-Q) of quinhydrone

electrode in a solution of H* ‘concentration ¢ can be written using Eq. 3.18 as

[ollm:
Eqm0 = Ebrvo ""132?:1{ L [HYP
= Eomo+ ?'—m%ﬂ log [H*]
= Edq+ 22 10g 1] .. (328)
=Eqma+t E%?—T log ¢ ... (3:29)
- By 2208 o

[sinc.e —log [H*] = pH]

As per Eq. 3.27, you can understand that quinhydrone elcctrode is reversible with
respect to HY ions. As per Eqgs. 3.28 and 3.30, the quinhydrone clectrode can be
employéd for the calcilation of [H*} and pH. In Experiment 8 of Block 3 of this
course, we shall see the use of quinhydrone elcctrade in the determination of pH
of bufler solutions. In CHE-03(L) course, quinhydrone clecirode has been used in
the potentiometric titration of vinegar under Experiment 2 of Block 1.

Construction of Quinhydrone Electrode

You are provided with two carbon rods (o be used as clectrodes. Use one of these

carbon rods and dip it in a solulion containing H* ions. Add a pinch of
quinhydrone. This is quinhydrone clecirode.

. With this brief introduction 10 the clemeniary concepts of potentiometry, let us
now take;;u,lhe functions of the various controls of a mV/pH meter and the

method of operation.

3.4.5 Various Controls of the Low-Cost mV/pH Meter

. This is located on the back panel of the insirument.
This is used to turn the instrument OFF/ON. Alter
connecting the instrument 10 the mains, il this switch is
wrned on, the LED on the front panel will glow. )

Power Switch

. This swilch on the front panel of the instrument may be
put on Lhree positions marked pH. 200 mV and 2V.

i This brings into the circuit the pH scate, the 200 mY

scale or 2 V scale. When the switch indicates pH, the

meter reads between pH 2 and 7 or between 7 and 12;

Range sejector

T

oy
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R - -+ - - -ar200 mV:the meter reads between 0-and 200 mV; and —f -

al 2 V, the meter reads between 0 and 2 V.




Meter switch  : This is a sliding switch with three positions on the front
panel. The middle position serves as a standby position
(i.e., "off" position) when the meter is not in circuit.
This switch is used to reverse the polarity of
connections to the meter for measurements in the pH
range 2-7 or 7-12.

Set temperntire : This knob on the front panel has a scale marked in
degrec celsius. You must adjust it to read the
temperature of the test solution.

Set Zero : This knob on the (ront panel is used for calibrating the
: instrument. While calibrating for e.m.f. mcasurement,
this knob is used to bring the meler reading to zero.
When the mefer is bej ng-calibrated for reading pH, this
knob is used (0 sct the meter al the pH of the indicator
cell'solution.

Set slope : There are two knobs located on the back panel; the
lower knob is used during c.m.I. calibration and the
upper one is used for the pH calibration.

Cell Connection  There are two arrangements for connecting the celis to
the instrument. For cells using carbon electrodes, two
lead wires with black and red crocodile clips are’
provided. The black goes (o the reference half-cell and
the red to the indicalor half-cell.

The other arrangement has a socket on the back panel
for plugging 2 commercial glass elecirode; a terminal is
provided nearby for a reference electrade, e.g., calomel
electrode.

3.4.6 Method of Operation

Before using the PH mecter, it is necessary to calibrate it. Check the mcchanir;al
zero of the meter before lurning it on. If the needle is not showing zero, then
adjust it inserting a small screw driver into the hoic under the meter. The
calibration for e.m.[. measurement is givcn‘ below. The calibration for pH
measurement will be done in Experiment 8 of Block 3 of this course.

Calibration of the instrument for e.m.f, measurement

1) Connect the instrument to the mains and switch it on. The LED on the
front panel should glow.

2)  Short the two inpul leads. Shift the meter switch 1o 2-7 or 7-12 position. If
the meter does not read zero, adjust the set zero knob until it docs. Do not
disturb this knob.

3 Use a calibrated voltage source, such as the AVN c~rra ta ghiain 200 mV.
(ivp Wi uciu svadn at STANDBY position. Connect the vollage source
to the mV/pH meter at the cell connection terminals — positive tead of the
voltage source to the red terminals. Shift the meter switch 1o 2-7 position
and the seleclor switch to the 200 mV range.

4) Adjust the lower knob of the set slope until the meter reads full scale. With
this adjustment, the meter is calibraied 10 read between O and 200 mV.

s
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Alter this, the lower set slope knob is not (o be-disturbed for the rest of
the experiment.

5)  This calibrates the 2 V range also. You can check that by shifting the
selector switch 1o the 2 V range and, by including a 2 V calibrated input at
ihe cell connection terminals. Once the instrument is calibrated, you can
connect any ¢cll for which e.m.l. is to be measured at the ccll connection
terminals and, read the e.m.[. Each division is equal t0 4 mV i in the 200 mv
range and 40 mV in the 2 V range.

To explain the construction of a galvanic ccll and the use of mV/pH meter in
e.m.[. measurement, the following demonstration experiment is given.

34.7 Demonstration Experiment 3: Construction of Daniell Cell and
Measurement of E.M.F.

We shall illustrate the way of construction of a galvanic cell and measuring the
e.m.f. For this, we shall construct Daniell cell. This experiment will help you in
performing experiments 8 and 9 of Block 3 of this course.

We shall construct Daniell ceil using 0.01 M ZnSO,; and 0.1 M CuSOy. The cell
can be rcprcscnted as follows:

© Zn(s) | Zn**(0.01M) |} Cu®* (0.1 M) | Cu(s)

t

The cell reaction for Daniell cell can be written as follows:
Zn(s) + Cu** (01 M) ——>  Zn2¥(0.01 M) + Cu(s) .. (33D

You can see that this equation is obtained by subtracting Eq. 3.19 from Eg. 3.21
since, Zn gets oxidised' to Zn®* and Cu?* gets reduced to Cu. You know that Eqs.
3.19 and 3.21 arc written {or the reduction of the concerned species only. Again
Nemnst cquation applicaole w Eq. 3.31 is obtamcd as follows by subtractiiig Eq.
3.20 from Egq. 3.22,

303 2
E = B2yt Z20RT 1 oo [Cu?H] - (EO 2 gt S RTlog[Zn“"])

2F ot Top
0 b4 g0 e\, 2303RT . [Cv¥7] -
= (ECu " cu—Eza®Y Z!) + IF log [Zn2+] .-+ (3.32)
i 2+
23037, [CuT],-
= . .. (333
yod (1.1 + = log |Zn2+]) % (3.33)

Aim

iy To construct Danicl] cel]

iy To flind the c.m.f of Daniell cell

Requirements

Apparatus

Copper rod

Zinc rod

Salt bridge or [ilter paper strip
Beaker (100 cm®)

m_WpH meler

Connecting wires
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Chemicals

0.1 M copper sulphate solution
* 0.01 M zinc sulphate solution

Saturated potassium nitrate solution,

Procedure

First mV/pH meter has 10 be calibrated as per the instruction given wnder
“calibration of the instrument for c.m.f. measuremeni”.

" Next the zinc rod is dipped in a solution of 0.01 M zinc sulphate. The copper rod

is dipped in 0.1 M copper suiphate solution. The zinc half-cell is connected [0 the

indicator terminal of the mV/pH mcter. The copper hall-celi is connccted to the
reference terminal of the instrument, The two halif-cells are connecied by means
of a potassium nitrate saly bridge or by means of a filter paper soaked in
Saturated potassium nitrate solution.

The e.m.f. of the cell is mcasured. The measurement js made at least (wo more
limes and the average e.m.f. value js taken. The result is entered as {ollows;

Temperature ‘ =....K

The e.m.f. of Danicll cel containing
0.1 M CuSOy solution and 0.01 M
4S50, sotution measured using
mV/pH meter;

i) first measurement : =....V

ii) second measurement : =....V

iif) third measurement =.. \'4
Average c.m.f, =....3V

= .V

The calculated value of e.m.f. of =129V

the above Daniell celi using Eq. 3.33
SAQ 3

Calculate the e.m.f. of the following cell at 298 K-
Zns) | ZnSOy (5.0x10™M) || CusO, (5.0x 10! M) | Cu(s)

Hints: (i} Use Eq. 3.33 (i) Since EOCUH,CU and EOZ,,H,Zn are quantities defined
by standard

state, EUCUH,C,_,, E°7_n3+,zn andEOCuH,Cu— Eﬂy_nz"'/’/_n (Which is equal tol.1
V) are considered 1o be exact quantities. Hence '1.1" is supporled to have

infinite significant figures. (iii) 3'3—3:3—"11 = 0.059 v

Low-Cost Instrumenis

The dingeam af Daniel] cel is
given in Fig. 3.8.
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3.5 SUMMARY

In this unit, we have discussed the prirciples of colorimetery, conductometry and
potentiometry. We have explained the use of low-cost instruments in measuring
absorbance, conductance and e.m.f. We have described three demonstration
experiments to tllustrate the use of the low-cost insuumems._

3.6 ANSWERS

1} According to Eq. 3.1, ¢ = %
- 0.1250 > mol o2
245 x 1,00 X 10”
-3
_ _01250x 10 mol dm=>

245 % 1.00 x 1072

= 510%x 1075 M.

2)  Using Eq. 39, Ay = 'E‘ =11.67 S m? mor!

' 3) [Cu*] =50x 107" M

[Zn?*} =5.0x 107 M

Using Lhese values in Eq. 3.33,

_ 0.059 50><1-::1
E= (1.1+ 5 50>< 10_3)
= (1 1 +0059xz.00)v

2

(L1 + 0.0590) V

1.1590V .

e n
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BLOCK 2. PROPERTIES OF LIQUIDS
AND THERMOCHEMISTRY

Introduction

In Block 1 of this course, you studied about some basic laboratory skills and
techniques. By now, you must have understood how to carry out simple laboratory

operations like
e weighing a solute
‘® - using a thermometer -

- & tabulating your ob3ervatibns, plotting a graph and maintaining your laboralor}'
rccord

You are now welcomed (0 1he laboratory for performing actual experiments. You
are advised 10 go through this block and understand the concepts explained before
starting the experiments. This black contains 4 units. The first two units of this
block, viz, Units 4 and 5 are based on the study of properiies of liquids while the
other two units, t.e., Units 6 and 7 are devoled 10 the thermochemical '

) measurements.

In-Unil 4, you will study about the measurement of surface tension of aqueous
solutions of common household delergents.

Unil 5 deals with the measurement of another property of liquids, i.e., viscosity.

Unit 6 discusses the dctermmanon of the enthalpy of solution of a sclule. It also
describes the determination of the heat capacitly of a calorimeter.

Unit 7 explains how 1o deicrmine the cnthalpics of neutralisation of

(i) a strong acid with a strong base and

"(ii) a weak acid with a strong base.
This data will be used for the determination of enthalpy of ionisation of the weak
acid.

Keeping the above objeclives in mind, we have designed six experiments. The
details of these experiments have been explained in the units mentioned above. So,
start studying the contents.

Wishing you all good tuck in these cxperim'enls. ;

Objectives
Afier studying this block und performing the experiments, you should be able to:
® explain the concept of surface (ension and various phenomena associated with i,
s state the factors alfecting the surfuce lension,
® deline the coefficient of viscosity and write jts units (both in S1and c.g.5. systems),
® Jiscuss the variation of viscosity with temperature, >
.® dcscribe the first law ol thermodynamics,
“® siate the principic of calorimetry,

¢ delinc the enthalpy of solution, enthalpy of neutralisation and- gnthalpy of
ionisation and explain the method of their determination.
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'UNIT 4 SURFACE TEN'SI_ON

Structure

4.1 Introduction
4.2 Surface Tension
. Surface Free Energy
" Imterfacial Tension _
. Capillary Action : . .
4.3 Factors Affecting Surface Tension . - - .
Effcct of Surfactanis
. Effect o[Tcmperaturc .
44 Mcasuremcnl of Surface Tension
4.5 E‘.xpenment 1:(i) Determination of Surface Tensmn of an Aqueous
Solution of a Detergent
(ii) The Study of Variation of Surface Tension with the
Conoentrauon ofa Delergent (Optional}
Principle
Requirements
‘Procedure
Observations
Caleulations
Result

‘ 4.6 Answers

‘41 INTRODUCTION

You already know that matier can exist in three possible siates—solid, liguid or gas.
In gases, the kinetic encrgy of the particles is sufficieatly high to ovescome the
intermolecular forces of attraction. As a resuli of this, the gaseous molecules arc-
(ree to move randomly in siraight lines. In solids, the forces of dttraction exceed the
net kinetic energy of the molecules. The result is that the molecules become
strongly packed together, giving them a shape rather fixed and restricted.

The properties of liquids are in between those of the gases and solids. In liquids,
relatively short range forces of attraction are at work which hold their molecules at
moderate distances. Though, the speed of the molecules in liquids is relatively
slower than molecules in gasés, their motion is still rapid enough 1o prevent them
from being confined in definite positions. Hence, liquids have no specific shape and
their molecules easily slide pass each other permitting them to take any possible
shape allowed by the container. : :

]

Thus, not only the particuiar state of the substances but also their subsequent
physical properties can be regarded as a result of the net balance between the
kinetic encrgy of the molecules, which tend to keep them apart, and the
intermolccular forces of attraction which tend to keep the molecules logether,
Here, in this unit you are going 10 study about the measurement of one such
important property of liquids, namely, the Surface Tension.
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Properiies of Liquids and - Objectives , . . i
Thermochemistry . - . F

After going_lhrongh this unit and performing Experiment 1, you should be able to:

® define surface tension and surface free energy, and give thieir units, ;

® express clearly the correlation between the molecular forces of attraction and the
Phenomenon of surface tension in liquids, '

® explain interfacial tension and capillary action, - E

@ comment on various methods of measuring surface iension and the principle
involved therein,

® discuss how the surface tension varies with temperature and provide possible
reasons for this variation, and

® explain why the surface tension of an aqueous solution should decrease in the i
presence of surface active agents.

BTy

4.2 SURFACE TENSION

T =

Fig. 4.1 shows that a molecule in the Interior of a liquid is completely surrounded
by the other molecules, and experiences the force of attraction equally in ali
directions. On the other hand, a molecule at the surface experiences the attractive
forces only from downward direction, and this resnits in a net iward pull. Thus,
F;g. 4.1 ‘Forees of attracilon af under the influence of the molecu’larl f_o;oe.s of att.raclion fror_n within, a liquid

the surfacs and in the develops a tendency to contract jts surface such that it acquires the sl llest

Interior of a liquid possible area for a given volume. That is why drops of a liquid and bubbles of a gas
) in a liquid tend 10 acquire a spherical shape. As a result of this contraction, a liquid.
Surface eventually comes under the state of stretch or tension, and the force

(stretching) acting equally at every point in all directions along the surface, is

The surface 1esision may also be known ds the Surface Tension.
defined in c.g.s. sysiem as the force -

in d ting at right angle t R = . 3 . .
In dynes Ac "NE A1 right angle to any Quanmauvely, the surface tension denoted as ¥> may be delined in 8] units as the
line of one centimetre length along

the liquid surface. In this case, the force in newtons (N) acting at right-angle to any line of one metre length ~long the i
force in dyncs acis along a distances  surface of the liquid. Since, the force in newtons acts along a distance of dne metre, i

of oke centimetre, so the ‘“”“‘E, the unit of surface tension is expressed as N m~!.
Iension is cxpressed in dynes e,

TN

T e T

In other words, we can also say

] \ . Related 1o the surface tension is the property of surface free energy. Let us now
that dynesem™ x 107 = N m~

undersiand what do we mean by this term.

" 4.2.1 Surface Free Energy S . :

The c.gs. units of surface free . .
g 2 ¢ The surface free energy, as such, is a Characieristic property of the surface and
CNCrEy are ergs cm”™~,

arises due 1o surface tension. The surface lension acts inwards allowing a minimum
surface area for a given volume of liquid. Therefore, extension of a surface against
the force of surface tension requires some work to be done which results’in an
SN increase in the energy of the surface by the same amouni. The work required 1o
tncrease the surface area by one unit by moving the molecuies from interior of the
liquid to surface, is called the surface free energy. The SI units of surface free
eneryy arc joule melrc‘z._ The two quantities, the surface frec energy (J m‘z) and
the surface tension (N m“‘) and are mathematically equivalent. The surface icnsion
for some substances js given in Table 4.1 :

-—H T
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Table 4.1: Surface Tension of Some Substances Surface Tension

Substamce . TemperaterePC (0¥ Nm™)

Platinum 2213 ' 1900

Copper 1404 1100 .

. i . . Sur{nce tension is measured for

* Aluminium 700 I 840 : liquids. You can see high

Lead aso - 453 lemperatures being used for the

A . first four entries mentioned in
‘Mereury 20 472 Table 4.1 which are required for

Acetone . 20 ' 237 reaching their melting point.

Benzene 20. ’ " 28.88

Chiloroferm 20 - . 21.14

Ethanol ’ 20 28

Methanol 20 . 26

Waler - 20 72.88

Oxygen =203 183

Nitrogen ~203 105

When & system contains more
. - - than one phase, the region
4.2.2 Interfacial Tension . whexe the phases meet, is called
Lo ' . ) the Interface or interfaclal
The surface of a liquid is, infact, a surface of separation or an interface between the reglon. The common example

liquid and its vapour phase, and the value of the surface tension is the force acling of the interface being the

per unit length along this liquid/vapour interface. surface of separation between
. iwo immiscible ar partially

In general, the force acling per unit length along the surface of separation or miscible liquids.

mlerfacc is known as the interfacial tension. This is also expressed in Newton
metre” (N m ) units.

Having understood the term interfacial tension, let us turn to the phenomenon of
capillary action. You must be familiar with the fact that water rises in a capillary
tube. Also you must have seen that mercury shows a depression of level in a
capillary tube, The rise or fall (depression) of liquid ievel in a capillary tube is
known as capillary action. Can you guess what is responsible for this phenomenon?
It is the surface tension which is responsible for rise (or fall) of 2 liquid in the
capillary. Let us now study it in more detail.

4.2.3 Capillary Action

Waler in a capillary tube is pulled upwards due 1o the force of surface tension and
is pulled downwards due to the force of gravity. Water continues to rise in the
capillary till a balance between the two forces is reached. Such a rise is depicted in

Fig. 4.2 (a).

This can be more clcarly understood if we take into account the (orces operating at

the molecular level. Two types of forces operate when a glass capillary is dipped in

waler viz. cohesive and adhesive forces. Cohesive forces are the intermolecular

forces among the molecules of water whereas adhesive forces operate between the

molecules of water and the molecules of the glass which constitutes the capillary

walls. The adhesive forces pull water upwards and lead 10 the wetting of glass

(capillary walls). On the other hand, cohesive forces act downwards. The height of

the resulting column of water in the capillary is determined by the balance of

adhesive and cohesive forces. : 7
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‘Properties of Liquids and
Thermochemistry

A foree vector (e.g. ¥) can be resglved

into two rectangular componenls ;
Ycos® and 7 sin 6 as shown below :

[

N

Flg 43: Resolatlon of m Yector inlo

y‘ X

tomponents,

Fig 42: Capillary actlon: () Rise of water in a caplllary,
{(b) Depresslon of mercury level in & caplltary.

You must have also noticed the shape of the meniscus when water rises in a glass

capillary. The shape is concave indicating that the adhesivd Torces between water

and glass are stronger than the cohesive forces between water molecules. In some
cases, e.g., in'case of mercury, the shape of the menijscus is convex and there is a -

depression in the level of mercury inside the capillary, see Fig. 4.2 (b). This is due

o stronger cohesive forces as compared (o adhesive forces.

Let us now derive an expression which relates the above forces with the surface
tension. ' ‘

The force in the downward direction, F, i.e. cohesive force is given by mass of the
liquid column () above the fat surface of‘liquid multiplied by the acceleration
due to gravity (g). Again mass of the liquid is equal to the product of volume (V)
and density (d} of the liquid. Considering the particular bit of liquid portion as
cylindrical, the volume can be given by the formula m%n.

Fy=mg= V.d.g:m‘zhdg : . (4.1}
where r is the radius of the capillary and 4 is the height of the liquid column.

The upward force, F, i.e. the adhesive force is equal to the vertical component (See
Fig. 4.3) of the surface tension (=7cos8) multiplied by the circumference of the
capillary (2zr). Therefore £, can be represented as given below

F,=2m7cos8 ..(4.2)

where® is the contact angle as shown in Fig 4.2. Avequilibrium, F, = F,. Hence,
we can write from Egs. 4.1 and 4.2 that

nrPhdg = 2 7r Yeos 8

rhdg

or = m . .. (4.3)

We can use Eq. 4:3 for the determination of surface tension (¥).
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Having understaod the above discussion, answer the following SAQ.
SAQ 1L
i) Why do the liny drops of a liquid look spherical in shape?

iiy  Swurface tension ofaliquidis.............. . in newton atright angles to a

line of one meler length alongthe ............. of the liquid.
iy ~ What is the surface frec energy?

v) *The unit of interfacial tensionis................ ...%..and that of
surface free emergyis ... . ... ... ........ .

.3 FACTORS AFFECTING SURFACE TENSION

Ve will now focus our attention on some of the factors affectin g the surface

ension. We will first-explain the effect of surfactants and then discuss the effect of

emperature.

3.1 Effect of Surfactants

uriactants are surface active materials and they generally consist of molecules
ontaining polar and nonpolar parts. These parts have a sirong tendency 1o orient
1emselves al the interfaces of two immiscible or partially miscible liquids. The

:ndency of the surfactant molecules to align at an interface favours its éxpansion.

his expansion must be balanced against the tendency of the interface to contracl
nder surface tension forces. Hence, the presence of 2 surfactant in agueous
Mutions lowers the surface tension.

Y=Y,—nx - (4.4)

here, x is the expanding pressure or surface pressure due to absorbed layer of
iwfactanl and y,, is the surfage tension of the liquid in the absence of the

irffactant. '

3.2 Effect of Temperature

s the temperature increascs, the kinetic energy of the molccules increases. This
uses a decrease in their intermolecular forces of attraction. This results in a
icrease in the surface tension of the liquid. For the majority of compouhds the
mperature dependence of the surface tension can be given as,

Y=A-BT e (4.5)

were, A and B are the constants and T is the temperature in degree celsius. The
lues of A and B for various compounds are available due to the research work
ne so far. After studying this section, answer the followin ESAQ.

" Surface Fension

The common examples of surfaclants
arc s0aps and delergenls. Soape are
salis of long-chain faty acids. The
delergents are of two lypes — anionic
and cationic. The anionic detergents
are sodium salts of linear alkylbenzene
(LAB) sulphonic acids. Their geoeral
suructure can be represcnied as,

sO;-Na*

The catienic delergents are gencrally
the quaternary ammaonium salts of the

following type

CH;CHy),

(CHy),RN*CI

where R is alkyl chain having 12-18
carbon aloms.

By lowering 1he surface tenston. the
surfactants help the grease or girt
(non-polar in paturc) 1o dissolve in
water. This solubilised prease is then
washed away with water. This (o1ms 1he
basis (or the cleansing action o1 soaps
and detergenis.
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Properties of Liquids and
Thermochemisiry

S5AQ 2
i) Addition ol a délcrgent 10 WIlCT Will oo csrseerneens 118 SUTfOCE ERSiON,

i) At higher temperature, the surface tension of 2 liQUid .oooeeeoceeceeeven, because
v derreases. :

44 MEASUREMENT OF SURFACE TENSION

There are various methods for determining the surface tension of a liquid. The
names of such methods are given below:

i) Capillary rise method

liy = Torsion balance method

iii)  Maximum bubble pressure method
iv)  Stalagmometer method

Here, we will be discussing the stalagmometer method only because this method
you will be using in the detcrmination of the surface tension in Expcriment 1.

4.5 EXPERIMENT 1 : I) DETERMINATION OF
SURFACE TENSION OF AN AQUEOUS SOLUTION
OF A DETERGENT
II) THE STUDY OF VARIATION OF SURFACE
TENSION WITH THE CONCENTRATION OF A
DETERGENT (OPTIONAL)

.Here, in 1his experiment you are going to use a stalagmometer. This is shown in

Fig. 4.4 and i$ called Traube’s Stalagmometer. 1L is a simple apparatus and is
frequently employed when the values of surface tension of two or more differeat
liquids are 10 be compared.

>

Fig. 3.4 : Traube's Stalagmomeicr.

Tt consists of a bulbed capillary tube, the end of which is flattened and grounded
carefully so that there is a large dropping surface. There arc Iwo marks, A and B,
on it which are arbitrarily eiched; onc of them is above the bulb and the other is
below the bulb. A liquid-is sucked up to the level A and thén allowed (0 flow at a
slower rate drop by drop unlil it reaches the tevel B. The specd of the drop
formation can be adjusted by atlaching a picce of rubber tube with a screw pinch
cock at the upper end of 1he tube. Before going to the actual delails of the
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procedure, you should understand the principle involved in this method, which is '
explained below.

4.5.1 Principle.

Wheii a liquid is aflowed to flow through a capillary tiibe, a drop begins to form at
its lower end, and increases in size to a certain extent, and then falls off. The size of CL

the drop will depend oii the radius of the capillary and the surface tension of the

liquid. The total surface tension supporting the drop is 2. ¥, where 7 is the outer - Capillary
radius of the capillary tube, see Fig. 4.5. The diop will fall when its weight-w, just -
exceeds the force of surface tension acting along the circumference. Therefore, -

w=2arY ‘ e (46) Wall thickness

Surface
tension

where w, is the weight of the drop and 2 is the outer circumference of the

capiilary tube.

. —_::'-'_:I acting
From the above expression, it is clear that the surface tension of a liquid can be ST —{—— = along the
determined if the weight of a single drop w and the outer-radius of the dropping =457 Ccircumfercnce

tube, r are known.

If, we have two liquids, such that
wy = 2mr'¥y, ] Flg. 4.5 : Formation of a drop at the
' : : end of the caplilary.

and wy=2mr7Yy

then, we can say that

m_n - - - '
W2 - }'2 ) - e (47)

If 7, for one of the liquids is known, ¥, for other liquid can be determined without
needing 2 measurement of r, the outer radius of the dropping end of the capillary,
provided the weights of the individual drops of two liguids are known. This method
of delermination is also known as Drop Weight Method. Alternatively, the surface '
tension can also be determined using the Drop Number method as given below.

Drop Number Method

Instead of finding the weights of individual drops, it is easier to count the number
of drops formed by equal volumes of two liquids. With two dillerent liquids, the
weights of equal volumes are proportional 10 their densities. If 7, and n, are the
number of drops formed by the same volume V of the w0 liquids, then; v, the
volume of a single drop of first liquid (i.e., liquid one) = ¥in,.

Weight of an objeid is the force

Thus, -
- . . expericneed by it due o gravilalion
weight of the singledrop = wy=Viny X dy X g for first when it is frecly suspended (as in
. - . . ing b . Therefore.
of the first liquid liquid, where d; is the density spring balance). Therelore
of the first liquid. weight = mass X acceleration due
and 1o gravity
weight of the single drop = wy = Viny X dy x g forsecond or w=m X g
of the sccond liquid . liquid, where dy is the density 9
. Wy =m
of the second liquid. L=m% 8
and wy,=my; X g
Substituting the above values of w, and w, in Eq. 4.7, we get Tous, =T xg_m
Tw,  HXg N

Surface Tension

11
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Properties-of Liquids and
Thermochemistry

Chromic acid is prepared by
dissolving polassium dichromate
(KyCry09) in cone, 11,80,

12

We get,

4 _ (%,_) x.'d] xXg _ dy/nq _ nady
Y2 Gh)XdzXg dp/ny nydy

. (48).

where, ¥, and 7, are the surface tensions of two individual liquids, and dy and d,
are their densmes, respectively. Thus, for the determination of surface tension of
any I:quld the number of drops produced from equal volume of two liquids and
their densities must be known, in addition to the surface tension of the reference
liquid (e-g. water). - -

You can also check your understdnding about the Eq. 4;8 involved in the
determination of surface tension by answering the following SAQ,

SAQ 3

Calculau: the raiio of number of drops ofwalcr to those of mercury il the values of

density for mercury and water are 13.6 kg dm'3 and 1.00 kg ¢m™> , respectively. Use .

the valies of surface tension of the two liquids as given in Table 4,1.

Let us now focus our attention on the actual procedure and requirements (or the
experiment.

4.5.2 Requirements

Traube’s Stalagmometer 1

Weighing bottle/conical flask (50 mt)/ 1
Outer jacket of transition .
temperature of C.S.T. apparatus

Rubber stopper 1
Rubber tube (small piece) . 1
Pinch cock 1
Clamp stand i
Specific gravity boltle : 1
Thermometer (110%)- -]1—0 degice 1
Large beaker or glass trough 1

In addition, you will be provided with different solutions (upto 3 or 4 in numbers) of
household detergents (with varying concentrations) and also a botue of distilled water.

4.5.3 Procedure

Before starting the experiment, the stalagmometer should be cleaped by chromic

" acid solution to remove oil, grease etc. sticking on the inner capillary surface and

then washed with distilied water and finally with acetone or alcohol, and dried by
passing air. Now lake a weighing botile, tightly fitted with a rubber stopper having
two holes. Insert the stalagmometer through one of the holes. Through the other
hole, pass a glass tube for air ventillation {see Fig. 4.6). Attach a small rubber
tubing with a screw pinch cock to the upper end of the stalagmometer. Take out’
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the stalagmc;meler from the bottle, and fill it with distilled water by sucking it up to
the mark A. Close the pinch cock and insert the stalagmometer into the weighing
botile. Now, clamp the stalagmometer in a thermostat and allow it to acquire the

temperature of the bath. Now, open the pinch cock gently such that the liquid flows -

‘out slowly. Adjust the air inftow so that the number of drops formed should not -
exceed 15 drops per minute. Count the number of drops obtained when 2 fixed
volume of water flows between the marks A and B, i.e., count the number of drops

when the water level changes from A to B.

Refill the stalagmometer and repeat the counting of drops thrice, and record it in
the observation table, shown as Table 4.2, '

Screw pinch cock

| thermomefer
Rubber tube
Clamp.

Stand -—1 - Large beaker

or trough

Flg. 4.6 : Apparatas for ihe determination of surface teasion

Now remove the stalagmometer from the weighing bottle, wash it lhoroughly and
dry it. Fill it with the given detergent solution and reset the stalagmometer in the
weighing bottle. Count the number of drops fallen for the same volume of the
detergent solution between the marks A and B, Repeat the counting process thrice
and record in the observation table.

While doing 1he experiment, the following precautions should be taken.

Precautions

» The slalagmometer should be cleaned and dried before use.

» While sucking the liquid into the stalagmomeler, no air bubble should be formed.

» Stalagmometer should bE held in a vertical position throughout the drop counting _

process.

» Drop formation should be adjusted at a slower rale and should not exceed fifieen
drops per minute,

~

fou can record your observations in the space given below:

5.4 Observations

‘emperature, T °C
density of water at 1°C =dy = e kg dm ™
urface tension of water at (°C COT P T eeeeercresenen N m™!

‘Surfaoc Tension
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Propertles of Liguids and
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Specific gravily is a term somelimes
used in place of density. Specific Gravity
is the ratio of densily of a substance to
that of water. Since il isa ratio of two

, densitics, it is expressed without units,

Specific Gravity =
density of solution(in kg dm'J)
density of water (in kg dui” )

The density of water is 1 kg dm™;
lherefore, specilic gravity of a liquid or
solution is its density expressed without
units:

From the following steps, you can verify
the relationship beiween the density of &
selution and density of water as given by
specific gravity measurement.

Specilic gravity of a solulion =

Density of a solution -
Densityof water

Mass of sclution/Volume of solution
Mass of waler/(same) Volume of waler

= Mass of solution/Mass of water

Since we use same specific gravity bottle
for measuring the masses of water and
solution, volume is same in both the
Cas5es.

Hence Density of a solution =

Massofsolution

X i r
Mass ofwaler Densityolwater

This relationship holds only if masses of
water and solution are measured using
same specific gravity botlle,

14

Table 4.2

Number of drops formed from equal volume of liquids

{between marks A and B) -
Sl Water Drewcrgeil Soiiions
No. 8 ' 52 53 Sq
i : — L SO E—
it” - '
iii e T —
CAverage | . T )
e 3, fis, Rsy s,

mass of ernply specific gravity bottle Wi =.f
mass of specific gravity bottle + detergent solution =Ws=..§
mass of specilic gravity bottle + Water =w3=..8

The calculations to be done are also explained below:

4.5.5 Calculations
Density of the detergent solution 1 =

4 _ Massof thedetergent solution
5~ Mass of water

X densityof waler

Relalive surface tension of the detergent solution (s,) =

Vs dsl X Ry,
y— - —
w d“. x n51
Absolute surface lension of the detergent solution (s;) =

d": X ny,

ySl = yw o —_——= ...

-1
N m
d, xXn,

Likewise repeat the determination of density and calculations of surface tension for
other solutions and get ¥s,, ¥s; ete.

[ -t | = =y v 5 Ty
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The surface tension of water 7, at different temperatures is given in Table 4.3 for
);our reference. :

Table 4,3 : Surface Tension of water at different temperatures

Temperature/°C ' Surface Tenston { 10¥ N m™)
0 : . 75.83
5 , 75.09

10 7436
15 73.62
20 . " 7288 .
21 7273
22 : . 7258
23 7243
24 72.29
25 72.14
26 71.99
27 7184
28 71.69
29 7155
30 7170
35 . : 70.66
10 69.92
45 69.18.
50 T 6845
55 61.71
60 6697
100 ' 6180

The result obtained can be reported as shown below:

4.5.6 Result

i) The absolute surface tension of the detergent solutions (s, sy, 53, 5) at
temperature .....°C are as follows:

.751 = ... . N !Jl—1
YSz = i N I'l:l_l
Ysy, = ..., N m™!
Vo, = ..., Nm!

ii)  Similarly, you can determine the surface tension values for solalions of the
samc detergent having different concentrations and plot a graph of surface
tension Vs concentration values (cy, ¢;, c3 elc.). Discuss this graph with your
counsellor and find the possible reasons for, the variation of surface tension
wilh concentration of the detergent solution.

4.6 ANSWERS | :

Self Assessment Questions

i i}  Because of surface tension, a liquid develops a tendency to acquire
smallest possible area for a given volume. A sphere has the smallest
surface area for a giver volume. -

ii} . force, surface

Surface Tension
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ra

iii) Work required to be done in order to expand the surface area by one’
unit. ' '

iv) N m, I m
iy reduce

ii) decreases, intermolecular forces

"Let subscript 2 represcnt water and subscript 1 represent mercury. Then Eq.

4.8 becomes,
)"Hg ’ ny, ng
w - "Hg dw

or Tw _THp  dw
nyg  Yw T dy

0472 _ 13.6
= 007288 X too - 5!

(rounded to three significant figures)
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UNIT 5 VISCOSITY OF LIQUIDS

Structure
5.1 Introduction
Objectives
5.2 Viscosity of Liquids
The Coellicienl ol Viscosity
Units '
5.3 Effect of Temperature
54 Mecasurement of the Coefficient of Viscosity
" Ostwald Viscometer Technique _
35 Experiment 2 : Determination of the Coefficient of
Viscosity of 30% Cane Sugar Solution
By Ostwald Viscometer
Principle
Requirements
Procedure
Observations
Calculations
Result
5.6 Answers

5.1 INTRODUCTION

In the previous unit, you studied about the surface tension. a property which arises
due to intermolecular forces of attraction operating between the molecules of the
liquid. In this unit, in the light of the intermolecular forces, you will study another
important property of liquids i.e. the viscosity. Viscosity is a property of fluids, i.c.,

both gases and liquids have viscosity; but here we will focus our attention only on the

liquids. As you know the liquids are mobile and have general property to flow, known
as fluidity. When the molecules of a liquid move forward, the surrounding molecules
due to intermolecular forces of attraction develop a relative tendency to oppose this
movement. Such internal resisting forces that restrain the molecules of a liquid from
flowing past each other are, indeed, responsible for what is known as the viscosity of
liquids. In this unit, you will study aboul the measurement of the coeflficient of
viscosity of aqueous solution of cane sugar.

Objectives

Aller studying this unit and performing the experiments, you should be able to:

e 0o ® o

distinguish between the fluidity and the viscosity of liquids and correlale them,

LS

define the coefficient of viscosity of a liquid,

derive the units of coeflicient of viscosity,

predict the effect of temperature 2nd the motecular forces of attraction on :h-

cocfficient of viscosity of a liquid, and

explain the principles involved in the measurement of the coefficient of viscastr, <.

a liguid,

17
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operties of Liquids and B :
rermochemistry .

Coefficient of viscosity is

represented by the Greek letter g .

(eta).

Glyeerol

Parallel concentric cylindrical
layers: cylindrical layers of liquids
which have common central axis as
shown in Fig. 5.1(a).

52 VISCOSITY.OF:LIQUIDS * .

quu:ds, in ‘peneral, have an mherent tendency to ﬂow Bul tlns tendcncy to Elow is-
not always the same for all llqmds. It is'a common. cxpenence (hat water [lows morc

. easily than honcy. Thereforc, ‘water is said 10 have lower ﬂ.uld'ity On the other

hand, honey is said to have lower fluidity. Those liquids which "have lower- flmd;ty
are said-to be viscous. “The examples being honey, caster oit and gtycemL The
wscosuy, therefore, measures the resistance of & liquid to (low, wh[le the ﬂnldlty
measures the ease with which-a liqoid can llurw “The two quanunes, the \nscosnty
and lhc fluidity, are essenually rccaproml 1o each other. Thus wc can say that -

3= 3 ,where 7 is the cocﬂ"clent of wscosny and ¢ is lhe ﬂmdlly

" The viscosity is very much influenced by the shape, size and the chenuml nature of

the liquid molecules. The greater (ke size of the molccules and the higher the
molar mass, the higher will be the viscosity because the greater will be the
intermolecular interactions. The hydrogen bonds also enhance the coefficient of
viscosity to a large extent. It is, indeed, the presence of a network of hydrogen
bonds which accounts for the very Ingh viscosity of glycerol Incndemally, the larger
:thc number of hydroxyl groups in a molecule, the more complex will be the network
"of hydrogen bonds and the greater will be the resisiance of a liquid to flow. In long
chain hydrocarbons or polymeric compounds the viscosity increases with the increase
in the length of the molecular chain. Due to this reason, heavy hydracarbon oil and
grease (whlch are used as lubricanis) have fairly high viscosity values. Similar to the
surface tension, you would expect the viscosity.to decrease with the increase in
lemperature. This is due 10 the decrease in intermolecular forces of attraction with

increase in temperature. At higher temperature, the number of hy:hogcn bonds in a

liquid also diminishes and the viscosity is expectcd to decrease,

5.2.1 The Coefficient of Viscosity

To definé the coefficient of viscosity, let us consider a liquid flowing through a
parrow circular tube. The flowing liquid,can be viewed as being oompos;éd of
parallel concentric cylindrical layers, See Fig. 5.1(a). It is assumed that the layer of
liquid in contact of the wall is stationary and cach successive layer starling [rom the
wall 1owards the centre, moves fasier than the previous one. In other words, the
velocily increases 10 a maximum at the middle of the tube, Such a flow in which
one layer slides smoothly relative to another, with regular gradation of velocity is
called laminar flow and is shown ir Fig. 5.1. (). '

.——

r _\
N

Common central axis =

.1,‘-:.:-;.,_
L

@

Fig. 5.1: (a) Parallel conceniric quindrl-ml Inyers (b)Y Laminer Flow,

For such flow, if, at a given temperature dv (m s'l) is the velocity difference
between two successive layers each of arca A(mz) which are at a distance dx (m),
then the net resisting force F operating between two successive layers will be
dircctly proportionai to the arca 4 and _vi:locity difference dv, and inversely
proportional Lo the distance dx, such that
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" or R L
. dv o
.2 (5.1

& . - R .'()
. ‘where, 5 is thcproporuoaahty constant and is also mllcd the coefficient of wsoosu}'
- of the hqmd at the given lcmpcralure. Thercfore, from Egq. 5 1 we can write

- (5 2)

7= S dv
M
IfA is 1 aqd_%’ﬁis’;l, theny = F -
" Thus, the coefficient of viscosity of a 'iiquid, n,ata given temperature may be defined
as,-thie force per unit area required to maintain a unit difference of velocity
_between two- parallel layers at unit dlstance apart. This is also-obvious from the

Eq. 5.2 For convenience, at limes; the coefficient ofmmsny is often callod the viscosity B

.of hqulds Havmg deﬁned the me[ﬁment of viscasity, let-us now study its units.

5.2.2 Units '
1n SI system, from Bq. 5.2, we can say that

Unitof n=—3mOF N ___nNm2s
. . - dv 2, el
* Unit of (A—-) m 5
de/- i
Since N m = Pa (Pascal, unil of pressurc)
‘= Pa s

In c:gs. system, the unit of coefficient of viscosity is poise. A liquid has a cocflicicnt of
viscosity of ope poiseif a force of 1 dync (1 gcms 2) is required to move a plane of T
cm®at a veloctty of 1 em s™! with respedt 10 2 plane 1 cm away and pamllel with it

Umlofr; _ Unit odeV

Umlof ( dr)
o dyne
o

_goms™

cm?s?
=gem s

"= poise
In other words, 1 poise = 1 g cm g7l
~If you are interested in knowing the conversion from c.zs. to SI units, go lhrough
the rollomng steps:

ITpoise=1gem st

1(10*3 kg) (107% m)~ 577
1073 kg x 102 m!s7!
10'_'1 kg m 57

_ =107  Pas
Hence, 10 poise =-1 Pa. 5

At this stage, it wilt be beneficial for you to answer the SAQ given below:

Il

SAQ L
0 How are the viseosity and the fluidity of a liquid relaled to each other?

" - Viscosity pl Liquids

%is t.:n].lcd he velodty gﬁd_ic._nt. -
ms!
m

e

Unit of

IN=1kgms?
Henee,1Pas=1Nm?s

.= 1.(kgnis'z)m‘zs

=1 kg m" 5!

A liquid has a viscosilr of

I Pasif a force of

IN is required 1o move a plane
of 1 m? at a velacity of 1 m s
with respect 1o a plane surface

1 m away and parallel with it
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Properies of Liquids and
Thermochemistry

ii)  What docs the viscosity of a liquid measure?

iii)  Fill in the blanks with correct words.
Liquids having high . . ... ....... ... ... .. aresaidio have . ... ... oL L
............... viscosity and the liquids with-the-high. .. .............
........ aresaid tohavelow .....................

Let us now study the effect of temperature on viscosity.

5.3 EFFECT OF TEMPERATURE

In liquids, as the temperature rises, the Kinetic energy of the molecules increases
and the intermolecular forces of attraction become weak,'resulling in the
subsequent decrease in the viscosity. The value-of the coefficient of viscosity
appreciably drops ns the temperature of liquid increases such that for each degree
rise in lemperature there is about two percent decrease in the viscosity. The
viscosily and temperature are related (o each other by the following expression:

log 7 = % +B . (53)
where A and B are constants for a given liquid and T is the absoluie temperature.

The plot of log 7 aéainst therefore, gives a siraight line, demonstrating the

1
T!
fact that the viscosity of a liguid rapidly decreases with the rise in lemperature,
sce Fig. 5.2, (a). '

On the otker hand; if we plot a graph bebween coelfictent of viscosily and
temperature, we get a curve as shown in Fig. 5.2 (b) 1

16
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Fig. 5.2 : Temperature dependence of viscoslly of waler.

The viscosities of some liquids are shown in Table S.1:

Talle 5.1 : Ceelficient of Viscosily of different substances

Substance Temperature °C Cocllicient ol Viscosily
(q;‘IO'J Pa s}
Acelic acid 20 1.314
Acclone 20 0.337
Chlaroform 15 0.5%6
Methanol 25 0.544
Mureury 20 1.552
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Now answer the following SAQ.
SAQ 2 '
Fill in the blanks with correct words.

i) Withthe ... .. EEEEEE in temperature, Lhe viscosity of a liquid .. ... ...

iy The viscosity of those liquids which have hydrogen bonds in their molecular
struclure, generally ... .. ..., 0. ... withthe.. ... .......... in
lcmperature. '

tii)  The plot of log i against /T givesa.............

5.4 MEASUREMENT OF THE COEFFICIENT OF VISCOSITY

The coefficient of viscosity of quuidé is generally. determined by using the followin g
two methods: . '

i) " Ostwald Viscometer technique
" ii) - Falling Sphere Technique

We will discuss here the principles involved in the first method because in the
laboratory, you will be measuring the coefficient of viscosity by this technique.

541 Ostwald Viscometer Technique

For the measurement of coefficient of viscosity of liquids i].aving a laminar or
streamlined flow, Poiseuille derived an expression, known as Polseullle’s equation.
This expression is given below. ' ' '

4

__J'I.'Erf
7

e (5.4)
\;here n = coefficient of viscosity of lhe_lfquid

V = volume of the liquid flowing out of the lube

t = time in which the volume V¥ flows

r = radius of the tube

= lc'ngth of the tube

P = driving préssure necessary to maintain uniform rate of flow of volume
V, of the liquid.

This involves the use of Ostwald Viscometer in which a fixed volume of a liquid is
allowed to fall under its own weight or the foree of gmﬁly, and the time required
for a given volume of the liquid to flow is noted. Obviously the driving pressure p is
replaced by h.d.g, where 4 is the height of the liquid and 4 is its densily and g is the

acceleration due to gravity. Therefore, -

p=nhdg
. Substituting i.d g. for p in Poiseuille’s Equation {Eq. 5.4), we get,

. 4 -
q:M . (5-5)

Visoonity of Liquids

The Dow of liquid through a pipe or
tube of radius r, is ascu:_intcd with
Reynolds Number (R) which is
given by the following expression,
2rvd

a

R=

where v is the average velocity of
the liguid, d is the density and 77 is
the coefficient of viscosity, If the
valuc of R is less thap 2100, the
flow of liguid is said to be laminar
or streamlined, and il R is greater
than 4000, the Now is Zermed as
turbulent

The relationship, p = ndg can be
derived as lollows:

_ Force

Area

_, [Dass X acceleratinndue to gravity
Area

= Mg (crossscctional area of 3
eylindrical layer is

Vdg (since mass = volume
ar % density)

=x.rz.h.af-.g_
=t

=h-.d.g
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Properties of Liguids and
Thermochemisiry

During the flow of the liquid, as the
height (k) (level) of the liquid
changes, there is a change in the
pressure difference (p). But, fer
every posilion of the meniscus, p is
proportional to density {d).

Thus, P 'dl
and prxdy
or | —ﬂ

Py 4

As a result of the change in driving
pressure {p) the rate of Mlow of 1he
liguid also changes all the time the
flow is taking place. The rate of
Mow, i.e., the Yolume of liquid
Nowing per sccond (V) is inversely
proportional to time. Thus, for the
liquids, 1 and 2, we can say that

a_n
Yoo

[

If equal volumes of the two iiqui‘_ds (1and 2) -E@re allowed 1o fzll through the same
capillary tube under identical conditions of temperature and pressure then, from
Eq. 5.5 by comparison, we have ' '

m_di-y
O (5.6)

where 7y, d; and 1, are, respectively, the coefficient of viscosity, density and time of
flow for the liquid 1 under examination and 72, dz and £, the corresponding values
for the reference liquid (liquid 2). Thus, by knowing 7, d; t,and dyand ¢, the
coefficient of viscosity of first liquid, 77; could be determined.

Let us now study aboul the experiment which you will be performing.

5.5 EXPERIMENT 2: DETERMINATION OF THE
COEFFICIENT OF VISCOSITY OF 30% CANE SUGAR
SOLUTION BY OSTWALD VISCOMETER

5.5.1 Principle

In this experiment, you will make use of the Ostwald viscometer. This is usually
employed in the laboratory for the determination of the coefficient of viscosity of
liquids. Ostwaid viscometer is a simple apparatus and is shown in Fig. 5.2. It
consists of a bulb A, with a mark (X) above and as mark (Y) below, attached 10 a
capillary tube B and a storage bulb C.

'Fig. 5.3: Ostwald Viscometer. )

A definite volume of a liquid say, 10 m! is introduced into bulb C. The liquid is
then sucked into the bulb A through a rubber tube attached 10 the end, D. The
liquid is allowed to flow freely from the mark X to the mark ¥. Then the time ¢ -is
obscrved for this flow of liquid. This method is very successful for comparing the
viscosity coefficients of two or more liquids of liquid sotutions,

In Ostwald viscometer, when a liquid is allowed 1o flow th rough the capillary under
the influence of gravity, then the instant driving. pressure is equal 10 A.d.g; where h
is the difference in heights betlween the levels of the liquid in the two arms, which is
conslant for 2 particular set of the observations and g, acceleration due to gravily, is
also constant. Obviously, the driving pressure is direclly proportional 1o the density,
d, of the liguid. :

T =——==ar




Since the same capillary is eniployed, and the same volume V of the liquid flows
through it in' each case, the values of 7, /, V' become all constant. Therefore, the
Eq. 5.5 when applied 16 two l:qmds can be written as:

n_dis
qo_dofo

‘ where, the subscripts, 1 and 0, denote the unknown and the reference ligquids.
Thus, if we divide the viscosity of the unknown liquid {771) with thé viscosity of the
reference Ilquld Jo (5ay water), we can get the relatwe viscosity of the second liquid
with respect to that of water. :

R . 7 _dy!
Hence, the relative vnsoosuy of second liquid =1, = r;_; = -fﬂ;—'f;

To get the absolute viscosity of the liquid, multiply this relative viscosity by the
absolute viscosity of the reference liquid. Thus, for absolute viscosity, the
expression will be

_TediYy

Now, answer the [ollowing SAQ 10 check your understandmg of the above
discussion. .

SAQ3

i) Name the two methods which can be used for the me:xui Ciient w Lhie
coefficient of viscosity of liquids,

i) The vertical flow of a liguid tirough a caplllary is proportional 10
the .. .. .o L. of the liquid.

5.5.2 Requirements

Ostwald Viscometer (small)
Stop watch

Thermostat

Specific gravity bottle

10 cm? pippete

Distilled water

30% Cane sugar solution 50 to 100 cm®
Rubber tubing small piece
Thermometer (110°C) _ 1

T T R

5.5.3 Procedure

Before use, the Ostwald Viscometer should be first cleaned with chromic acid
solution (K,Cr70; + Conc . H,S0,), and then with distilted water (twice), alcohol
or acelone, respectively. Finally, it should be dried by passing the current of dust
ree air. Make sure that the capiliary of the viscometer does not contain any dust
Jarticle or greasy material inside 10 pose any obsiniction to the flowing liquid.

\Jow introduce a definite volume of the 30% cane sugar solulion {10 cm ) into the
»ulb C, and suck the iiquid up into the bulb A with the help of the rubber, tube
tttached to the end D somewhere above the mark X. Make sure there is no air
yubble inside the liquid. Now, allow the liquid to flow fréely through the capillary

Viscosity of Liquids
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Properties of Liquids and -

Thermochemistry
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5

upto the-mark X. Start a stop watch and note the time-f; for the flow of the liquid
from mark X to mark Y. Repeat this process twice or thrice by sucking the liquid
into the bulb A upto the mark X and noting the time #; for the flow of the liquid
from mark X to mark Y. These values should be concordant. Fill the liquid again
and repeat the same for second filling.

Remove the first liquid and clean and dry the viscometer again. Repeat the
experiment by taking an exactly the same volume of water in bulb C and note the
values of time, 7, taken for water 1o f{low from mark X to mark Y. Suck the water
up, twice or thrice to obtain other values of £, as done above. Repeat the same [or
second filling. Determine the density of the cane sugar solulion with the help of

specific gravity boitle. This can be done by taking a definite volume of liquid (say, 5 ‘

cma) in the specific gravity bottle and determining its mass. Also note down the
temperature at which the experiment was performed. ° '

Do not forget to observe the following precautions while doing the experiment;

Precautions

1§ The volume of the liquids 1aken in bulb C should be so much that when
sucked up to mark X, it should fill the bulb A and a little should still remain
in the bulb C.

2)  The viscometer should be held in a vertical posilion during the flow of the
liquids.

3)  While sucking the liquids, no air bubble should be férmed inside the
capillary tube.

You can record your observations in the following mapner.

5.5.4 Observations

'];'émperalure of measurement = ... = 1°C

Densily of water at £ °C = vvveveeeverrecvsnneeeen =dy (see from reference tables in the
appendix) .

Viscosity of water at £ °C= v = 79 (see from Table 5.2)

Table 5.2 : Coelficient of viscosity of water at different temperatures

Temperatare °C Cosfficlent of Viscoslty ((7/107>Pas )
1.7702
1.5108
10 13039
15 11314
20 1.0019
21 09764
22 0.9532
n ' 0.9310
2 - 0.9100
25 08903
2% - 08703
27 (.8512
28 ' 0R328
29 0.8145
contd....

=
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0 ) 0.7973
35 1 07190
40 A ' 0.6526
45 05972
50 ' 0.5468
55 0.5042
60 0.4669
65 0.4341
70 T 0.4050
100 ' 02840
Table 5.3
Liguid Time of flow
First Filling Second Filling
30% Cane £ Y O P
sugar solution | (ii) ........ (i) --...0nn Average i;=....§
' [11) JP (1T P
Average f)j=..... Averageny=......
Water () J T () eevnenen-
@ ........ @ ... ... Average fy=. .. s
{iiiy.......- iy . ...---.
Average fy=..... Averageipg=.....
Weight of empty specific gravity boille =.....-. =w; B
Weight of bottle + 30% cane sugar solution =i =wyg
Weight of boitle + Same volume of water = oiiuaea-a =wag

5.5.5 Calculations

Density of 30% cane sugar solution =d,=———Xd
o : m_d1-4
Relative viscosity of 30% cane supar solution =—=
’J'o du . fo
. : 70-4y -1
Absolute viscosily of 30% canc sugar solution, 7,5,y = BT
. 0-'o
5.5.6 Result
The relative viscosily of the given solution is . ... ... . Pas
‘The absolute viscosity of the given solutionis .. ...... Pas

Similarly, you can determin¢ the coefficient of viscosily for various solutions such
as thal of NaCl or copper sulphate provided to you.

Viscosity of Liquids
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5.6 ANSWERS

Sell Assessment Questions -

i " i)

ii) :

iii)

iv)

26

Théy are reciprocal 1o each other.

Viscosily of a liquid measures its. resistance to flow.

Fluidity, low, visoosil-y, Muidity |

" Poise, Pas
, Risé, decrease:

Decreascs, increusésfrise |

Slraighl-l_i'nc- i
Ostwald technique, Falling sphere tectinique

Density
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UNIT 6 THERMOCHEMISTRY .
" Structure -
6.1 Tntrodﬁclli_on
’ Objectives
6.2 _‘ _Sbm; Fqnda_menlai ConI:t-'.pts-
63  The First Law of Thermodynamics -
6.4 Tl;c_Enthalpy of a Reaction
6.5 'Dctermjn_alion-of the Eniila!py of Solution

Experiment 3.: Determination of the Heat Capzic:’ily of the Calorimeter
Heat Exchange Method : :

- Principle '
‘Requircmégils

" Procedure
Observations

" Calculations
Result

Experiment 4 : Determination-of the Integral Enthalpy of Solution of
Ammonium Chloride '

Principle

Requirements

"Procedure

Observations

Calculations

Result

6.6 Answers

6.1 INTRODUCTION

in Units 4 and 5 of this block, you studied about the measurement of surface
tension and viscosity. In this unit and in the next unit. i.e., Unit 7, you will study
about the heat changes associated with chemical reactions. Chemical reactions are
accompanied-by either the absorption or the evolution of heat. The study of heat
absorbed or evelved in a chemical reaction is called thermochemistry. In this unit,
we will be dealing with the determination of heat of solution.

We will be [irst explaining some fundamental concepts of thermodynamics because
this kind of study may be new to you. Alter that we shall discuss the actual
determination of heat of solution.

Objectives
Alfter studying this unit and having the experiments performcd, you should be able to:

® siate the first law of thermodynamics,
define the enthalpy of a reaction,
explain the integral and differential enthalpies of solution,

explain how 10 determine the heat capacity of a calorimeter, and

describe the delermination of integral heat of solution of a given solute.
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Properties of Liquids and
Thermachemistry

A reaction in an open beaker is an

=amplc of an open system as both

malter and energy Iransactions arc
- possible with the surroundings.

A reaction in a closed flask is an
example of & closed system becuse
the exchange of matier is not allowed
wilh the surroundings. In this syslem
only cnergy transaciions with the
surroundings are allowed.,

A reaction inside a elosed thermos
flask is an cxample of an isolated
system. Both matter and energy
transaclions with the surroundings
are not allowed.

A phasc is defined as a region of
uniformity in a system,

28

6.2 SOME FUNDAMENTAL CONCEPTS

1

Let us first understand some of the concepts and terms which are often used in
thermochemical siudies. ’

Systems and Surroundings .

A system is any part of the universe which is under study and is separated from the
rest of the universe by a boundary. The rest of the universe is considered as the
surroundings for that system. Further, a sysiem can be homogeneous,
heterogeneous, open, closed or isolated as explained below.

A system issaid to be homogeneous or having a single phase, if the physical
properties and chemical composition are identical throughout the system.

On the other hand, a heterogeneous system has two or more phases which are
separated by boundaries..

An open system is a system which allows the exchange of both matter and cnergy
with jts surroundings. A closed system only allows the exchange of energy with the
surroundings and not 1hat of matter. An isolated system is (the one which exchanges
neither encrgy nor matter with its surroundings.

State and State Variables

A sysiem s said (o be in a definite state when each of its properties such as
pressure, volume, lcmpéralufc, composition, densily etc. have definite vaiues. These
properties arc also called state or thermodynamic variables. 11 is important here 10
note that a siate variable is indepeadent of the way the siate has been reached,

Extensive and Intensive Variables

A property is said 10 be extensive if it is dependent on the amount of the substance,
¢.g., volume, mass etc. On the other hand, properties such as lemperature and
pressurc which do not depend on the amounlt of a substance are called intensive
variables.

Having undersiood the above terms, let us also suidy the first Law of
Thermodynamics because the experiments which you will be performing in this unit
and next unit arc based on it.

e g b =7 ey {1 ]

6.3 THE FIRST LAW OF THERMODYNAMICS
1hE

The first law of lhcrmodynamicé dcals with the conservation of energy. 11 says thai
the energy can neither be created nor be destroyed but it can be changed from one
form to another. Thus, if a system is left undisturbed, its energy will not change.

The internal energy, U, of a system is the total cnergy of the atoms and molecules
which. constitute the system. It is a statc variable and is an extensive property. Since
it is a sfatc variable, the change in intcrnal cnergy (AU) depends only on the initial
and final states and not on the way how the system has changed from one slate 10
another.

The intermal energy of a system can be changed by two agencies, viz., heat () and
work (w). By convention, when heat is absorbed by the syslem, Lhe heal change (dg)
is said to be positive leading to an increase in the internaj encrgy of Lhe system.
Also, the loss of heat from the system indicates a negative dg and a decrease in
internal energy of the system. '
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iimilarly, if the work (dw) is done on the system, it is said to be posltive because it Thermochemistrg
ncreases the internal energy of the system. When work is done by the system, dw is
aid to be negative because il is done at the cost of its internal energy Jeading 10 a
lecrease in the internal energy of the system. Thus, the change in the internal
:nergy of a system (dU), when it absorbs dg amount of heat and a work dw is done
n it, can be given as, _
dU = dg + dw (for infinitesimal changes) .. (6.1)
“or larger changes, we can say,

U=qg + W

-et us now focus our r attention on anothcr property associated with a systcm, called
he enthalpy. In the-later sections of this unit, you will be studying about the

letermination of 1he change in enthalpy associated with the dlSSOlUllOI‘I ol a solule

nro a solvenl 10 give a solution.

. (62)

5.4 THE ENTHALPY OF A REACTION

When a chemical reaction takes place in a system, gencrally, its temperature after
he reaction (T5) is different from the temperature before the reaction (7). Let us
:onsider the following general reaction:

R > P

T, 75 .. (6.3)

T'o restore the system 10 its initial temperature (7,), heat must Mow either
o or from the surroundings. If the sysiem is hotter after the reaction than before
‘T, >T;), heat must flow to the surroundings (o restore the system to its initial )
emperature {7}). In this case, the reaction is called exothermic and by convention
low of heat is negative (g is -ve). If the systers {5 Colder afier the reaciion (75, <Ty),
1cal mus! flow from the surroundings to restore the system Lo its initial state of
emperature. This reaction is endothermic and flow of heat is positive (§ = +ve).

The chemical reactions are performed under the conditions of constant volume or
:onstant pressure. If no work is donre on or by the system, then from Eq. 6.2 heat
ransfer at constant volume is cqual to the change of internal energy, AU. Similarly,
1eat transler at constant pressure is identified as the change of enthalpy, AH. Thus,

ve can wrile,

Re—3> P g, = AU ... (64)
TV TV _
R— > P gp = AH ... (65)
T.»p ‘Tz-P -

'n the general laboratory conditions, the chemical reaclions are carried out at
‘onstant pressure. When g, is the heat absorbed by the sysicm and pdv is the work
lonc by it, then according 10 Eq. 6.2 the change in internal energy can be written as

ollows :

AU = ¢, + (-pdV) _ (6.6)
vhere g is the heat absorbed at constant pressure and —pdV is the amount of work
lone,

.ct U, he the final internal energy and U7, the initial internal encrgy; also let V; be
he final volume and ¥, the initial volume. Then Eq. 6.6 can be written as

Upy-Up =45-pV-V))

= q, - pVatpV,
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Prapertics of Liguids and
Thermochemisicy

Work could be of various
varicties: mechanical,
valume-expansion,

compression, surface increase,

clectrical, gravitational clc.

: Rca[rangmg, wc gcl
= (Uz’*‘PVﬂ (Ul "'PVl) . L6 :

At this stage we.can reprmem U + Pbe H. lhc emhalpy We can rewnlc ]-_'-‘,q 6 7 as -

_qHH__A'H' 6.8
. 2_1‘ T - (6.8)

Since U, P and V are staté variables; H is also 4 state variable. Thus, by Eq. 6.8,
we are able to express heat absorbed (which is not.a state variable}as a

~ difference of enthaipy whlch is a s1ate variable, Thus, the heat changc (‘Ip) can

be taken as the change ir cn(halpy (AH) prowdcd tlie only work done IS prcssure

_volumc work.

' The heal ot'a rcal:uon or more preclsely, the enthalpy ol‘a reactmn (AHr) is the
“enthalpy change in the lransl'ormauon of reaclanls ata “certain lcmperalurc 1)

and pl:essure @) o producls at- lhe same mmal tcmperalure (Tl) and pressure

@) -

N TP ' S
When heat is suppliéd 1o a sysiem, its lemperature rises. If dg is the amount of
heat absorbed by the sysiem and 4T is the increase in temperature, then the !

'qQuantily of heat required to raise the temperature by-1°C is called the heat

capacity. The symbol for hcat capacuy is C and i1 can be cxprcsscd by thc
following relation : : .
_ dg | 0
| C 4T Lo (6.10)
When, the votume of the systemis constant, héat capacity is denoted by C,. On Lhe.
other hand, when the - pressure of the system is kepl constant, hcat capacity is
rcprcscn ted as Cp

-From ). 6.8, you know that hcat absorbed at consiant pressure is equal to change
yo P «q

in enthaipy. Then, substituting dg in Eq. 6.10 by AH, we gel,

AH )
CP:d_T‘ or AH = CpdT _ - (611)
Having understood the above concepts, you can now proceed (o the mext scction

which explains the determination of enthaipy of solution.
s .

65 DETERMINATION OF THE ENTHALPY OF
SOLUTION -

Let-us first understand what do we mean by enthalpy of solution. The dissolution of
a solute in a solvent is often accompanicd by cither evolution or absorption of heat.
The amount of heat evolved or absorbed depends on the nature of the solute and
the solvent and also on the composition of the solution. Thus, the enthalpy change
accompanying the complete dissolution of one mole of solute in a definite amount
of the solvent 10 give a solution of a specified concentration is’known as the
integral enthalpy (or heat) of solution. For example, the dissolution of one role of
ammonium chloride in 100 moles of water is represented-by the fotlowing reaclion

wilh AH; as the enthalpy of solution:

NH,Cl + 100 Hy0 ——> NH,CI- 100 H;0 * AH, ... (6.12)
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. . : - Thermochemist
he mtegral enthalpy ot’ solunon is found’ to be dcpcndent- upon lhc amoum ermachemiiry
the solvenl added- for example, lhc addmon of 200 moles -of wa‘ler to the-
me 1 mule of ammomum chiondc wlll yneid a d:ffcrent enthalpy ol‘ soluuon,

_HZ'._ S T

S _NH};Ci + ‘20{)’ Hzo,l_.—;» .-NH;t_:i'.zUOHZQ_‘; AHy U LL(613)

has also bc{.n obscrvcd that the mlcgral enlhnlpy of soluuon approachm a o
mnmg value when more aud more solvent is used. The dlﬂ'c[encc ol’ the abovc

juations can be wnllen as follows
'NH4CI-100H20 '+' 100H20 m NH4CI-200H20 L. (614

he enthalpy changa in Lthe above reaction (E‘.q 6. 14) is lcrmcd as the enthalpy or
cat of dilution. The enlhalpy of dilution depends upon original concenlrauon of .
\e solution and on the amount of the solvent addu] !

1addition to the integral enlhalpy of solution, we can definc another type of _
nthalpy, called the differential enthalpy of solution. This is defined as the

nthalpy change when 1 mol of soluic is dissolved in a sufficiently large volume
f a solution of concentration, ¢, so thal the final concentration remains almost

nchanged.

. special case of enthalpy of solulion is the enthalpy change which occurs when a
afficiently large amount of solvent is-used so that further dilution does not
ield any heat changes. This is called the enthalpy of solution at infinite

ilution.

‘o determine the enthalpy changes associated with reactions, we use the following

rinciple of calorimetry.

leat lost by one pan of the system = Heat gained by Lhe other part of the system

Jsing this prlnc1plc you wili be performing thermochemical cxperiments by usmg
n isolated system (such as a calorimeter kept in a thermos flask.)

‘he experimental determination of the inicgral enthalpy of solution involves the
icasuremenlt of ris¢ or fall in temperature during the reaction {or the process)
sing a conlainer called calorimeter as mentioned above. A calorimeter, when kepl
12 thermos (lask is insulated from oulside so that no hcal is lost 1o or gained from

1¢ surroundings.

‘he calorimeter could be made of stainless steel or copper plated with gold, For
108t practical purposes, glass beakers are used as calorimeters. In casc of glass
alorimeters, due 1o the poor thermal conductivity of glass, heat capacity actually
arics with the area of the plass in contact wilth Lhe liquid content. It is, therefore,
ssential to calibrate the calorimeter with the volume of water thal is 1o be uscd in

ubsequent experiments.

‘he following two methods are generaily adopled for determining the heat capacity
f the calorimeter: (1) Dilution method, (2) Heat exchange method. Here, we will
iscuss the sccond method in detail because you will be actually using this for
xperimental delcemination. ‘
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Properties of Liguids and
Thermaochemistry

Specilic heal(s) is the heat
required Lo misc the
lemperature of 1g (1001 kg) of 2
substance through 1°C.

FFor a calonimeter, the product ot
the 1wo quantilics, Viz. the muss

‘and its specific heat (o X 5 is

also known as ils water
ceuivalent, 1

6.5.1 EXPERiMENT 3 : DETERMINATION OF THE
HEAT CAPACITY OF A CALORIMETER

lleat Exchange Method

In this method, a definile volume, V, of the cold water is 1aken in the calorimeter.
To this, the same volume of hot water is mixed. The temperatures of the cold water
T.), hot water (T,) and the mixture (T,) are noted. In this case, the heat will be
lost by hot waler which will be gaincd by both the cold water and the calorimeter.
According to the principle of calorimetry,

Heat gained by (cold waler + calorimeler) = Heal lost by hot water,

ic., - .
Enthaipy change for {(cold water + calorimeter) = Enthalpy change _l‘or hot water.

' From Eq. 6.11, the heat or the ¢nthalpy change is eélual to C,.dT. Substituting this

formula for the individual components inlo the above equation, we get the
following cxpression:

[Cp'(cnld water) + C, (calorimelcr)] [Tm - Tc] = C, (hot water) [Th - Tm]

. {6.15)
The left hand side of Eq. 6.15 is obtained from Eq. 6.11 using Llie fact thal the
lemperaturc change (dT = T,~7,) is the same both for the calorimeter and the
cold water. In order 10 use Eq. 6.15, for the determination of heat-capacity of the

calorimeler we shall sce yet another definition for the term heat capacity. The heat
capacity ol a substance is equal to the product of ils mass and specific heal.

Heat capacity of a substance=mass X specific heal

We use this I'L]dllU[lShlp only to denote €, (cold water) and Cp (hot water) but not
for €, (calorimeter). 1t is our-aim to find oul <o (m!onmelcr) by performing this
oqn.nmcnl ! Using this relation, the above cqual:on can be modified as:

I:m x s (coldwater) + G, (calorimc!cr)] [Tm - Tc] = [mxs (hot Wa‘“)] [Th = Tm]
' . (6.16)

We assume that, .

- -5 (cold waer) = s (hot waler) = s(say)
[n other words, specific heat of water is taken to be a conslant irrespective of the
lemperature.

Hence, Eq. 6.16 becomes,

[(ms +C (Lalnrlmclcr)] [ - T] =ms (Ty — Ty ce (6.17)
R - (Th— T
e -+ CI" (calorimeter) = ms ﬁ
T
. Cp (aalorimeter) = ms (lTh m)) — s
T,-T,)- g o
= Ry (h—"]l—l . (0.18)
(Tm =710

We shall now discuss the values of m and 5 individually.
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Thermochemist,
Valae of m . i

We know thal mass of a substance = volume x density. The density of water is You can undersiand the umnit
L kg dm™. You w1|I be measuring the volume in em® units. But you should express conversion for deasity of water as

‘h¢ volume in dm> units for compatibility ol' units. follows :
tgem™ = 1107 kg)(10™ dm)™
Note that, gcm \ £)( m)
=1 %107 kg % 10°de ™
. 3 .
. . volume in cm” units - -3
Volumein dm® units = > _ 1kg dm
10 ln other words, the magnitude of
. density is same in both the unils
Since the volumes of cold water and hol water are equal, we can say that cxpressed above.
- Volume of cold water = Volume of hot waler = ¥em®
v l1em = 10" dm
=— dm’ - s 0 s
10° (1 em)® = (107" dix)
Hence, mass of cold water (7)) =10 dm?
= ass of hoi water (1) .
= Volume x density Note that the value of density d,,
. ) is to be used as given in the table
=Y am® xd, kgdm> t  in Appendix of this Block.
10° ) Magnitude wise the densily is
) v ‘ - same both in g em™ and kg dm™
i.c., m o =— a' kg .. (6.19) units.

10*

Note that now you have got mass in terms of volume you are measuring
cxperimentally. You simply substitulc the magnitude of volume you measure in the

place of ¥ above. Mass so obtained is in kg units.

Vatue of 5
Th(. $1 units ofspec;fu h(.al are J K kg™ The specnﬁc heat of water in SI units is
4.185 x 10°1 K kg™,

= 4.185 x 1031 K kgt . (6.20)
Substituting Eas. 6.19 and 6.20 in Eq. 6.18, we get,
V.d, T,.—T
Cy ‘(calorimeter) = —-- -~ kg x LI185 X ot it kgul |-'—h*'-——"1 -1
i le -7,
) ' I'T — ?.m b I
C, (calorimeter), = 185K d,, |———— -1 JK ... {6.21)
) LTm - T

Having measured the volume in cm” units, you substitutc it as such in Eq. 6.21
without attempling any unit LOI]VCISIOI'I By substituting the values of Ty, T, and
T, . you will get the value of Cin J K~! units.

Requirements
Chemicals

Apparatus
Only water is needed

Thermos [lask — 1
Glass Stirrer - I
Thernmometer -=110°C (1/10°C) —_ !
Stop watch or stop clock ) — \
Beaker 2507400 cm” - 2
Mcasuring cylinder 100 em’ — 1

Procedure

T‘ake a thermos ftask with a 1id having two holes. Through one ol lhcse holes insert
the thermometer and lhroubh the other insert the stirrer. Take 100 cm® of distilled

water into a 250/400 cm” beaker. Kecep this beaker in the thermos flask. Note down 33
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Propertics of Liquids and
Thermochemisiry

Temperaturc-time euives are also
known as cooling curves.

Ilow fo plot temperature-time curve
Take a graph paper. Draw with »
pencil, X and Y axes. Represent
temperaturc on Y axis and Time on
X axis. Put points corresponding Lo
lemperature recorded for the cold
valer with respect to time. Suppose
you have recorded (he temperature
for cold water for 4 minutes. Then
da similarly for the hor water (i.c.,
Plot the temperature recorded for
hot water for another 4 minutes). At
the time when hot water is mixed

with cold waler (i.c., at 8% minutes),

draw a line as mixing line, Start
plotting liie temperature of the
mixture from next reading of lime:
(ie, a9 minules). Extrapotate the
thtree lings and gey T Tyand T as
shown in Fig.6.1.

the temperature of water after every half a minute for about 4 minutes. Take
100 cm®-of water in another beaker and increase its temperature by 20 degrees
more than the room temperature. Remove the burner and note down the

lemperature at an interval of half 2 minute for another 4 minutes,
pour this hot water into the calorimeter,

temperature after cvciy half minute for about 4 minutes,

Then quickly - -
stir the contents and note down the

Plot the temperature-time curves for the cold water, hot water and the mixture on a
graph paper. You will get curves similar to those shown in Fig. 6.1. Calculate the
temperature of the cold water (7,), hot waler (7},) and the mixture (T,,) at the time
of mixing from the graph. Then find out the heat capacily of the calorimeter by
.substituting the above values in Eq. 6.21. ‘

Repeat the experiment 10 get reproducible results.

Observations

SET I

Volume of cold water, V
Volume of hot water, IV =

Temperature/oC ——s

Cold water

<

M 1 A 1

Toh

L LY
L1 Y 2
Nup

+
a

85w ro

Time/minutes ——»

Flg. 6.1: Temperatare—time corve

=100 em” = 0.1 dm?
100 cm® = 0.1 dm>

Temperature - time data for cold, hol water and the mixture:

Time/s

Temperature”C

Cold Water

Hot Water

Time/s

Temperature/”C
Mixture

T2 Ak,

=

AT

—mTE
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SET1I: " Similar observalions as reported above.

TemperatureC

Temperature/°C
(Mixiure)

Cold Water Hot Water

Time/s

Time/s

.......................................................

You can do the calculations as shown below:

Calculations

" Plot a praph of lemperature versus time for cold water, hot water and for the
mixture on a single graph paper. Find the temperature of cold water (T,), hot
waler (7},) and for the mixture (7,,) from the curves. Pul these values in Eq. 6.21
and caiculate the heat capacity of the calorimeter, Cp. Similarly cailcu_lale Cp with
the help of the data of the second set of observations. Then take the average value
if the results are not very far from each olher; olherwise repeat the experiment.

Report your result as {ollows.
Result :

The heat capacity of the given calorimeter is =. .. .. Jk!
"NAQ L
Explain how the unit of heat capieily is J K!

Having delermined the heat capacity (or the water cquivalent) of the calorimeter,
you can now proceed to the determination of integral enthalpy of solution.

6.5.2 EXPERIMENT 4 : DETERMINATION OF THE
- INTEGRAL ENTHALPY OF SOLUTION OF
AMMONIUM CHLORIDE

Principle

In the laboratory, the integiz! enthalpy of solution is determined by observing the
initial 1cmperature, T, of a known volume of water {if waler is ysed as 1he solvent,
and the final icmperature, 7, of the contents when a known mass ol the solute is
completely dissolved in it. The enthalpy of solution of ammonium chloride can be
cateutated by 1aking into account the heat capacity of the calorimeter in the
foHowing manner.

Thermochemistry
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Properties of Liquids and
Thermochemisty

| molaf NEH (1
=14+4+355= 15352

molar mass of
NM,CI=0.0535 kg

Heat change = [(Heat capacity of the calorimeter+Heal capacity of the products)
X (lemperature change)]
9p = [Cy(P) + C,(OU(T,-T) - ... (6.22)
Where Cp(P).and Cp(©) are the heat capacities of the products and the caiorimeicer,
respectively. The latter can be determined as discussed in Experiment 3. “Fi.« heat
capacity of the products can be calculated presuming the solution 10 be quite dilure.
In other words, considering the heat capacily component of the solute as negligible,
we can assume (hat Cp(P) is cqual to the heat capacity of the water laken, i.e.,

Cp(P) = Mass of water (m,,) x specific heat of water (s)

=m,s _ ... (6.23)

=m, x 418 JK! ... (624)
The enthalpy of solution for onc mole of the solute can thus be calculaled as:

AH50| = qP(ﬂ i . - (625)

where 1 is the amount (number of moles) of the solute addcd, i.c.

mass ol solute/p . _m;
molar mass of solute/gmol 7 M

n= ..mol .. ... (6.26)

Using Eqs. 6.22 10 6.26, we can say,

9p _ M
AH = ?" =[5 + COT, — Ty oy .. (627)

Note that s = 4,185 J K kg~!

Therefore, this A A vaiue is the integral enthalpy of the solution of a solutc ip a
specific mole ratio of the solute 10 the soivent.

The calculation of the mass of ammonium chioride required for preparing a

. - . . - a
solution with a specific solute-solvent mole ratio of 1:100 in 200 cm™ of water can
be done as follows:

100 mol of warer is rcqﬁircd for 1 mol of NH,CI
100 x 0018 kg (18 g) of water is required for (.0535 kg (53.5 g) of NH,C!
Mass of 200 em® of water= 200 £ =0.200 kg -

0.0535 x 0.200

0.200 kg of watcer requires = 0.0059445 kg of NH,CI

1.8
= 5.9445 g of NH,Ci
Requirements
e’
Apparatus Chemicals
Thermos lask — solid Ammoniem Chloride
Glass Stirrer —_ -Wa!cr

1
o1
Thermomeler 110 °C (1/10 ‘Cy — !
Stop watch or siop clock — i
Beaker 250/400 cm® — I
Measuring cylinder 100 ¢m® I
Weighing botile — !

]

Funnel —

Procedure

(1)  Weigh the approprialc mass of ammonium chioride on a glazed paperorina
weighing bottie, i.c.(.0059445 kg (5.9445 ) for 1:100 solute-solvent mole
ratio for 0.200 kg or 200 em® water.
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(4)

()

Take 200 cm® of distilled water (solveni) in a beaker. Use the heaker

(calorimeter) for which the heat capacity has already been determined in the
prc\v'ious experiment. Place it in a thermos flast. Insert the thermometer and
1he stirrer into the holes of the lid. Note down the temperajure of water for

about 4 minutes at an interval of half-a-minute. -

Add ammonium chloride (solﬁle) to the water. Stir the solution well with the
help of the stirrer alrcady placed in the beaker. Note down the time of
mixing and the temperature readings alter every half 2 minute for another 4

minutes.

Repeat the experiment for reproducible resuls.

Plot temperature-time curve on a graph paper and find out the initial and
final temperature from it. Then calculate the enthalpy of solution for this
mass of solute using Eq. 6.22 and consequently the cnthalpy of solution for

the dissolution of one mole of solute using Eq. 6.27.

You can record your observations as shown below:

Thermochemistry

Observations
SET1
Mass of emply weighing bollle my S B
Mass of weighing bottle+NH,4Ci = my = g
Mass of weighing boltile after transferring of sall = 3 =.... 8
Mass of salt translerred (m) = mo—mn =00 8
Volume of water in calorimeter = 14 =....cwd
Mas ter ~ = = fE T
$ ol‘_wa er my, g 1000
Temperature-lime data for pure water and for solution :
Time/s Temperature/~C Time/s Tcmpcml:.!re;' °C
of water of solution
= 5

Time ol mixing

SET I1: Similarly present the data for the sccond set also. .

Mass of empty weighing botlle =n1 .8
Mass of weighing bote+NHCL o =my =.... ¢

Mass of weighing boule afier

transferring of sali =1y .

Mass of sall transferred(m) =n,-ny = . B
Volume of water in calorimeter =V cm?
Mass of water . =, = CE ==
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Properiles of Liquids and
Thermachemisiry

Temperature-time data for pure water and for solution :

‘TemperaturePCol

Temperature/C
Timefs of water Time/s solution
Timeolmixing =....... s
Calculations

LS - ity e

RERESEETIET ) -] g it g oy sy 1

Plot the graph of temperature-time curve or a graph paper and (ind out the value
of 7y, the constant temperature of water and 7, the temperature of the solution at-
the time of mixing. Calculate the enthalpy change for dissolving the specific mass of

in

ammonium chloride in the above mentioned salt-water ratio.

The same procedure is-adopted 1o calculate the value of A H for 1he second set.
Calculate the average value of enthalpy of solution from the (wo sets of values.

Result

The integral enthalpy of solution of ammonium chloride was found to be

e Tmor™

6.8 ANSWERS

.Sell Assessment Question

1 Heat capacity is given by the expression ms.
Thus, the units of heat capacity = kgJ K!kg™!
’ - C=)KL
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UNIT7 DETERMINATION OF ENTHALPY
OF NEUTRALISATION AND
IONISATION

Struecture
7.1 Introduciion
Objectives

7.2 The Enthalpy of Neutralisation _
Experiment 5: Determination of the Enthalpy of Neutralisation of -
Hydrochloric Acid with Sodium Hydroxide
Principle
- Requirements
Procedure
Observalions
Calculations
Resuls
Experiment 6: Determination of the Enthalpies of Neutralisation and -
Ionisation of Acetic Acid
'Prim:iplc
Requirements
Procedure
Observations
Calculations
Resulls
13 Answers

7.1 INTRODUCTION

" In the last unit, you have studied about the determination of the integral enthalpy
of solution. There are other kinds of enthalpies which are named according to the
iype of transformation or reaction they are associaled with. The cxamples of some
such enthalpies include enthalpy of combustion, enthalpy of fusion, enthalpy of
formation, enthalpy of hydration, enthalpy of neutralisation, enthalpy of
ionisation, etc. In this upil, we will be discussing the determination of
{i) 1he enthalpy of neutralisation and
(if) the enthalpy of ionisation, using the enthalpy of neutralisation.

" Objectives
After studying this urit and having the experiments performed, you should be
able to: ’
® define the enthalpy (heat) of neutralisation,
® give reason for the constant vatue of A Hpeu for the neutralisation ol a sirong acid

wilh a sirong base, and
® explain how 1o calculite the enthalpy of jonisation of a weak acid or a weak base
from the enthalpy of its ncutralisation.

7.2 THE ENTHALPY OF NEUTRALISATION

The enthalpy of neutralisation (A, of an acid can be defined as the enthaipy
change associaled with the complete neutralisation of its dilute aqueous solution

39
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Properiics of Liquit.is and
Thermochemistry

i)

containing one mole of H* ions by a dilute aqueous solution of a base containing
one mole’of OH™ ions. Let us consider the example of neutralisation of :
hydrochloric acid with sodium hydroxide. You are aware that hydrochloric acid is a
strong acld and sodjim hydroxide is a simn,g base. This means that both

~ + hydrochloric acid and sodium hydroxide are completely dissociated in aqueous”

solution. Therclore, we can write ‘
o HCI (1) ————  H*(aq) + CI" (aq)

and  NaOH (ag) - ———— Na™(ag) + OH™ (aq)
The neutralisation reaction can be tepresented as '

. HY@g+or (aq) + Na” (aq) + OH" (aq) ——> Na*(ag) + CT (aq) + H,0
or  HCI(aq) + NaOH(aq) ——> NaCl (aq) + H,0

' ' AH ¢\, = -57.3 kI mol™!

Thus, the neutralisation of a strong acid with a strong base can be considered as

the combination or reaction of H+ (aq) ions with dH‘(aq) ions and can be
represented as

H*(aq)* + OH"(aq) ——> H,0
because Na* and CI™ remain uncﬁangeﬂ in the reaction.

In other words, the enthalpy of neutralisation of strong acids and sirong bases is the
cathalpy of formation of 1 mole of water from one mole each of H* and OH ions.

You must then also expect that the enthalpy of neutralisation of the stfong acids
with strong bases 10 be of a constant value irrespective of the strong acid or-the
strong base used.

Let us now focus our attention on the actual determination of the enthalpy of
neutralisation.

7.2.1 EXPERIMENT 5 2 DETERMINATION OF THE
ENTHALPY OF NEUTRALISATION OF -
HYDROCHLORIC ACID WITH SODIUM
HYDROXIDE

Requirements

Apparntus i Chemicals
Thermos Flagk - : — 1 Sodium hydroxide
Glass Stirrer — 1 Hydrochloric acid
Thermometer 110° (1/10°C) — 1
Stop Watch or Stop Clock — 1
Beaker 250/400 cm’ - 2
(1 as calorimeter)

Measuring Cylinder 100 cm® i

Solutions Provided
0.50 mol dm™ N2OH
0.50 mol dm™* HC)

Procedure

Measure 100 cm? of HCI in a beaker for which heat capacity has already been
determined in Experiment 3. Place it in a thermos flask. Insert the stirrer and the
thermometer through lhe__lwo-holes.an'd cover the thermos flask with the lid. Stir

| =il i =i prwry o 7 -
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'-lhe contents w1lh thc stirrer and note down the temperalure of the acid af{er every .

" half a minute for 5 minutes. Take 100 cm of NaOH in another beaker (preferably

fna ﬂask) and note down its tempcralure after every half a minute for five mmutes.

" Pour the NaQH soluuon in the, acid already placcd in the lhcrmos flask and note
down the exact time of mixing. Close the lid and keep On sumng the solution and
notc down temperaturé after every half minute for another 5 mmutes cheal the
experiment for second set of readmgs

You can record your obs_ervauons as given below:

Obsei'vations

Nculrahsauon of HCI with NaOH

SET I
Volume of HCl in the calorimeter, Vacia = 100cm®
Volume of NaOH in the beaker, Voase = 100cm®
Temperaturc-time data for acid, basc and for mixture :
:I'lme}'s ’ _ Temperature/°C Times 'l‘cm‘pcfralurefc
HCJ NaOH Mixture
Time of mixing: =......... 5

SET II: Take obscrvations in a similar way and record them in the same manner
as riven above for Set L
Volume of HCl in the calorimeter, Vg = 100cm?

Volume of NaOH in the beaker,

Vbasc = 100 (.1I'I'I3l

Tempcrature—time data for acid, base and for mixture :

Temperatore/fC
Timess ‘Iime/s Tcmp:I:ralurch
Tl NaOQH Mixture
_ . } lime o mixing =........... .8 41

Dqlcrmmanon ol‘ Enlhalpy b[
Nculrahsallon and lomsallon
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Properties of Liquids and
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Mixtare |
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Fig. 7.1: Te\m_pemlul_'el-llme curve
for neutralisatlon.

For dilule solutions of acids and
bases, mass ean be assumed 10 be
cqual ta volume because density
could be taken as I kg dm™ for
them.

The specific heat of wateris
4185JK ' kg, Fora dilute solution of
an acid and a base, the specific heats can
be assumed to be equal to the specific heat
of water. Let us denote the specific heal of
" water &s.5, Henee, specific heat of acid
= specilic heat of base '
= specific heat of water = ¢ .. (7.3)

0.5 M HCl means 0.5 mole of HC|
presentin 1 dm® of the solution. Thus,
amount (no of moles) of HCI present io
100 cm? of HCY (or 200 em® of the -
solution)

=93 mole = 0 05 mole

10
Because - 1dm=10ecm
cand (1 dmYy = (10 em)®

1dm® = 1000 cm’ or 100 cm® =-T16 dm®

Thus, to get the amount (oumber of
moles) present in 100 cm® of 0.5 M HC
or 200 cm® of the solution from the
molarity (or amounl in no. of moles of
substance present in 1 dms), wc have Lo
divide the molarity by 10 as done above.

42

Calculations

(1)  Plot temperature — time curve for the neutralisation of HCI with NaGH
data. You will get a plot as given in Fig. 7.1. From the graph, calculate Ty
and 7, {the temperature of the reactants: base and acid, respectively) and
T, the temperature of the products.

(2} The heat evolved dun‘ng neutralisation will raise the temperature of the
solution and that of the beaker (calorimeter). In other words, the enthalpy
change for the neatralisation of the given amount of the acid with the given
amount of the base is equal in magnitude but opposite in sign to the heat
gained by the calorimeter and its contents. ‘That is-why there is a ncgauve
sign in the right hand side of Eq. 7.1 as given below:

AH = - [Heat gained by the calorimeter + - )
Heat gained by the solution] e (D)
= — [(Heat capacity of the calorimeter x ' '
Rise in temperature of the calorimeter) +
" (Mass of base x Specific heat of base X

Rise in temperature of base) + (Mass of acid X
~ Specific heat of acid X Rise in temperature of acid)]

= —[{Cp (c) as obtained in the carlier experiment X (T - T,)}
+ {Vpase X sp.heatofbase x (Ty— Ty)} +{Vaga X sp.
heat ofacid x (T, - T,)}]

: : - (7.2)

Using Eq. 7.3,

AH = - [Cp (€) (T~Ty) + Viase (T To) + Vacia ST Ta)l - - (74)

Calculate AH from Eq. 7.4 by substituting the values of T, T, and T}, as obtained
by the plot of temperature versus time curve and those of heat capacity of
calorimeter [Cy(C) from Experiment 3] and specific heat (s = 4,185 J K‘lkg“l) AH
50 obtamed in thc above equation l.S the enthalpy change for the neutralisation of
100 cm® of 0.5 M HCl with 100 cm® of 0.5 M NaOH. From this AH, you can now
calculate the AF ., as follows.

You know that the enthalpy of neutralisation is the enthalpy change per mole of
the substance neutralised. Thus, we have to first calculate the amount {number of
moles) of HCI present in the volume of solution laken for neutralisation in the
experiment. As given in the procedure, when 100 em® of 0.5 M HCl in neutralised
using 100 cm of 0.5 M NaOH then, the amount (no. of moles) of HCI present in
the 200 cm” solution (100 cm® acid + 100 cm® base} will be equal to 0.05 mole.

To calculate the heat of neutralisation, we have to divide the AH obtained by Eq.
7.4 by amount (the number of moles) of hydrochloric acid, i.e.,

dH(obtamed fromE'.q 7.4)
amoun! (No. of moles) of HCI

_ A (obtained from Eq. 7.4)
a 0.05

~ = .. J mol™
Naw rgport your result as given below:

A'HI'ICI.II.

Result
-1
The heal of neultralisation of hydrochlonc acid with sodium hydroxide is ..... J mol

Let us now turn to a similar experiment using acetic acid instead of hydrochloric
acid.
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ENTHALPIES OF NEUTRALISATION AND.
IONISATION OF ACETIC ACID '

Principle :

The enthalpy of neutralisation of acetic acid can be determined by the similar
method as done above for the hydrochloric acid. The acetic acid, in contrast 10 the
hydrochloric acid, is a weak acld and is not completely dissociated in dilute aqueous
solutions into H* and CH,COO™ ions. ' '

CHyCOOHp, —=> CH,CO0 ™,y + H (ag)

"When acetit acid is neutralised with a base (NaOH), some of the heat evolved
during the neutralisation is used in the process of d'nisociating’lhe acetic acid to
allow the completion of neutralisation. Therefore, you can expect that the enthalpy
change‘associated with the neutralisation of acetic acid (a weak acid) with a strong

 base to be lower than that of the enthalpy of neutralisation of a strong acid with a
strong base (i.e., -57.3 kJ mol‘l). Similarly, the value of enthalpy of neutralisation
of a weak base with a strong acid will also be lower than that of the enthzlpy of
neutralisation of a strong base with a strong acid. '

The difference in the enthalpy of neutralisation of a strong acid (HC1) with a
strong base (NaOH) and enthalpy of neutralisation of weak acid (CH3COOH)
with strong base (NaOH) will give the enthalpy of ionisation of the weak acid
(CH;COORH). :

Since the ionisation proceeds simultaneously with neutralisation, the enthalpy change
observed is the sum of enthalpy of ionisation and enthalpy of neutralisation, i.e.,

AHionis + A‘!"’m:ut = AHohscrvcd
Afignis = AHops ~ AH, 0,

= Afgps — (-57.3 k mol_])
AHionis = AH gpy + 57.3 kJ mol™

Since the Af,,. has a negative sign and is smaller in value than 57.3, AH,,, is
positive. Thus, ionisation is endothermic.

Requirements

\pparaius Chemicals
Chermos flask — 1 Acetic acid

3lass stirrer — 1 Sodium Hydroxide
‘hermometer — 110°C — 1

1/10th°C)

top Watch or Stop Clock —
ieaker 250/400 cm> —
feasuring cylinder 100 cm? —

[ TR o

olutions Provided

0.50 mol dm™> CH,COOH
0.50 mol dm™ NaOH
rocedure

0 exactly in a similar way as done in the previous experiment using acetic acid
stead of hydrochloric acid. '

Determination of Enthalpy of

7.2.2 EXPERIMENT 6: DETERMINATION OF THE Neutralisation and tonisation
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Propertics of Li'q vids-and

" Thermochemistry

Record your observations in the. following manner.

Observations

Neutralisation of CH,COOH with NaOIl

- SET1

Volume of CH_J,COOH in the calorimeler,

. Volume of NaOH,-

-V

acid = 100 cm?

Viase = 100 em¥

Temperature-time data for the acid, the base and for the mixture:

: Temperature/C : '
Timefs R Time/s Temﬁ;rfl::;efc
- CHsCOOH NaOH ' i
D TN SRR DA DI,
Timeofmixing =._....... 5
SET ii

Repeat same observations as done above for Set I.

Volume of CI—L,COOH in the calorimeter,
Volume of NaOH,

v,

acid = 100 Cm3

: 3
Poase = 100 cm

Temperature-time data for the acid, the base and for the mixture:

Time/s

- Temperature/C < Time/s TemperatureC
CH3 COOH NaOH Mixture
Time ol mixing =......... s
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Calculations

From the observations that you have recorded, plot a graph of temperature versus

time for the acid, the base and the mixture. You will get a similar plol as you got in

the previous experiment. From this plot, note down the temperature of the acid
(T,), the base (T,,) and the mixture (Try)- Now, substitute the values of T,, T, and
T, in Eq. 7.4 and get the value of enthalpy change (AH) or heat evolved during the
neutralisation of 100 cm® of 0.5 M CH;COOH with 100cm? of 0.5 M NaOH. Then
divide the above value of enthalpy change with the number of moles of acetic acid
present in the amount of soiution 1aken for neutralisation.

AH (obtained above)
0.05 mol

_ AHgeu of acetic acid =

= ... kI mol™
Now calculate the enthalpy of ionisation of acetic acid as given below:
AHinnis = Afncul (strong acid with strong base)-
AHnew (acetic acid with NaOH)
(57.3 k) mol") + (value of AMney as obtained above)

= ... kJ mol™!

Result

The enthalpy of neutralisation of acetic acid with sodjum hydroxide is ........ kJ
mol™ and 1he enthalpy of ionisation of acetic acid is ........ kJ mol™".

SAQ 1
Calculiie the mass of ucehe acid presentin 730 em T of GO1S) molar solution,

7.3 ANSWERS

Self Assessment Questions

| 1000 ¢cm? acetic acid solution contains 0.150 mol aceric acid

0.150 mol X 75.0 cm3
1000 cm®

= 0.01125 mol

= 0.01125 mol x 0.0600 kg moi™!

=675 x 107 kg

- 3 . - . . -
75.0 ¢cm” acelic acid solution will contain

Determination of Enthalpy of
Neutralisation and {onisation

Remember &ffneut has a negar've
sign.
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The molar mass of acetic acid is
0.0600 kg mol™'
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Propenties of Liquids and, .

Thermochemistry
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Appendix -
Density of water at different temperatures’
Temperature/*’C Densityt g cm™
10 0.9997
15 0.9991
20 10,9982
21 0.9980
22 " 0.9978
23 0.9975
24 0.9973
25 0.9970
" 26 0.9968 -

27 0.9965
28 0.9962
29 0.9959
30 09956
3l 0.9953
) 0.9950
33 0.9947
34 0.9944
35 09941
40 0.9922
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‘BLOCK 3 APPLICATIONS OF
THERMODYNAMICS

In Block 1 of this course, you were introduced to some basic laboratory skills and techniques,
and three demonstration cxperiments bascd on colorimetry, conductometry and
potentiometry. In Block 2, you studied some experiments based on propertics of liquids and
thermochemical measurements.

In this block, you will study some cxperiments which are based on the applications of
thermodynamics. In Unit 8, you will study the determination of molecular mass of a
non-volatile solute by Rast method. Unit 9 deals with the measurement of emf of cells for
determining the pH of a solution and the solubility product of a sparingly soluble salt. In
Unit 10, we describe an experiment for verifying adsorption isotherms for adsorption of oxalic
actd on charcaal. Unils 11 and 12 deal with experiments based on phase cquilibria. In Unit
11, we describe an experiment for constructing phase diagram for a simple eutectic system.
In Unit 12, you.will study the determination of CST of phenol-water system and the effect of
impurity on the CST of this system. In this unit you will also study the determination of
distribution coefficignt ol iodinc in carbon tetrachloride-water system, and of benzoic acid
in toluene-water system, :

Objectives

. Alter studying this block and having performed the experiments described, you should be
able to:

determine molar mass of a solute by Rast method,

determinc pH of an acid solution by measuring emf of appropriate galvanic cclls,
determine the solubility product of a sparingly solublesalt by emf measurements,
verify adsorption isotherms for adsorption of oxalic acid on charcoal,

construct phase diagram for a simple euteclic system,

determine CST of phenol-water system,

determine concentration of unknown sodium chloride solution by CST method,

determine the distribution cocfficient of iodine in carbon tetrachloride-water system,
and of benzoic acid in tolucnc-water system.

Study Guide

We are going to represent concentrations of solutions using scientific nolalion, since we
would like to express the results maintaining the significant figures. For example, instéad of
0.1 M, we prefer to write 1.000 X 107 M. This is becausc we are going to use four figure
logarithms for calculation (although the weighing may be accurate upto 0.2 mg).

For the sake of convenience in calculations and plotting graphs, itis desirable to lake solutions
of certain concentrations for various cxperiments.- However, in their place, you can also use
other solutions of known concentrations. For cxample, in Experiment 11, you ar¢ advised Lo
use a standardised solution of potassium permanganate of concentration, 2.000 X 102 M. it
does not mean that you have to use only 2.000 x 107 M KMnO.. In fact, you can use any
standardised solution of KMnQ, having concentration about 0.02 M.
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UNIT 8 DEPRESSION OF FREEZING
POINT

Struclure

8.1 Introduction
Objectives
8.2- Experiment 7 : Determination of Molar Mass by Rast Method
- Principle
Requirements
Procedure.
" Observations
Calculations
Result
83 Summary
84 Tcerminal Questions
85 Answers

8.1 INTRODUCTION

In this unit, you will study how te determine the molar mass of 4 non-volatile solulc by Rast
Mcthod. This method is based upon the measurcment of depression of (reezing point of a
solvent by addition of a known amount of non-volatile solutc. The depressionof {reezing
point is a calligative property, since it depends on the number of non-volatile solute particles
in solution. The only condition is that the solute should not associate or dissociate in solution.
Osmotic pressure, relative lowering of vapour pressure and elevation of boiling point are
some other examples of colligative propertics, which you might have studied in detail in Unit
12 of the CHE-04 coursc. '

Alter studying this unit and having performed the experiment described in the unit, you
should be able to: ' . .

® explain what is meant by colligative property,

° give cxamples of colligative properlies,

® state the relation between depression of freezing point and molality of the sofution,
® define molal depression constant, and '

¢ dctermine molar mass of a solute by measuring depression of freezing point..

8.2 EXPERIMENT 7 : DETERMINATION OF
MOLAR'MASS BY RAST METHOD

This method was devised by Rast in 1922. Rast method is actually a micro-method because
only a few milligrams of the solute arc required. This mcthod can be used fos detcrmining
the molar mass of those non-volatile solutes which dissolve in molten camphor and do not
react with it or decompose at its melting point. The molal depression conslant of camphor
is very high, i.c., 40.00 K kg mol™". It means that when one mole of 4 solute is dissolved in one
kilogrant of camphor, the depression in freezing point is 40°C, which can be read using an
ordinary thermomecler. Thus, therc is no need of using a costly Beckmann thermomecter (o
measure the depression in [reezing point. In this mcthod, we aclually measurc the depression
in melling point of camphor. But, the melting point of solid phasc and the [rcczing point of
liquid phase of any substance are the same. Therefore, it does not make any difference
whether we measure depression in the meliing point or depression in the freezing point.
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Applicatlons of
Thermodynamlics

82.1 Principle

When a non-volatile solute is added to a solvent, it lowers the freezing point of the solvent.
The relationship between the molar mass of a non-volatile solute and the depression in
freezing point of a solvent has been discussed in Unit 12 of the CHE-04 course. We shall use
Eq. 12.37 from this Unit for this purposc of determining molar mass of a non-volatile solute
by Rast method.

_ KrW;
ATy = S ‘ .. (1237)
2
where K; = RT M _ molal depression constant
AHﬁ.u )

Eq. 12.37 can also be wrillen as

_ Kews )
M, = AT .- (8.1)

where wy and w- refer Lo the masses of the solule and solvent {(camphor), respectively, M
slands for thc molar mass of the solutc and ATy refers to the depression in melting point of
the solvent,

Depression in Melting point of the solvent
(Melting point of the solvent) — (Melting point of the mixture)
= To—-T

AT,

Il

In Eq. 8.1, w) and w; are in kg unit, M, is in kg mol”' units and K is in K kg mol” units. The
molal depression constant of camphor is 40.0 K kg mol™. w), w; and AT are experimental
quantitics. Thus, using Eq. 8.1, you can calculate the molar mass of the given solute.

If you wanl Lo study more¢ about the depression of [reezing point and other colligative
properties, go Lhrough Unit 12 of the CHE- 04 (physical chemistry) course.

SAQI

Tht.. mola) depression constants of waler, aceticacid, cyclohexane and camphor are 1.85,3.90,

2020 amd 4000 K kg mal L respectively. Which of the above four you would prefer for’

determining the molar mass of a non-volatile solule and why?

8.2.2 Requirements

Thicle’s melting point tube
Test tubc

Apparatus . Chemicals
Beaker 100 cm’ 1 . Camphor
Capillary tubes 3 2. Acctanilide, urca or Lhiourca
Onc-tenth degree thermometer 1 3. Liquid paraffin
1
1

B e

MrTIiE TR UPE IR RS e s sy

—=L

1 g

L [T T T TERE S,

A




8.2.3 Procedure ) Depression of Freezing Poln|

Prepare a homogeneous mixture of the solute and camphor. For this, take a clean and dry
test ube and weigh it accurately on an analytical balance. Put about 200 mg of the solute in
it and weigh it. Now add approximately 3 g of camphor to the test tube and note down its
mass. Seal the open end of the tube on the lame by drawing a capillary. Melt the mixture
by piacing il in a beaker containing liquid paraflin. Continuc heating till the mixture melts
completely and the temperature of the bath is about 5* above the melting point of pure
camphor i.c., 177°C. Mix the'contents of the Lube by rotating it. Now cool the tube quickly
in a water bath. Repeat the process of heating and cooling Lthe mixture two more limes Lo
cnsure homogeneity. Cut off the scaled end of the tube, take oul the solid and powder it with
pestle and mortar. Fill it in a capillary tube afller scaling its lower end. Stick it to a
thermometer after wetting il.with the bath liquid and sct up the apparatus for determining
melting poinl as shown in Fig. 1.9 of Unit 1 of this course.

Hcat gently and determine the melting point of the mixiure as described in Section 1.9. Watch
the melting of crystals in the capillary and note the temperature on the thermomeler when -
the last crystals have just melied. This gives the melting point of the mixture. Aliow the bath
liquid to cool so that the liquid in capillary freezes. Find the melting point of the mbxture
again. In this way, take three readings to confirm the results and calculate Lhe average value.

Fill another capillary with pure camphor powder and in the same manner determine its
melting point. Take three readings in this case also and determinc the average valuc.
8.24 Observations

Record your observations as under:

i)  Mass of the empty Lest tube

= g
i)  Massofl the test tube + solure = L E
iii) Massof the test tube + solute + camphor = ., g

iv)  Melling point of the mixture
) S b} i €) e
v}  Melting point of purc camphor

- o) JOVRRNY +) ST UO

8.2.5 Calculations

Mass of the solute taken = w, = i) —1) = ..... g=..kg
Mass of camphor laken = w, = i) —ii) = ... g=_..kg
Average melting point of mixtere = 7, = ....°C = ... K

Average melting point of camphor = T = ....°C = ... K

Depression in melung ([reezing) point = AT; = T,- T,
Molal depression constant of camphor = K; = 40.00 K kg mol™'
Asw, wy, Krand AT, are known, calculate the molar mass of the solute using Eq. 8.1.

Kr Hn

Mo = AT wy
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Applications of
Thermodynamlcs

8.2.6 Result

The molar mass of the solute as determined by Rast method = ..., kg mol™
Calculated molar mass of the solute = e kg mol™
8.3 SUMMARY

In this unit you studied the determination of molar mass of a non-volatile solute by Rast
method. This method is based upon the measurement of depression in freezing point of a
solvent by addition of a2 known amount of the solute. Depression of freezing point is a
colligative property as are elevation of boiling point, osmotic pressure and lowaring of vapour
pressure, Colligative propertics dcpend on the number of solute particles present in solution,
but not on their nature,

8.4 TERMINAL QUESTIONS

What is a colligative property?
For whal typc of solid compounds Rast method can be used?
What is molal depression constanl?

8.5 ANSWERS

Self Assessment Question

1.

The value of molal depression constant of camphor is the Jargest of the four solvents.
Thercelore, a given amount of solute will produce the largest depression in [reezing point,
if camphor is taken as a solvent. Thus, camphor would be the obvious choice provided
that the solute dissolves in molien camphor and does not react with it or decompose at
the melting point of camphor.

Terminal Questions

1.

The property which depends only on the number of solute particles and not on their
naturc is called a colligative property.

Rast method can be used only for those compounds which dissolve in molten camphor,
do not react with it and do not decompose at its melting temperalure.

Dupression in [reczing point of the solvent when one mole of the solule is dissolved in
anc kg of the selvent is known as the molal depression constant.
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UNIT 9 APPLICATIONS OF EMF
MEASUREMENTS

Structure

9.1 Introduction

Objectives
9.2 Experiment 8 : Determination of pH by EMF Method

Principle ’

Requirements

Procedure

Observations

Calculations

Result . .
9.3  Experiment 9 : Determination of Solubility Product of AgCl from EMF Measurements

Principle )

Requirements

Procedure

Observations

Calculations

" Result

9.4 Summary

9.1 INTRODUCTION

In Unit 3 you were introduced to clemenlary concepts of potentiometry such as types of
clectrodes, electrode potential, galvanic cell, cell potential, emf, Nernst equation, ctc, We
also described a demonstration experiment for construction of a Daniell cell and
mcasurement of its emf. In this unit we shall describe two experiments which are based on
the applications of eml measurements. In these experiments, you will measure the emf of

appropriate galvanic cells using low cost polentiomeler and then determine the pH of

solutions and the selubility product of a sparingly soluble salt such as silver chioride.

Alter studying this unil and having performed the experiments described in this wnit, you
should be able to: :

® cxplain the terms electrodes, clectrode potential, galvanic cell, cell potential, emf, Nernst
equation, pH and solubility product,

® slate the relationship between emf of a cell (or half-cell potential) and the concentration
of species involved in cell reaction (or half-cell reaclion),

® describe the relationship between emf of 2 cell and the pH of the solution in the indicator
half-cell,
construct copper, silver and quinhydronc clectrades,
measurce cml of a ccll using low cost potentiometer,

!

® delermine pH of an acid solution and solubility product of a sparingly soluble salt by
measuring emf with a low cost potentiometer.

9.2 EXPERIMENT 8 : DETERMINATION
- OF pH BY EMF METHOD

In Chemistry Lab - I, CHE-03(L), course, you performed an experiment based on low cost
pH meter. You performed a pH metric titration and determined the amount of acetic acid
in a commercial sample of vinegar. The low cost pH meter can also be used for meastriag
PH of solutions directly. Bul in this experiment, you will usc the low cost pH meter as a
potentiometer. You will measure the emf of 2 galvanic cell and then, calculate the pH of
hydrochloric acid and acetic acid solution by making use of Nernst equation.
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" Applications of
Thermodynamlcs

As per literature value,
Eagora™ = 0222V

9.2.1 Principle

In Unit 3 of this course, you studicd that the quinhydrone electrode is reversible with respect
to the H* ions. You have also studied that the half-cell reaction of this electrode is

CHO) + 2HY () +26  —=CH{OHN) - (3.27)
@ (HQ) ’

The expression for electrode polential of a quishydrone electrode (Eq/1,Q) in a solution of
H* ions can be written, by using Nernst equation (Eq.3.18), as follows :

. 2303 RT :
Eqmo = E&/HZQ +—2-F— log[H +}2 . (3.18)

2303RT X2 '
= Ebmo + =5 log[H "

2303RT '
=Eqmq+ —%— pH - .. (330)

F

The standard reduction potential, E/#1,0,for quinhydrone electrodeis 0.699 V. There-
fore, from the above we get, :

2.303RT '
Eqnng = 0.699 - == pH ... (9.1)

Thus, you.can see that the clectrode polential of a quinhydrone electrode is related to the
pH of the solution with which it is in contact. Now if you set up a galvanic cell by connecting
the quinhydrone indicator electrode to a saturated silver-silver chloride reference electrode,
the quinhydrone electrode will act as a reduction clectrode and the silver-silver chloride
clectrode will act as an oxidation electrode. The ccll can be represented as follows:
Ag(s)| AgCI(s), KCl(satd) | |QH:Q(s), H™() | C()
The half-cell reactions are :
Ag(s) + Cli(ag) —- AgCI(s) + ¢, and
Q(s) + 2H*(c) + 2 —— HQ(s)
Using Eq. 3.14 of Unit 3 of this course, the emf of the cell can be written as:

Eci = Eqru — Engova™
But Eagcivar™ (as per literature value) = 0.2V

Using this in Eq. 9.1, we get

Eccll = 0.699 — @Z pH - 0222
or Ea = D.4Tl—%ﬂpH
(B — OATDF :
or  PH =T BRT - 02)

~ Thus, by measuring the emf of the cell, the pH of the solution can be calculated.

9.2.2 Requirements

Apparatus Chemicals
1. Low cost potentiometer 1 No. 1. Quinhydronc
2. Silver-silver chloride clectrode 1 No. 2. Potassium chloride
3. Carbon clectrode 1 No.
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4. Sall Bridge : 1 No.
3. Beakers 100 cm’ 2 Nos.

Stock Solutions Provided

1. Hydrochloric acid (1.00 X 107 M)
2. Acelicacid - (1.00 X 107 M)

923 Procedure

Calibrate the low cost potentiomcter by fo[lowing'lhpfmcghou_:]_givcn in Sub-scclion 3.4.6 of
Block 1 of this course. - T BT

- -
————

Sct up a silver-silver chloride half-cell by taking 20-25 cni of saturated solution of KCl in one
100 cm® beaker and by placing a silver-silver chloride clectrode init. Set up a quinhydronc
half-cell by taking 20-25 cm® of 1.00 X 107> M hydrachloric acid in another 100 cm® beaker.

- Add a pinch of quinhydrone and inscrl a carbon electrode in this solution. Conneet the two

half-cells through a KClsalt bridge. [fa salt bridge is not available, lake a strip of filter paper,
dip it in saturated KCl solution and use it in place of the salt bridge. i

Conncct the carbon electrode (o the indicator terminal (through the red crocodile clip) and
the silver-silver chloride electrode to the reference terminal (through the black crocodile
clip) of the instrument,

Keep the range sclector at 2 V and then measure the emf of the cell. Remember cach
division on thc meter scale is equal 10 0.04 V in the 2 V range. Take the measurcments at
Icast two morc Limes for the same sct-up, and record the values in Tablc 9.1.

Now set up the quinhydrone hall-cell again, this time using acetic acid (1.00 X 107 M), and
measurc the cmf value in the same manner. Repeat the measurement at leasl two more times
and record the values in Table 9.1,

924 Observations
Room temperature, T = °C = K

Table 9.1 : EmfI Yalues of Cells

Cell EmfyV

Ag(s) | AgCl(s), KCI(saud) | [ Q,H,O(s), HCK1.00 X [02M) | C(s) | eomoeeee

Average value of emlof theeell | oo

Ag(s)[ AgCi(s), KCl(satd) { | Q, HQ(s), CH;COOH(1.00 X 10°M) | C(s) |  —-oneve-r

Average valuc ofemfof thecelt | oo

925 Calculalion.s
pH value of 100 X 10°M HCi

Avcerage value of cml of the ceil

containing 1.00 x 10> M HCI = %
Temperature {T) = ...K

Gas conslant (R) = 8314JK ' mol™-
Faraday constant (F) = 96500 C mol™

B |
Applicallons of Eml
Measurements
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Applleations of
-Thermodypamlics |

( Eoca — 0.477) 96500

Using Eq.9.2, pHof 1.00 X 107" M HCl = 2303 X 8314 T

(You can compare this with the theoretical pH value of 2)
pH Value of 1.00 X 102M CH,COOH

Average value of emf of the
cell containing 1.00 X 10°M CH;COOH = ...V

- . -2 . _ (Eegn - 0477) 96500
Jj\gam, using Eq. 9.2, pH of 1,00 X 10°M CH,COOH = 2303 X 8314 T

9.2.6 Result

The pH values of 1.00 X 10°M HCland 1.00 x 10°M CH,;COOH are found to be -
and ---, respectively. .

Give rcason (or the relalive magnitudes of pH of 1.00x 10° M HCl and 1.00 x 10°M
CH,COOH in the space given below:

93 EXPERIMENT 9 : DETERMINATION OF SOLUBILITY

PRODUCT OF AgCl FROM EMF
MEASUREMENTS '

In Experiment 8 you have made usc of emf of a cell in determining the pH of a solution. In
Unit 17 of the CHE-04 coursé, you had studicd that the emf measurement can also be used
in determining the solubility product of a sparingly soluble salt. In this experiment, you will
determine the solubility product of a sparingly soluble salt, silver chloride, by measuring Lhe

emf of an appropriate galvanic ccll.

9.3.1 Principle

You know that the silver chloride with a solubility of 1.37 X 10” mol dm™ in water is a sparingly
soluble sall. As a result, when silver chloride is placed in watcr, only a very small amount of
it dissolves in water Lo give a saturated solution. You also know that all the sparingly soluble
salts arc strong clectrolytes; therefore, AgCl that dissolves will be completely dissociated into
Ag* and CI ions. Thus, there will be an cquilibrium between undissolved AgCl and its ions

in solution:

AgCls) DO Ag'(ag) + Ciley)
";——' .

The equilibrium constant or this reaction, which is generally known as solubility product
constant, K,,, is given by

K, = jAg @y e

where [Ag*(ug)] and [Cl(ag)] represent the molar concentrations of respective ions. The
polentiometric detcrmination of K., is bascd on the (ollowing simple idea.

An agucous solution of AgCl contains cqual amounts of Ag’ and CY ions. However, if to
this solution, a known cxcess of KCl is added, then [CI'} is essentially determined by the
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concentration of KCl. The [Ag®] can be determined by seiting up and then measuring the
emf of the following galvanic cell:

Cu(s) | Cu**(1.000 x 107 M) | | Ag®(x M), AgCl(s),KCI(1.000 x 107 M)| Ag(s) ...(9.4)
Reference hall-cell Indicator hall-cell

The emf of the cell is given by

Ecn = Epg*ing = Ecv™*icu
2303 RT .
= (Eﬂa+fﬁ€ + —log [Ag" ]) - (E”ct.‘ﬂcu

F
2303 RT . 2303RT
= EAg-'-Mg - E°Cu"'+;(:u - T log(1.000 x 10 l) + "—F— log [Ag+|

2303 RT 23 RT
= (E°.-xg+1ng—ﬁ"Cu”1Cu+ S F )+ o

+ 2303 RT

g
F log [Cu ])

log[ag] .. (9.5)

At a given tempcralurg, the valuc of the term within brackets is constant. Thus, by measuring

the emf of the cell, the value of [Ag*] can be calculated using Eq. 9.5. A more accurate
method of obtaining [Ag’] in solutions of unknown concentration from E.q values is Lo plot
a calibration curve between [Ag*) valucs of silver nitrate solutions of known concentration
and the corresponding E.p values. This is explained below.

Plotting a calibration curve

For the purpose of drawing calibration curvc, you shall usc the following ccll:
Cu(s)| Cu**(1.000 x 107" M) | [ Ag*(c}{Ag(s) e {9.6)

where Ag*(c) is the concentration of standard silver nitratc solution. You shall use AgNO;,
solutions of 5.000 X 107 M, 1.000 x 107 M, 5.000 x 10~ M, 1.000 X 107 M, 5.000 X 1'M
and 1.000 x 10" M concenlration and mcasure E cvery time and nole down the values in
Table 9.2

The actual plot as per Eq. 9.5 should be between E and log [Ag*]. Since [Ag®] in various
AgNO, solutions is much less than 1, log [Ag"] will be a negalive quantily in each case. But
it will be easier Lo plot a graph using positive quantities. Hence, Eq. 9.5 is transflormed into
Eq. 9.7 by multiplying the last term in right hand side of Eq. 9.5 by (-1) wwice.

) 2303RTY 2303RT
Eyg = (E" reting — Ecutticu + S50 ) i (—l03[A3+l) ----- (9.7}

You should use this equation for the purpose of obtaining Lhe calibration curve. Using Een
and -log[Ag*] values from Tablc 9.2, plot the calibration curve. Shape of the curve should
be as shown in Fig. 9.1, '

Ec.ell v

. N

i
b
—log{Ag"]/ M
Fig. 9.1 : Calibratlon curve and [Ag*] by Interpolation.

=-=5F D [

Applicaiions of Emfl h
Measurémenis ¥

2303 RT, -1
“HF log (1.000 x 1077)

2.303 RT 2

_ 2303RT
2F

T,

You can nole that Eq. 2.5 is
applicai?le 10 both the cells sei up as
per 12q. 94 and 2.6 since
i) the reference elecirode is
the same in each case, and
ii) the indicalor elecirode in
cach case is reversible with
respect 1o Ag” ions.

Lo Ly b

‘I'o undcrsiand this clcarly, you are
advised Lo go 1hraugh Section 17.8 of
Unil 17 of the Cl[E-U4 course.
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Applications of
Thermodynamlics

[Cr] = 3333 % 1072 Mas
shown in the calculation part of
this cxperiment,

Obmining unknown [Ag"] from the calibration curve

The cmf of the cell set up as per Eq. 9.4 is measured to obtain [Ag] in a saturated solution

of AgCl by interpolation method. You have studied the details of interpolation method in
Scclion 2.6 of Unit 2 of this course. Following this method, find out the x-coordinate value
{b) from the curve corresponding to the £ value (@) obtained for the cell mentioned in
Eq.9.4. Once thex-coordinate value (b) is known, [Ag’] in a saturated solution of AgCl can
be calculated using the following relationship:

—log[Ag'] = b

" Hénce, [Ag*] = 10°M e (9.8)

{as shown in Example 8 discussed in Sub-section 2.3.2 of Unit 2 of Block 1 of this course).

Calculation of K,

Using [Ag”*] valuc obtained above by interpolation method and [CF] as 3.333 X 107 M, we
can caleulate X, using Eq. 9.3

K = (|Ag"] as obtained by interpolaiion mclhod) x ({CI'] in the indicator half-cell)

P

orK,=(10""%x3333x100y . 99

9.3.2 Requirements

Apparatus

1. Low cost potenliometer 1 No.

2. Copper electrode 1 No.
3. Silver clectrode 1 No.

4,  Salt bridge/KNO3 1No.

5. Becaker 100 cm® 4 No. -

6.  Graduated pipette 20 cm’ 1 No.

7. Graduated pipette 10 com’ 1 No.

Stock Solutions Provided

. 1.000 X 107 M, 5.000 x 10~ M, 1.000 X 10° M, 5.000 x 10° M,
1.000 X 107 M, 5.000 X 107 M and 1.000 x 107" M AgNO3 solutions

2. 1.000 % 10" M CuS0Qy4 solution

3. 1000 x 10"' M KCl solution

9.3.3 Procedure

1. Calibrate the low cost potentiometer as you did in Experiment 8 by following the method
given in Sub-scclion 3.4.6 of Block 1 of this course.

2

Set up the following galvanic cell {as per Eq. 9.6) using 1.000 x 107" M CuSO, and 1.000
x- 107" M AgNO» solutions, copper and silver clectrodes, and KNOs salt bridge:

Culs)] Cu®™*(1.000 x 107 M) | | Ag'(1.000 x 107" M) | Ag(s)
Relerence half-cell Indicator hall-cell

3. Connecl the copper electrode to the reference terminal (through the black crecodile
clip) and the silver electrode Lo the indicator terminal {through the red crocodile clip)
ol the instrument.

4. Keep the range selector at 2 V and then measure the emf of the ccll. Remember cach
division on the meter scale is cqual to 0.04 V in the 2 V range. Note down the
measurcment in Table 9.2 and remove the salt bridge as soon as possible.
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5. Now take 5.000 X 10™ M silver nitrate solution in the indicalor hall-cell. Conncet the Q’PP"“‘""“" of Emf
Measurements

two half-cells through the salt bridge and note down the emt. Similarly measure the emf
for the rest of the silver nitrate solutions (1.000 x 10™M, 5.000 x 10 M, 1.000 x 10°M
and 5.000 X 10 M) and record the valucs in Table 9.2.

6. Prcpare a system by mixing 10 em® of 1.000 X 10°' M AgNO; solution with 20 cm’ of
' 1.000 x 10" M KCI solution. Shake (he mixture well. Take this mixture in the indicator
half- cell and set up a galvanic cell as shown in Eq. 9.4,

7. Measure the emf of the cell and record the value below Table 9.2,

8. Repeal the steps 6 and 7 once more and record the value of emf.

934 Observations

Room temperaturc = °C

Table 9.2 : Em[ Values of Cells constructed as per Eq.9.8

S.No. (Ag* /M Eca/V log {Ag'1/M | —log [Ag*/M
1. © o 1000x 107*
2, 5.000 x 10~
3. 1.000 x 1077
4. | 5.000 x 107°
5. 1.000 x 10™?
6. | 5.000 x 1072

Emf of the cell constructed as per Eq. 9.4 is measured twice and the values are recorded
below. - ,

(i) — \'
(i) SV
The average of the two mcasurements = ..................... Vv

We shall use this as g, for the purpose of interpolation.

9.3.5 Calculations

(i) Plotting of calibratior curve

Plot a calibration curve between £, and -log {Ag*] as explained in Sub-section 93.1. For
this purpose, use the values from Table 9.2. You will get a calibration curve as shown in
Fig. 9.1. '

(il) Obtaining [Ag*} from the calibration curve

As explained in Sub-section 9.3.1, obtain x- coordinate (b) corresponding Lo the average £,
value (a) of the cell constructed as per Eq. 9.4.

M stands for malarity unit
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Applicatlons of
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(iii) Calculation of [CI}

Voluine of 1.000 x 10™ M KCl taken
in the indicator hatf-cell - = 20 cm®

1.000 % 107" x 20
1000

Amount of KCl present = = 2000 x 107 mol

Volume of 1,000 x 10" M AgNQ; 1aken = 10 em’

Amount of AgNO; present = 1,000 x 1077 x -ll'l)b% = 1.000 x 10~ mol

Now, 1.000 X 10~ mol of KCl will react with 1.000 X 10° mol of AgNO; to give 1.000 x 10
mol of AgCl and 1.000 X 107 mol of KNQ,.

ljlcncc, amount of KCl left in the solution
= 2.000 x 10™ mol - 1.000 x10” mol
= (2.000~1.000) X 10" mol
= 1.000 X 10™ mol
Volume of the solution = (10 + 20) cm’ = 30 cm®

- —2
Molar concentration of CI° = % X 1000 M

or [CI'] =3333%10°M

(iv) Calewlation of K,

Now using Eq. 9.3, we can calculate the solubility product of AgCl as shown below:

K, = |Ag']|Ci] = (107" x 3333 x 107

9.3.6- Result

The solubility product of sitver chloride at ......... °C = s

Literature valuc a1 25°C = 1.5 x 10'“i

94 SUMMARY

In this unit, you had studicd two experiments — one for determining the pH of solutions and
the other for delcrmining the solubility product of a sparingly soluble salt silver chioride.
These experiments are based upon Lhe applications of measurement ol emf of galvanic cells.
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APPENDIX - 1 Appleallons of Emf

Measurements

Hydrochloric acid : 1.00 x 107 M : Using a burette or a measuring cylinder, transfer in small ; )

Iots 9 cm’ of concentrated hydrochloric acid to a-500 cm® volumetric flask which coataing ;ﬁ; llco so’;':ﬁs:::m b
about 250 cm’® of deionised water. Shake the flask after the addition of each lot. Make up  prepared by d;_.;sc,"-n; 1_;;,.5 £
the solution to the mark with deionised water. Let this solution, say solution (A),is of anhydrous sodium carbonate
approximately 0.1 M, Now titrate this solution against 1.000 x 10™' M sodium carbonate L’L;‘;Lﬁd"mz‘:"ﬂn‘yﬂ of y
solution using methyl orange indicator. Calculate the molarity of HCI solution (A) by using up 10 the mark in a 250 cod  ©
the following formula: volumetric flask.

2 Mayco, * Naco, = Mua - Vua
Let the mblarity of the HCl solution (A) be.x mol dm™.

Prepare HClsolution of 1.00 X 10°M concentration by diluting appropriate volume of HCI
solution (A} with deionised water. Volume of solution (A) required can be calculated by
using the formula,

M |V| = Msz
: Mz Vz
or V] = Ml -

Thus, volume of HCl solution (A} required to prepare 1 dm’ of 1.00 X 102 M HCI

100 X 107° M X 1000cm® 10
= = —cm
xrM x

Therefore, take 10/x cm’ of HCl solution (A) and dilute to 1 dm® with deionised waler in a
volumetric flask. The conceatration of this HC! sofution would be 1.00 % 1072 M.

Aceticacid : 1.00 x 10°> M : Using a burette, transfer 1.5 e’ of glacial acetic acid into a 250

cm’ volumetric flask conlaining 100 cm’ of deionised water and make up the solution to the - Details of preparation of standard

mark. This solution say, acetic acid (A), is approximately 0.1 M. Find out the exact molarity ~ NaOH solution are given in
of this solution by titrating against a standard solution of NaOH using phenolphthalein
indicator. Let the exact molarity of acetic acid {A) be y mol dm™.

Now prepare 1.00 X 10”7 M acetic acid by diluting appropriate volume of acetic acid {A) with
deionised water. Volume of acetic acid (A) required can be calculated by using molarity

equation MV, = M,Vs. Thus, volume of acetic acid (A) required to prepare
-2 3
1dm’ of .00 X 10" M acetic acid = 290 X 10 J:‘;{Ax 1000 cm
_lgew’
¥

Therefore, take 10y cm® of acetic acid (A) and dilute with deionised water to 1 dm®in a
volumetric flask. This would give an acetic acid solution of concentration 1.00 X 107 M.

Appendix-II to Unit 12 of this Block.
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APPENDIX - 11

Copper sulphate :1.000 X 10 M : D:ssolvc 12484 ¢ of A. R, CuSQ..5H;0 in dcionised water
and make up the volume to 500 cm® in a volumetric flask. Before making up the volume, add

5cm’ of acetic acid to prevent hydrolysis.

Potassium chloride : 1.000 X 10" M : Dissolve 3.728 g of AR. KCl in deionised water and
make up the volume to 500 ¢m’ in a volumetric flask.

Silver nitrate : 1.000 X 107 M : Dissolve 16.987 g of AR. AgNQ, in deionised water and
make up the volume to 1 dm® in a volumetric flask.

Silver nitrate : 5.000 x 107 M : Dilute 250 cm® of 1.000 X 107 M AgNO; to 500 e’ with
deionised water in a volumetric flask.

Silver nitrate : 1000 x 107 M ; Dilute 50 cm’ of 1,000 x10° M AgNO; to 500 cm® with —

deionised water in a volumelric flask.

Silver nitrate : 5.000 x 10” M : Dilute 25 cm’ of 1.000 X 10”' M AgNO; to 500 cm’ with
deionised water in a volumetric lask,

Silver nitrate : 1.00D x 10° M : Dilute 10 cm’ of 5.000 x 10> M AgNO; to 500 cm® with _
deionised water in a volumetric flask.

Silver nitrate : 5,000 x 10™ M : Dilute 25 cm’ of 1.000 x 10> M AgNo, to 500 cm’ with
deionised water in a volumetric flask.

Silver nitrate : 1.000 X 10~ M: Dilute 10 cm’ of 5.000 x 10™ M AgNO; to 500 cm’ with
deioniged water in a volumetric flask.
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UNIT10 ADSORPTION

Structure

10.1 Introducticn
Objectives :

10.2 Adsorption on Solids
Physisorption
Chemisorption

103 Adsorption Isotherms

104 Experiment 10:  Adsorption of Oxalic Acid from Solution on Activated Charcoal
Principle .
Requirements
Procedure
Observations
Calculations
Result

10.5 Summary

10.1 INTRODUCTION

Adsorption is an important surface related phenomenon which has many practical applica-
tions. Use of activated charcoal in gas masks for removal of harmlul gases from air, use of
activated charcoal or Fuller’s earth in decolorisation of solutions before crystallation, use of
ion exchange resins in demineralisation of water, heterogeneous catalysis, concentration of
ores by froth flotation process, etc. are only some of the examples which depict the applica-
tions of adsorption. In this unit, we shall discuss an experiment which is based on adsorption

phenomenon.

After studying this unil and having performed the experiment described in Lhe unil, you
should be able to :

Objectives

cite applications of adsorption,

differentiate between adsorption and absorption,
define physisorption and chemisorption,
describe adsorption isotherms, and

sludy adsorption isotherms for adsorption of oxalic acid on activaled charcoal.

10.2 ADSORPTION ON SOLIDS

In Unit 4, you studied that the molecules on the surface of a liguid expericnce an inward
pull. The liquid surface is thus in a slalc of unsaturation. The surfacc of a solid also behaves
in a similar manner. In asolid, the ions or the molecules at Lhe surface of a solid do not have

all their valancies satisfied by union with other particles. Such forces also arise due lo Lhe-

fact that when a new surface is created by breaking a solid, some interatomic bonds are
broken and some of (he valancies of surface aloms are lelt unsatisfied. As a result of these
residual forces, the surface ol the solid has alendencyto atiracl and relain available molecules
and particles towards itsell; such a condition is helpful in decreasing the surface encrgy of a
solid. The moleculesso attracted are retained on the surface of the solid and do not go deeper
into the bulk. Their concentration is more on the surface than in the bulk of the solid. This
phenomenon of accumulation (higher concentration) of a substance on the surface of another
substance is called adsorption. The substance that accumulates on the surface is the
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adsorbate and the underlying solid is the adsorbent. For example, charcoal adsorbs acetic
acid when kept in contact with it; here, acetic acid is adsorbate and charcoal is adsorbent.

Adorption should be clearly differentiated from absorptlon In absorption, the substance is
not only rctained on the surface but passes through the surface and is distributed throughout
the bulk of the solid. Thus, anhydrons calcium chloride absorbs water to form a hydrate,
while charcoal adsorbs acetic acid from its solution. Somelimes Lhe term ‘sorption’ is used
when there is a doubt whether a process is true adsorplion or absorption.

103 PHYSISORPTION AND CHEMISORPTION

Dcpcndmg on the type of interaction between the adsorbate and the adsorbent, adsorption
is of two lypcs-—physmorpﬂon (physwal adsorption) and chemisorplion (chemical adsorp-
tion).

10.3.1 Physisorption

If the adsorbate molecules are wcaklybound tothe adsorbent, it is classified as physisorption.

It is also known as van der waals adsorpuUon since the forces involved are of van der waals

type. The lorces are of the same magnitude as are involved in Lhe liquefaction of gases. The
enthalpy decrease (- A H) associated with physisorption is much low (less than 40

kI mol™") and is of the same order as the cnthalpy of condensation of the adsorbate.’

Increase of temperature is not favourable to physisorption. Adsorption of gases by charcoal
is an example of physisorption. Physisorption is generally independent of the chemical nature
of the adsorbate. All gases exhibit physisorption.

1032 Chemlsorpllon

Chemisorption is very specific and can occur only if the adsorbatc is capable of forming

. a chemical bond with an active centre on the surface. The enthalpy decrease associated with

chemisorption is much high (between 40 kJ mol” and 400 kJ mol™"} and is of the order
of bond enthalpies. Many chemisorption processes involve aclivation energy as in a chemical
reaction. In such cases, the rates of chemisorption and desorption increase with temperature
in contrast with the rate of physisorption . Adsorption of nitrogen on iron surface at 770 K
is an example of chemisorption. Chemisorption resulls in release of large amounts of energy
and chemisorbed nitrogen is present as nitrogen aloms but not as molccules.

At room lemperature, iron does not adsort nitrogen at all. But as temperature is lowered
and brought near 80 K, the boiling point of liquid nitrogen, iron adsorbs nitrogen gas
physically as N; molecules.

10.3 ADSORPTION ISOTHERMS

Adsorption on solids can be from gaseous phase as well as from liquid solution. Extent of
adsorplion in any casc of adsorption is defined as the quantity of adsorbate held on a unit
mass of the adsorbent, The extent of adsorplion at cquilibrium depends on a number of
lactors such as:

¢ lcmperalure ot equilibrium,
¢ the'chemical nature and surface area of the adsorbent, and

o the chemical naturc and the conéentration (pressure in casc of gases) of the adsorbate.

Of particular interest is the relationship between the extent of adsorption and the concentra-
tion (pressure) of the adsorbate at equilibrium. This relationship is studied at constant
temperaturc and so is called adsorption isotherm.  In general, experimental isotherms lake
avaricly of forms. In Unit 21 of the CHE-04 course, you might have studicd Freundlich and
Langmuir adsorption isotherms for adsorption on solid surfaces. Here,we shall discuss an
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experiment to show that the adsorption of acetic acid from solution on activated charcoal
follows Freundlich and Langmuir adsorplion isotherm equations.

10.4 EXPERIMENT 10 : ADSORPTION OF OXALIC ACID
FROM SOLUTION ON ACTIVATED CHARCOAL

Activated charcoal is a very good adsorbent. When activated charcoal is added to an aqueous
solution of oxalic acid, and the contents are allowed to attain cquilibrium, oxalic acid is
adsorbed on charcoal. Objectives of this experiment are to show that

e the extent of adsorption of oxalic acid from solution on activated charcoal increascs as
equilibrium concentration of oxalic acid in solution increases, and

e the adsorption of oxalic acid from solution on activated charcoal follows Frcundlich and
Langmuir adsorption isotherms.

10.4.1 Principle

For adsorplion of a substance from a solution by a solid adsorbent, Freundlich gave an
¢mpirical equation, which is known as Frepndlich adsorplion isotherm. This equation, as
shown below, gives the relationship between the amount of the adsorbate (x) adsorbed by a
particular mass (71) of the adsorbent and the cquilibrium concentrataion (c) of the adsorbatc
at a particular temperature, i.c.,

X
= =Kc'®
m

e (10.1)

where K and n are constants,

Taking logarithm of bath the sides, we gel

X 1
Iogm = logK + - logc

If the plot of log ﬁ against log ¢ is a straight line, it means that the adsorption [ollows

Freundlich adsorption isotherm. The slope of this line will be equal to 1/ and the intercept
will be equal to log K. Sincex/m and ¢ are fractions (i.c., less than 1), log x/m and log ¢ will
be negative quantities. ' :

Since it is casier to plot with poéilivc quantities, we shall multiply both sides of the above
equation by (-1} and write,

—logx/m = —logk -—% loge

or —logx/m = ~logK + ;1; (~logey (10.2)

Hence, make a plot of (- log xfmt) agaiost (-log c) to verify the observance of Freundlich
isotherm. The plot should be a straight line. The slopc of this linc will be equal to 1/t and
the intercept will be equal to log K ' .

Langmuir derived another relationship between the amount adsorbed and the equilibrium
concentration of the solute by making certain basic assumptions. This you might have studied

in Unit 21 of the CHE-04 course. This relationship can be written as:

(219
1+ 8¢

£ _
m

1+&

Taking inverse, 1/(x/m ) = p”

Adsorptlan

Aclivated charcoal can be
obtained by heating wood

charcoal between 625 K and 1275
K in vitcuum, air, sicam, chlorine
or carbon dioxide. During heating,
hydrocarbons and other impuritics
are removed from charcoal leading
Lthereby to a large surface area for
adsorption. The resulling
substance is called activated
charcoal.
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c _ 1+fe
or xm @

c _ 1, fc -
or %——34-? ..... (10.3)

where a and 8 are constants.

This ¢quation can be verified by plotting ¢ /(x/m) against ¢, which should result in a straight
line. The slope of the line will give 8/a and the intercept will give 1/a. Hence, the values of
constants a and 8 can be evaluated experimentally,

In this experiment, a known mass (n1) of activated charcoal is added to an agueous solution
of oxalic acid of keown initial concentration (¢;). The contents are shaken for some time and
allowed to attain equifibrium. Some oxalic acid is adsorbed on activated charcoal. Solution
is filtered. The equilibrium concentration of oxalic acid (¢) is determined by titrating the
filtrate against a standard solution of potassium permanganate. For this purpose, Eq. 1.15
of Unit 1 of this course can be used: | : .

e (1.15)

The value of x {i.e., the amount of oxalic acid adsorbed) can be calculated from the change

2 Mu,c0, * V0. = 5 Mxano, - ViMno,

in concentration due to adsorption (i.e., ¢; - ¢) and the initial volume of the solution (i.e., 100

cm’) as follows.’

You can recognise that the concentration of oxalic acid decreases due to adsorption on the

aclivated charcoal. Hence, whatever amount of oxalic acid is adsorbed on the charcoal will

be equal to the decrease in t_hc amount of oxalic acid in the solution.

Decrease in the concentration of oxalic acid

= (Initial concentration of oxalic acid) — (equilibrium concentration of oxalic acid)
=¢—C ' ) P .
The amount of oxalic acid adsorbed (x)

= Decrease in the amount of oxalic acid in the solution

= Decrease in the concentration of oxalic acid X Volume of solution in do’
(as per Eq. 1.12 of Unit 1 of this course)
100 (10.5)

= (ci-¢) xﬁ- R

We intend to verify the observance of Freundlich isotherm and Langmuir isotherm by
graphical method. For this, we need atleast five variations. So you have to perform the
experiment with five oxalic acid solutions having different initial concentrations and each
timc determine x, ¢ and m. You cnter these values in Table 10.2. For the purpose of making
the plot, the modificd values are entered in Table 10.3. Finally, the following plots are made:

(i) -logx/m against -16g ¢ (to verify Freundlich isotherm)
(i) c/(xim) against ¢ (to verily Langmuir isotherm)

You must gel a straight line in both the cases verifying the observance of both the isotherms.
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104.2 Requirements

Apparatus
1. Burette 50 cm® 2 Nos.
2. Pipetles 25, 20 and 10 cm’ 1 No. each
3.  Stoppered bottles or comcal flasks

with corks, capacity 250 cm’ 12 Nos,
4.  Funnel 6 Nos.
5. Watch glasses 6 Nos.
6.  Large water trough 1 Nos.
7.  Thermometer 1007 - 1 No.
8.  Glazed paper 5cm X 5 cm. 7 Nos.
Chemicals
1.  Activated charcoal 15g
Stock Solutions Provided
1. 2000 x 10" M Oxalic acid 200 e’
2. 2,000 x 10 M Potassium permanganate 500 com®
3. 2 M Sulphuric acid 200 cm®

10.4.3 Procedure

Standard solutions are provided Lo you (o save your time which you shall need for this rather
long experiment. Strengths of oxalic acid solutions are estimated by titration against KMnO,
solution using an excess of dilute sulphuric acid. Please carry out a blank titration of dilute
sulphuric acid solution (o confirm that it does nol need any KMnO, solution. If it does, a
correclion must be made in all the titre values. The solution to be titrated will need to be
warmed to 60°C before starting the titration, 60°C is a temperature which is very uncomfort-
able to bear on the reverse side of the hand. Over heating must be avoided. Reheating during
the titration will not be necessary as the Mn®* ions produced in the reaction catalyse the
reaction. The reaction equation for the litration is;

2KMnO; + 3 H;80, + 5 (COOH), K:S0, + 2 MnSO, + 10 CO; + 8H,0

Set up two 50 cm’ buretles, rinse onc of them with 2.000 X 107 M oxalic acid and the other
with distilled water,

Take six 250 cm’ dry stoppered bottles or corked conical ffasks. Label them as A, B, C, D
Eand F. With the help of burettes measure into these, in order from A to E,

(i) 50 cm’, 40 cm®, 30 cm’, 20 cm® and 10 cm® of 2.000 X 10™' M oxalic acid, and then
(i) 50 cm’, 60 cm®, 70 cm’, 80 cm® and 90 e’ of distilled water, rcspcctivcly. :

so that the total volume in each case becomes 100-cm’. Measure 100 cm® of dl.Sll”Cd watcr
into bottle E,

Place all the six bottles in a thermostat or water trough and set them aside to acquire the
temperature of the bath. Mcasure the temperature of the bath.

Take seven glazed paper pieces which are of equal mass. Place onc of these paper pieces on
Lhe leflt pan. Place a 2 gram weight over it. Place the other glazed paper picces onc by one
on the right pan and cach time weigh 2 gram of charcoal powder. Keep the weighed powder
aside under watch glasses or funnels to avoid loss by air currents or spilling. When all the six
powders have been thus made ready, our experiment begins. All (he operations to follow will
be carried out with the six bottles in the same sequence.

Carefully pour weighed charcoal powder into solutions of bottles A to F and closc each of
them. Shake each of the bottles for two minutes and place it back in the water trough. Do
it repeatedly for about an hour and half. Long contact periotls like keeping overnight should
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not affect the results. If they dv, presence of reactive impurities in the charcoal powder can
be suspected. Shorter intervals will not be enough for the adsorption equilibrium state to be
reached due to the heterogeneous porosity of the charcoa.l powder.

Label the remaining six dry bottles A’, B, C', D’, E' and F’ to correspond tu the bottles
A to F. Place one funnel on each bottle. In each funnel set one high'quality small dry filter

‘paper. When all this is set, shake Lhe bottles A to F-for the last time and allow the charcoal

to settle. Record Lhe temperature of water in the trough used for thermostating. In turn,
take these bottles one by one in Lhe order A to F and filter their contents into the correspond-
ing botlles A’ to F'. Each funnel should be covered with a watch glass to prevent
evaporation of solution during filtration. In each case reject about half a test-tube full of
filtrale coming out initially (since initial filtrate will have a slightly reduced concentration of
the acid due to adsorption of the acid by the dry filter paper used). After filtration, remove
the funncls along with the watch glasses, filter papers and used charcoal, Stopper the bottles
A'toF’. Titrate the contents of each bottle (from A’ to F') against the standardized KMnO,

solution.

Keeping in view the varicd concenlrations of oxalic acid in bottles A' to F', the volumes of
oxalic acid Lo be taken in cach case for titration are indicated below:

(i) 10cm’from A’ and B’
(i) 20cm’ from C’ and D'
(i) 25cm’ from E’ and
(iv) 40 cm’ from F’.

The volume of oxalic acid is taken as above for carrying out Lhe titrations conveniently.

For cach titration add one test tube full of 2 M H,S0, warmed to 60°C approximately to .

the flask and titrate against standard KMnOj solution [rom the burette. End point will be
marked bythe appearance of a light pink colour. In order to facilitate concordant titre values,
you have been asked to do three titrations using solution from each bottle. The results of
titrations arc (0 be recorded in Table 10.1.

Observations :

Temperalure of water in trough (i) Initial =..°C
(ii) Final =_..°C
Total volume of oxalic acid solution in cach bottle = 100 cm’

Total mass of charcoal powder added to each bottle = 2 g

Molarily of stock solution of KMnO, = 2.000 X 107 M (standardized)

Table 10.1 ; Titrution data for Solutions A’ o F’

si.| Sem. | (Volume Initiol Final (Volume of KMnO,
No. Na. taken)/em’ burette burette consumed)/cm”
reading reading

L AL 10

2. A’ 10

3. A’ 10

4| B 10

5 B’ 10

B EY 3 r] A ey~ e T B v

TOST T T

e

RUn s TRt b Fa T e

I e D e el

L. 2. U]

o —— — a1




6| B 10
.| o 20
g | c 20
9| c 20
w| D 20
11 D’ 20
2| b 20
B.| E 25
uw| E 25
5. E 25
6. F 40
17.| P 40

If KMnO, solution required for the filtrate from bottle F is morc than a few drops (say 3
drops), corresponding correction must-be made in the titre values of the remaining bottles.

10.4.4 - Calculations
Initial concentration (¢

You can calculate the initial concentrations {c;) of solutions A to E as follows:

. 50

Solution A ; Tog X 2000 X 107'M = 1000 x 10°'M

40

Solution B o0 X 2000 x 107'M = 8000 X 107 M

30

Solution C - 100 ¥ 2000 x 107"'M = 6.000 X 102 M

Sclution I : % X 2000% 107'M = 4.000 x 107 M
10

“00 X 2000 X 107'M = 2000 X102 M

Solution E ;

The values arc entered in Table 10,2,

Equilibrium concentration ©)

Calculate the cquilibrium concentrations (¢} of solutions A to E i.e., the molarities of
solutions A’ to E' by using Eq. 1.15 given in Section 10.4.1. Enter the values in Table 10.2,
Amount of oxalic acid adsorbed

Calculate the amount of oxalic acid adsorbed (x) by using Eq. 10.5. Enter (he values in Table
10.2 '
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Nole that M. mol and g are
units for concentration, amount

@nd mass, respeciively.

.

Table 10.2: Data for Adsorption of Oxalic Acid on Charceal

Soln. a (/M) x/mol mig (xim)/ (mol/g)

No.

A | 1000 x 107!
B | 8000 x 1072
6.000 x 1072

4000 x 1072

m O O

2.000 x 1072

Determine the values of log ¢, -log ¢, log (x/m), —log (x/m) and ¢/(x/m). Enter these values
in Tablc 10.3.

Table 103 : Data for Plotting Graphs

Soln.| /M loge/M | -logc/M | log (x/mrg/mol) | —log (x/m.g/maob) | {c/(x/mr)} X
Ne. ] (mol/g.M)
A
B
C
D
E

To verify that the adsorplion of oxalic acid follows Freundlich and Langmuir adsorption
isutherm cquations, plot the following graphs:

For Freundtich isotherm : ~log {x/m) versus -log ¢
For Langmuir isotherm : ¢/(x/m) versus ¢

The graphs obtained should be straight lines.

10.4.1 Result

1} It is evident from the values of ¢ and x/mt thai the extent of adsorption increases as the
cquilibrium concentration of oxalic acid increases.

ii) Graph plotied betwcen -log (x/m) and -log c comes outtobe a ...veueenee.

ii) | Graph plotted between ¢/(x/m) and ¢ comes ouLtO bE a..eevvveeeen. —

10.5 SUMMARY

In this unit you studied adsorption,; physisorption, chemisorption, absorplion and sorption.
You were tlold howto study the adsorption of oxalic acid from aqueous solution on activated
charcoal. )
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APPENDIX - I

Oxalic acid : 2.000 X 10”' M : Dissolve 25.20 g of (COOH)»2H,0 in deionised water and
make up the volume to 1 dm’, -

Sulpburic acld : 2 M : Take 900 cm’ of deionised water in a 2 dm® beaker. Carefully add to
it, 112 cm’ of conc. H;SO, drop by drop with constant stirring. Be careful, the reaction is
highly exothermic. .

Potasslum permanganate : 2.000 X 10~ M : Dissolve 16 g of KMnO, in 5 dm’ of distilied
water. Standardise this solution by titrating against 2.000 X 10" M oxalic acid.

Fill up the burette with the KMnO, solution and mount the burette or a stand. Take 5 cm’
of 2.000 % 10™" M oxalic acid solution into a conical flask and add to it one test tube full of
2 M H;S0, warmed to 60°C approximately. Add KMnO, solution drop by drop and shake
the conical flask continuously. The end point will be marked by the appearance of a light
pink colour. Note down the volume of KMnOj required for the titration. Repeat thetitration
till you get two concordant readings. Calculate the exact molarity of the KMnO, solution
using Eq. 1.15 given in Unit 1 of this course (molarity of the solution would be around
0.02 M). '

2 Mu,c0, * Vity0,= 5 Miuno, * Viemoo, . (115)

Use the exact molarity of KMnO, solution in your calculations.
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UNIT 11 PHASE EQUILIBRIA -1

Structurg

11.1 Introduction
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11.2 Delfinition of Terms
Phasc Rule
Application of Phase Rule to Two Component Systems
113 Experiment 11: To Construct a Phase Diagram for Naphthalene-Benzoic Acid
Syslem
Principle
Requirements
Procedurs
QObsenations
Result
11.4 Summary
115 Terminal Questions
11.6 Answers

11.1 INTRODUCTION

In Unit 13 of the CHE-04 course, you studied the phase rule and its applications to various
one component and two component systems in equilibrium. The phase rule helps us in
understanding the effect of various parameters such as pressure, temperature and composi-
tion on the phase equilibria of a system. It also helps us in understanding many metallurgical
pracesses {¢.g- Paltinsons process [or Lhe extraction of silver) of great practical value. In this
unit, we will describe an experiment for constructing the phasc diagram for a simple eutectic
systém consisting of two components.

Alter studying this unit and having performed the experiment described in it, you should be
able 10:

define the terms phase, componenl and degrees of frecdom,
calculate the number of phases, components and degrees of frecdom in a system,

state the phase rule,

apply the phase rule to the study of 2 two component system, and

construct the phase diagram for a simple culeclic system.

11.2 DEFINITION OF TERMS

Before we proceed further, let us deline somc of the terms involved in phase cquilibria.

Phase

Phasc (P) is defined as a physically distinct and homogeneous part of the system that is
mechanically scparable from other parts of the system. The delinition as suggested by Gibbs
is that a phase is a state of matter that is uniform throughout, not only in chemical composition
but also tn physical state.

Lel us discuss some examples for counting the number of phases in a system.

® A gas or a gaseous mixturc is a single phase since there cannot be an interface belween
onc gas and another. Air, lor example, is in one phase only although it is a mixturc of
mary gascs.

® A sysicm of totally miscible liquids will exist in one phasc only as far as the liquifi is
concerned. But since cach liquid has its vapour above, the total number of phases in a
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system of miscible liquids is two, one for the liquid and the other for vapour. These two
phases are separated by the surface of the solution in the liquid phase.

® A system of two immiscible liquids has a total of threc phases, two being for the
substances in the liquid state and another for the vapour phase containing vapours of
both the liquids. . _ .

® - Acrystalis a single phase. Different solids having different crystal structures constitute
different phases, irrespective of the fact whether they have same chemical composition
or not. A mixture of graphite and diamond constitutes two phases although both are
only allotropic medifications of carbon.

Next we take up the definition of the term, component.

Components

The number of components (C) in a system is the smailest number of substances in terms of -

which the composition of all the phases in the system can be described scparately. The
number of components may be smaller than the number of substances that are present in the

. System.

The definition is casy to apply when the species do not react, for then we simply count their
number. For example, phase equilibria conlaining ice, water and its vapour is a one
‘component system since the composition of each phase can be expressed in terms of the
component, F;0, only. A mixture of ethanol and water is a two component system.

If the species react chemically and are at equilibrium, we have to take into account the
significance of the phrase’ ali the phases’ in the above definition. Dissociation of calcium
carbonate in a closed vessel is a two component system although at the first look it may appear
" to bave three components, namely, CaCQ;, CaO and CO.. '

CaCOy(s) T=———=— Ca0(s) + COg)

You can see that the composition of any one specics is related to the other two and the
dissociation of calcium carbonate is, therefore, a two component system. }

In the case of solid ammonium chloride being heated in a closed vessel, there is ancquilibrinm
between the solid ammonium chloride and its vapour {which consists of ammonia and
hydrogen chloride molecules). Since both the phases have the formal com position ‘NH.CF,
iLis a one component system. However, il ammonia or hydrogen chloride is added to the
system, the system has two components because now the relative amounts of hydrogen
chloride and ammonia are not the same.

If there are 5” substances (may be chemical compounds or jonic species) and ‘R’ relations
(which include equations representing chemical equilibria or.charge neutralily) among them,
then the number of components (C) can be calculated using the cquation,

C=S-R e (11.1)

To illustrate this, we can consider two cxamples. -If you consider a solution of glucose in
"walcr, there are two substances and hence S = 2.

But there is ho relation betwecn them and so R = 0, therefore, C = 2 and this is a two
componcnt system.

Let us reexamine the equilibrium of ammonium chloride with its vapour contatning NH; and

HCI molecules. Here S = 3 since therc are three substances, NH,Cl, NHy and HCI. But

R = 2since there are two relations as shown below:

(1) NH.Cl(s) ==————=NH,(g) + HCI(g)

(2) Concentration of NH, = Concentration of HCI.

Therefore, C = § — R = 3 — 2 = 1. This is a one component system. If extra HCI(g) is
added, then the second relation given above no more holds. That is,R = 1although§ = 3.
This is, therefore, a two component system,asC =S — R =3-1 = 2.

Phase Equilibrig.]
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Degrees of Freedom

The number of degrees of freedom (F) or variance of a system is the smallest number of
intensive variables such as pressure, temperature and composition which are to be specified
to describe the state of the system completely.

® IfF = 0, the system is invariant and this means none of the intensive variables can be
changed.

e IncaseF = 1, the system is univariant and one of the intensive variables can be changed.

e Forabivariant system F is equal to 2, and two of the intensive variables can be changed.

The phase rule relates the degrees of freedom (o the number of phases and the components,
Before studying phase rule, try the following SAQs.

5AQ1
Calculate the number of phases in the (ollowing cases:

a) A closed beaker partially filled with (oluené and water;

b) A closed beaker partially filled with acetone and water.

SAQ2
Calculate the number of components in the following cases:
a)  Dissociation of ammeonia in a closed vessel;

b)  Dissocialion of ammonia in a closed vessel containing nitrogen.

11.2.1 Phase Rule

In 1876, Willard Gibbs deduced a simple relationship among the number of phases in
equilibrium, the number of components and the number of intensive variables known as
degrees of freedom. This relationship is known as phase rule.” According to phase rule, in
a heterogeneous equilibrium, not influenced by gravitational, electrical or magnetic forces,
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the number of degrees of freedom (F) of the system is defined by the numbcr of components
(C) and the number of phases (P) according to the equation,

F=C~P+2 (1]2)
Once the values of C and P are known, F can be.calculated.

Let us take up some éxamples to understand Eq. 11.2. In the vaporization equilibrium of
water (C = 1), there are two phases (liquid and vapour) and hence, F = C—P 4+ 2 =
1 —2 + 2 = 1. That is, specifying pressure or temperature fixes the other, This is all the
more understandable from the general statement Lhat at a particular temperature, vapour
pressure of a liquid is constant. If all the three phases, ice, water and its vapour, are to be in
cquilibrium, then F = 1 — 3 + 2 = (; that is, the system is invariant and this means, all the
three phases of water are in equilibrivm only at a fixed temperature and pressure. Any effort
to change pressure or temperature results in the disappearance of one of the phases.

H you are interested in knowing more about the phase rule, refer to Unit 13 of the CHE-04
course.

11.2.2 Application of Phase Rule to Two Component Systems

Two component systems are also known as binary systems, When a single phase is present
in a two component system, phase rule states that F = 2 -1 + 2 = 3. This requires three
variables in order to specify a system. We must have a phase diagram in 1hree coordinate
axes to understand such a system. Since it is quite difficult to understand such a diagram, it
is simplified as a two dimensional plot, keeping one of the three variables constant, In this
case, cach type of equilibria is studied separately. Thus the usual practice is to study
liquid-gas, liquid-liquid, solid-liquid and solid-gas equilibria individually. We concentrate
our attention oa the solid-liquid equilibria in this section.

Phase Rule for the Condensed System

Solid-liquid equilibria are characterised generally by the absence of gas phase and are not

much affected by small changes in pressure. Systems in which the gas phase is absent are
- called condensed systems. Measurements on solid-liquid equilibria in condensed systems

are usvally carried out at atmosphcric pressure. Because of the relative insensitivity of such

systems to small variations in pressure, the pressure may be consndcrcd constant. For such
~ a system, the phase rule takes the form,

F=C-P¥1 (11.3)

F=3-p (11.4)

The solid-liquid equilibria arc best represented using tempcrature-composition diagram.
Let us now discuss a method suitable for studying solid-liquid equilibria.

Thermal Analysis

Thermal analysis is a convenient method to study solid-liquid equilibria. In this mclhc;d, '

solids of different compositions are scparately heated above their melting points. The
resulting liquids are cooled. slowly and the cooling curves are constructed by plotting
temperature against time. A break in the cooling curve indicates the crystallisation of a solid,
whereas a horizontal portion in the curve represents the separation of a second solid and
temperature remains constant indicating the presence of threc phases - two solids and a
lxqr.ud AL this point, F = 0. Once solidification is complclc temperature falls gradually
giving a smooth curve again. A typical cooling curve is shown in Fig. 11.1. The portion ab
represents the gradual cooling of a liquid. The portion be, with a different slopc and a break
at b, shows the crystallisation of a solid phase. The horizontal portion cd represents the
separation of a second solid phase alongwith the first and, the temperature halt continucs till
d when the last drop of the liquid is solidificd. The portion de represents the coolmg of the
solid mixture.

Phase Equllibria-1

R PP TS ST M e v £~ g § eyt

oo =

I TIRTTE

=t

T T

T OET TRR SIRTEE TYSMOTH Bo o 1T




Applicallons of
Thermodynamlics

32

TIK

tr

Fig. 111 : Cooling curve for two component systems: b denotes the break and cd the
halt, T and ¢ stand for temperature and time, respectively.

Using the temperatures corresponding to the break and the halt in the cooling curves, the
solid-liquid phase diagrams are constructed.

Let us now discuss an cxperiment for studying phase diagram of a two compoenent system
involving solid-liquid equilibria wherein a simple euteclic is formed.

113 EXPERIMENT 11: TO CONSTRUCT A PHASE
DIAGRAM FOR NAPHTHALENE-BENZOIC ACID
SYSTEM

In this experiment, you will construct a phase diagram fora binary system of naphthalere and
benzoic acid, whereln a simple cutectic solid is formed. You know that the mixture of solids,
which has the same overall composition as the liquid phase has, is called an entectic solid

mixture. The liquid phase of an identical composition and in equilibrium with an eutectic -
- solid mixture, is called an eutectic liquid mixture. An eutectic liquid mixture has the lowest

freezing point amongst other neighbouring liquid mixtures baving more of either component.

When a liquid mixture of naphthalene and benzoic actd is allowed to cool, depending upon
the composition of the liquid mixture, purc naphthalene or benzoic acid starts crystalling out
from the mixture. The liquid mixture left behind has a different composition from the initial
liquid phase. It will be poorer in the component separating out as solid. The remaining liquid
will have a lower freezing point than the initial liquid and the freezing point will progressively
decrease as more and more of the solid separates out. This happens up to a certain
characteristic composition of the liquid phase, when whole of the liquid phase freezes without
any further change in iemperature. At this point, a temperature halt is observed. The solid
separating out at this stage is called an eutectic solid, and the temperature and composition
of the liquid mixture are called eutectic temperature and eutectic composition.

Liquid mixtures of naphthalene and benzoic acid of varying composition dre allowed to cool
Freezing point (temperature at which the separation of solid phase just starts) and tempera-
ture halt for various mixtures arc notcd. You should note that the temperature halt will be
the same for all the mixtures irrespective of their composition because the composition of
the solid phase (eutectic) is same in all the cases. A graph is plotted between composition
of the mixture and its freczing point. This is the phase diagram for this eutectic syster.

113.2 Requirements

Apparatus ) Chemicals
1.  Boiling tube 1 No. 1. Naphthalene
2. Tesltubes 11 Nos. 2. Benzoic acid
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Corks : 2 Nos. 3. Liquid paraffin . Phase Equillbria-1

Thermometer 360° 1 No.
Stirrer 1 No.
Iron stand 1 No.
" Bunsen burner 1 No.
Wire gauze 1 No.
Tripod stand - 1 No.
Stop watch ' 1 No.

11.33 Procedure

1

You are provided with 11 samples. Two of these are pu.ré naphthalene and pure benzoic
acid (100%). The other nine samples have composition as indicated below:

Sample No. 1 2 3 4 5 6 7 8 9 10 1

" % Naphthalene 100 90 80 70 60 S50 40 30 20 10 0

4-.

The percentages indicated are mass by mass. For cxample, éamplc no. 2 is 0%
naphthalene mass by mass. This means, 10 g of the mixture is prepared from 9 g of
naphthalene and 1 g of benzoic acid.

Melt the first sa;mplc _(i.c. pure naphthalene) by placing the Lest tube in the hot liquid
paraffin bath. When all the crystals of the solid have melted and a homogeneous liquid
phase is obtained, remove the test tube from the bath. , '

Wipe the test-tube clean and fix the thermometer and the stirrer into it through Lhe cork.
Now with the help of another cork, [ix the test- tubc into the boiling tube which

provides an air-jacket (Fig. 11.2)

Stirrer {sff
COPPET Wire)

AN

7///

“

Test ube

Mi.xtum/

P

Boiling tmbe

Fig. 11.2 ; Determination of freezing point and temperature-kalts.

Stir the mixture slowly with the stirrer and observe the temperature every half-minute.
Note the temperature at which first crystals of the solid arc formed (i.e., freczing point).
Allow the cooling to continue and find out the temperature or temperatures at which the
liquid-solid system shows temperature halts, before complete solidification. Lowest
temperature halt will be the eutectic temperature. Enter the data in Table 11.2,
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5. Proceed in a similar manner with the other samples. Record the freczing point and

temperature halt for cvery sample. When the experiment s over, remelt the samples
and return them te bottles marked with respective compositlons for re- use by other
students. You have Lo do this carefully,

6. Construct the phase diagram by plotting a graph between percent composition of

naphthalenc and freezing temperature by laking percent composition on x-axis and
temperalure on y-axis. :

11.3.4 Observations

Table 11.1: Percent Composition, Freezing Point and Temperature Halts for
Various Samples

Sample No. 1 % Naphlﬁalene Freezing Point Temperature halts
1 100
2 90
3 80
4 70
5 60
6 50
7 40
8 30
9 20
10 10
11 0

11.3.5 Result

Phase diagram for the naphthalene-benzoic acid system is shown in graph.

11.4 SUMMARY

In this unit, we defincd the terms phase, component, degrees of freedom, eutectic and the
phasc rule. Also, we described an experiment for constructing the phase diagram for a binary
liquid-solid system having naphthalene and benzoic acid as componenls.

"11.5 TERMINAL QUESTIONS

1.  Fill in the blanks with appropriate word:

a) The physically separable and homogencous part ofasystemiscalled

b) The number of independently variable constituents by which the, composition of
each phase can be determined is called -

¢) The reduced phase rule equation is
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d)

e) -

The lowest temperature at which any liquid mixture can exist is called
temperature. .

The smallest rumber of independently variable factors which must be specificd
in order to define the system completely is called

What i5 phacs role oquation?

What is a condensed system?

11.6 ANSWERS

Sell-Assessment (Questions

1. a)
b)
2, a)
b)

Three (two due to toluene and water liquids which are immiscible and, one due
to their vapours).

Two (one liquid and one vapour phase, since acetone and water are miscible).
C = 1as perEq.1L1,since § = 3andR = 2

C=2snceS=3andR =1

Terminal Questons

1. a)
b)
©)
d)

€)

Phase
Components
F=C-P+1

Eutectic

. Degrees of freedom

2. F=C-P+ 2

3. Heterogeneous system in whick the gas phase is absent, is called a condensed system.

Phase Equilibria.l
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UNIT12 PHASEEQUILIBRIA - I
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12.1' INTRODUCTION

In Unit 11 of the CHE-04 course, you were introduced to critical solntion temperature (CST)
of two partially miscible liquids and the distribution law. In this unit, we will describe four
cxperiments which arc based upon these two concepls. You studied that the presence of
small amounts of impurity produccs a very large change in critical solution temperature and
the change in CST values is usually a linear function of concentration of impurity, Thus, the
amount of impurity can be detcrmined by measuring the CST values.

The distribution law can be used to study the state of association or dissociation of a solute
in one or both of the liquid phases. It also helps us in selection of a solvent for extraction of
a compound. ‘

Aller studying this unit and having pcrformcd the experiments described in it, you should be
able to:

define critical solution temperature and state the distribution law,

describe the effect of impurity on critical solution temperature,

determine the CST of partially miscible liquid pairs such as phenol and water,
determine the concentration of NaCl in a solution by the CST method,

determinc the distribution cocfficient of iodine between water and carbon tetrachloride,
and

e determinc the distribution coelficient of benzoic acid between water and toluenc,

12.2  CRITICAL SOLUTION TEMPERATURE (CST)

You studied in Unit 11 of the CHE-04 course that some liquid pairs do not give
homogencous solutions at all compositions. Such liquid pairs are said to be partially miscible
liquids. However, due to increased solubility with increase or decrease of tern perature, these
may become completely miscible. We can explain such a system of liquids using phenol and
water. When 4 very small amount of phenol is added to water at room temperature, it
dissolves complelely Lo give a single liquid phase. However, when the addition of phenol is
continued, a point is reached when phenol does not dissolve any more. At this point, two
phases, i.e., two liquid layers are formed - one consisting of water saturated with phenol and
the other containing phenol saturated with water, Further addition of phenol causes water
Lo shift from water-rich layer to phenol-rich layer. If the addition of phenol is conlinued, a
paint is reached when phenol acts as a solvent for all the water present and the two phases
merge with cach other to form a single phase, i.e., solution of water in phenol. Thus, on
shaking equal volumes of phenol and water, two layers are formed - one of phenol in water
and the other of water in phenol.
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It has been experimentally found that at constant temperature, the cowposition of the two
layers, although different from each other, remains constant as long as the two phases are
present. Such solutions of different compositions ccexisting with each other are termed as
conjugate solutions. The addition of small amounts of phenol or water changes the volume
of the two layers and not their compositions. As the temperature is increased, the behaviour
remains the same except that the mutual solubility of the two phases increases. When the
.temperature reaches 338.8 K, the composition of the two layers becomes identical and
thereafter the two liquids are completely miscible. Thus, at and above 338.8 K, phenol and
water dissolve in each other in all proportions and yield only a single liquid layer on mixing,
The variation of mutual solubility of water and pheno! with temperature is shown in Fig, 12.1.

3388 ' B
-
[ A
36.1%
Loy = 0% CH. Cpy = 100%
Cq = 100% ‘:l" = %

Flg. 12.1: Phenol-water system; cpy, stands for
composition of phenol and cw for composition of water.

Ata particular temperature, say 325K, point A.represents the composition of water-rich
layer and point A,, represents the composition of phenol-rich layer in equilibrium with A.
Between these compositions, all mixtures will yield two layers of compositions A and A,
Outside these compositions, the two liquids are soluble mutually at 325 K. Similar behaviour
is seen at other temperatures below 338.8 K. We can conclude that the domg-shaped area
represents the range of existence of two liquid phases and the area oulside the dome
represents a single liquid phase. The temperature corresponding to the point B, i.e., the
temperature at which the solubility becomes complete is called the critical solution tempera-
ture or the consolute temperature. Since the mutual solubility of phenol and waler increases
with rise in temperature, the critical solution temperature (CST) lies well above the room
temperature. Hence, such liquid systems arc said to possess an upper critical solution
temperature or consolute temperature. Thus, the critical solution temperature, for phenol-
water system 1s 338.8 K. Al and above 338.8 K, phenol and water are completely miscible
with each other in all proportions. At this temperature, the composition of the solution is
36.1% phenol and 63.9% water. At any point C, the relative weights of the two separate layers
are given by the relationship, '

Mass of water rich layer A, C : 121
Mass of phenol rich lager - AC .

There are some liquid pairs (c.g., triethylamine-water) for which mutual solubilities
decrease with rise in temperature. As the temperature is decreased, the mutual solubilities
‘increase and below the consolute temperature, the (wo liquids become miscible in all
proportions. Such systems possess lower consolute temperatures. The variation of mutual
solubility of tricthylamine and water with temperature is shown in Fig. 12.2. Above 291.5 K,
on shaking triethylamine and water, two layers arc formed; but below 291.5 K, triethylamine
and water are completely miscible with each other in all proportions.

Some liquid pairs, e.g., nicotine and water, show both the upper and lower consolute
temperatures. These liquid pairs are completely miscible above a certain temperature
(upper consolute temperature) and below a certain temperature (lower consolute tempera-
ture). The variation of mutual solubilities of nicotine and water with temperature is shown
in Fig. 12.3. Within the enclosed are3, the liquids are only partially miscible, while
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TIK

2915

Cr = 0% Cra Cp= 100°%
Cw = 100% Cw = 0%

Fig. 122: Triethylamlne-water system; cTa stands for
the composition of triethylamine.

outside the enclosed area, they are completely miscible. The composition corresponding to
both the upper and the lower consolute temperatures is the same, i.c., 34% nicotine. Table
12.1 lists the consolule temperatures of some liquid pairs. The two components are denoted
as A and B. :

483

'K

334

M%

0% e ' G = 100%
100% Cyw = 0%

o
=%
o

]

Fig. 12.3: Nicotine-water system; cxt stands for the composition of nicotine.

Eifect of [mpurities on CST Values

The presence of an impurity, dissolved in one or both of the phases, changes the CST values
as well as the liquid phase composition at CST. Substances soluble in only one of the liguids
raise the upper CST and lower the lower CST. For example, one percent solution of sodinm
chloride raises the upper CST of phenol-water system by 12°. About 0.12 molar solution of
naphthalene (insoluble in water) in phenol raises the upper CST of phenol-water system by
about 30°. Substances which are soluble in both the liquids tend to lower the upper CST and
raise the lower CST. For example, sodium oleate is soluble in both water and phenol.
Addition of 1% solution of sodium oleate to phenol-water system lowers the CST value by
45%,
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Table 12.1: Consolute Temperatures of Some Liquid Pairs

Components Consolnte temperature/K
A B Upper - Lower
Water Phenol 338.8 - -

Aniline Hexaoe - 333.6 -

Methanol Carbon disulphide 323.5 -

. Water Dicthylamine _ - 316
Water Triethylamine - 291.5
Water Nicotine . 483 34

Glycerine m-Toludine 393 280

As scen above, the presence of small amounts of impurities produces a very large change in
the CST values. The change in CST values is usually a linear function of concentration of
impurities. Traces of water present in alcohol are estimated by measuring the CST values
for alcohol-cyclohexane system.

As mentioned above, a very small amount of sodium oleate lowers the CST value of
phenol-water system considerably. Thus, by making phcnol completely miscible with water
(by adding appropriate amounts of sodium oleate), lysol-like disinfectants are made.

SAQ1

Fill in the blanks with appropriate word:

() The two liquid layers in cquilibrium are known as solutions,

(i) The temperature at which the two partially miscible liquids first
become miscible in all proportions is called lcmperature. )

(iii) The critical solution temperature is also called temperature.
(iv) A system having lower crilical solution temperalure is

(v) A system having both the upper and the lower critical solution temperatures is

123 EXPERIMENT 12A : CST OF PHENOL-WATER
SYSTEM .

You know that phenol and water constitute a partially miscible liquid pair which has an upper
CST. Objective of this experiment is to determine the CST of this system.

12.3.1 Principle -

In this experiment miscibility temperatures of different mixtures of phenol and water are
determincd. A graph is pletted by taking percentage composition of mixture along x-axis
and miscibility temperaturc along they-axis. Temperature corresponding Lo the highesl point-
on the dome shaped curve gives the CST of the syslem.

12.3.2 Requirements

Apparatos

1. Beaker 250 ¢cm’® 1 No.
2. Boiling tube_ 1 No.

3. Burettes 2 Nos.

4.

Bumer 1 No.

Phase Equilibria-1t
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Stock solution can be
prepared by adding 20 g of
distilled water to cvery 80 g
of phenal.

5. Corks ; 1 No.
6.  Graduated pipette 10 cm® 1 No.
7. Tesl tubes ] 5 Nos.
8.  Thermometer 100° 1 No.
9.  Wirc gauze 1 No.
10. Wirestirrer i No.

Stock Selution Provided

1.  Phenol 80% (mass/mass)

12.3.3 Procedure

Phenol is a highly poisonous and strongly caustic substance. It produces painful burns on
coming in contact with skin. Phenol should be handled with abundant care. In case of
accidental contact with phenol or its solution, wash the affected part with plenty of water and
then apply vaseline.

Set up two burettes, one for phenol solution and the other for distilled water. Take five test
lubes and number them 1 to 5. Then preparc the following mixtures of phenol and water in
test tubes:

Test tube no. ' 1 2 3 4 5 ‘
80% Phenol Soln. (cm®) 100 90 8.0 7.0 6.0
Waler (cm’) 0.0 1.0 2.0 3.0 40
% Phenol (mass/mass) g 72 64 56 48

Take "solution no. 1 in the boiling lube. Fix the wirc stirrer and thermometer in the boiling
tube through the cork and place the boiling tube in the water bath. The bulb of the
thermometer should dip in the phenol-water mixture. The level of water in the bath
should be 1 cm above the level of mixture in the boiling Lube (Fig. 12.4),

The phenol-waler mixture in the lube may give risc to two layers. Stir the mixture with the
wire stirrer. It will produce a cloudiness or turbidity in the tube. Raise the temperature of
the bath slowly while slirring the mixture constantly. Note down the temperature (in Table
12.2) of the bath at which the last trace of cloudiness disappears. Remove the burner and
allow the clear solution to cool slowly while keeping it stirred. Note down the temperature
at which cloudiness just reappears. The average of the two temperatures, which should be
nearly equal, is the miscibility temperuture for the mixture, Transfer the mixture into test
tube no. 1

Il the phenol-water mixture docs not produce two layers, it means that the miscibility
femperature of this mixture is below room temperature. Cool the mixiure with ice-cold water.
Keep on stirring Lhe mixture. Note down the temperature at which cloudiness just appears
in the mixture. Cool the mixture to 4-5° below this temperature and then remove the cold
bath. Aliow the mixture to warm nalurally and note down the temperature at which
cloudiness just disappears. Take average of the two lemperatures, which would give the
miscibility temperature of this mixture.

Find out the miscibility temperature for cach mixture 1o the same manner and record the
values in Table 12.2.' Now dilute the mixtures 1-5 with an equal volume of water (i.¢., 10 cm’).
This will give five more mixtures (no. 6-10) having 40, 36, 32, 28 and 24% phenol, respcctlvcly
Find miscibility lemperatures for these also and record the values in Table 12.2. After the
cxperiment, transfer all the mixturcs Lo a used phenol bottle kept in the laboratory for
recovery of phenol by fractional dislillaliOn

Pilot a graph by taking pcrccntagc composition of mixture along the.x-axis and the miscibility

temperature along the y-axis. Draw a smooth curve through the points. Mark the maximum

peint on Lhe curve. Read the temperature and the composition of the mixture at the maximum
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point from the graph. The temperature for the maximum

solution temperature for the phenol-water system.

Test wbhe

Beaker

Fig. 12.4 : Determination of miscibility temperature.

12.3.4 Observations’

Room temperature =

Table 12.2 : % Composition - Miscibility Temperature Data

point on the graph is the criticat

‘Miscibili!y temperature/°C
SI.No. %Phennl :
Turbidity Turbidity Average
_ disappears re-appears
1 80
2 72
3 64
4 56
5 48
6 40
7 36
8 32
9 28
10 24

- 12.3.5 Result

The critical solution temperature (CST) of phenol-water system =
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Phenol solution can be prepared
as described in Experiment 12A.
Sodium chloride solution can be
prepared by dissolving 1 g of NaCl
in every 100 cm” of solution.

42

12.4 EXPERIMENT 12B : EFFECT OF NaCl ON CST OF
.PHENOL-WATER SYSTEM

In this experiment, you will study the effect of an impurity (sodium chloride) on the CST of
the phenol-water system. You will also determine the concentration of NaCl in an unknown
solution by critical solution temperature method.

12.4.1 Principle

In Section 12.2, you studied that the impurities have a marked effect on the CST of a partially
miscible liquid pair. Sodium chloride is soluble only in water and not in phenol. Therefore,
it will raise the CST of phenol-water system.

In this experiment, the miscibility temperatures for various mixtures of phenol and aqueous
solutions of sodium chloride are determined. A calibration curve (usvally a straight ling) is
plotted between the concentration of NaCl and the miscibility temperature.

The miscibility temperature for a mixture of phenol and the unkoown NaCl solution is also
determined. From the calibration curve, the concentration of unknown NaCl solution is then
obtained.

12.4.2 Requirements

Apparutus

1. Beaker 250 cm’® . 1 No.

2. Boiling tube 1 No.

3. Burcttcs 2 Nos,
4, Burner 1 No.

5. Cork 1No.
6.  Graduated pipette 1 No.

7.  Testtubes 7 Nos.
8. Thermometer 100° 1 No.

9. Wire stirrer 1 No.

10. Wire gauze 1 No.

Stock Solutions Provided
1.  Phenol 80% (mass/mass)

2. - Sodium chloride 1% (mass/volume}

12.4.3 Procedure

Take scven Lest tubes and number them from one to scven. Add 5 cm’ of 80% (m/m) phenol
solution to each test tube with the help of a burette. From another burette add 1, 2,3, 4 and
5 e’ of 1% NaCl solution to test tubes numbered 2 to 6, respectively: Add 5 cm® of unknown
NaCl solution ta the Lest tube numbered 7. Now add 5, 4, 3, 2 and 1 em” ofdistilled waler to
test tube numbered 110 5, respectively. This makes the volume of mixture 10 cm’ in cach test
tube.

Take cach mixture in the boiling tube and find out its miscibility temperature as described in
Expcriment 12A. Record the data in Table 12.3.

Draw a graph between the percentage of sodium chloride (taken as x-axis) and the miscibility
temperature (laken as y-axis). Find out the pereentage of unknown sodium chloride solution
(from (he graph) corresponding to ils miscibility tempcrature, using interpolation method
discussed in Section 2.6 of Unil 2 of this coursc.
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12.4.4 Observations

Table 123 : Compaosition - Miscibility Temperature Data

Test | (Volume of | (Volume of ] (Volume of | % NaClin

Tube phenol 1% NaCl distilled AQUEQDS ' Miscibility
"No. soln, taken)/em® water solution temperature/°C
ta ken)fcm’ takeu){cm’
Turbily | Turbidity | Mean
dis- re-
nppenrs BPPEIIP‘S
1 5 0.0 50 0.0
2 5 1.0 4.0 0.20
3 5 2.0 3.0 0.40
4 5 3.0 2.0 0.60
5 5 4.0 1.0 0.80
6 5 50 0.0 1.0
7 5 50 0.0 . Unknown |
" {Unknown)
12.4.6 Result
Concentration of NaCl in unknown solution = ..... %

12.5 DISTRIBUTION LAW

Distribution law was given by Nernst, that is why it is also known.as the Nernst distribution
law. According to this law, at a fixed temperature, a substance X distributes itsell between
the two immiscible solvents A and B in equilibrium with cach other in such a way that the
ratio of the concentrations of X in the two solvents is constant, provided that the solute X is
in the same molccular state in both the solvents. Mathematically,

Concenlration of X in solvent A _ o P (12.1)
Coancentration of X in solvem 8 = ¢, ~ ©°~ e -

The constant K is called the distribution or partition coclficicnt of the sojute between the two
liquids. It is independent of the (otal amount of the solute added or the amounts of solvents
used or the uniis in which the concentration 1s cxpressed. Generally, it is the convention that
Lhe higher concentration is kept in the numeralor, so thal X is greater than 1.

The value of distribution coefficient depends upon

® nature of the solute
o nalure of the solvent, and
® lcmperalure

The distribution law can be dcrived by taking into account thermodynamic considerations.
Ifyou are interested, you can refer wo Unit 11 of the CHE-04 coursc.

Nernst pointed out Lhat the above stalement of the distribution law is valid only when the
solute undcrgoes no change such as dissaciation ar association in cither of the solvents, If a
solute dissociates into simple molecules or ions, or if it associates to form complex molcules,
then the distribution law does not apply Lo the tolal concentration of the sofule in each of the

two phases. It is applicahle only to the concentration of a particular specics common to both:
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the layers. Let us look at the distribution law in briel in thesc cascs, which we have discusscd
in detail in Section 11.4 of Unit 11 of the CHE-04 course.

When the Solute Undergoes Association

Suppose the solute X undergoes associalion in one of the liquids to form associated
molecules, X, i.c., -

nX — X,

If the concentration of the solute in this liquid is ¢, belore association and that in the other
liquid is ¢;, then the distribution law would be

C1 1/n
'(‘—L = K = constant
(5]

In benzene and toluene solutions, benzoic acid exists as dimeric molecules (i.e., # = 2). In
distribution of benzoic acid between benzene or toluene and water, the distribution lawwould

be

/2

c Vi

g—::l— = ?c-l- = K =constant (]2.2)
2 2

When the Solute Undergoes Dissociation

Let us suppose that the solute X undergoes dissociation into A and B in one of the liquids.
If ¢, is the total conceatration of the solute in this liquid before dissociation, and o is the

dcgree of dissocialion, then we can write
—_—
X — A + B

ci(1-a) cix cix

If the concentration of the solute in the other liquid, in which it remains undissociated, is

¢y, then the distribution coefficient is given by

a(l—a)
c2

= K = constant R (12.3)

SAQ2
Fill in the blanks using appropriate words:

i) The law deals with the distribution of a solid between two immiscible
liquids.
ii) The ratio of the concentrations of the solute between two liquids is called ____

caeltlicient.

i) The distribution law is valid when the dissolved substance has the ________ molccular
(orm in the two solvents, T

12.6 EXPERIMENT 13 : DISTRIBUTION COEFFICIENT
OF IODINE IN CARBON TETRACHLORIDE-WATER

SYSTEM

Objective of this experiment is to determine the distribution coclficient of iodine in carbon
tetrachloride-water system. |

12.6.1 Principle

Carbon tetrachloride and water are practically immiscible with each other but iodine
dissolves in both of them. When iodine is added to a mixture of CCly and H,O at a certain
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temperature, iodine distributes itself between the wo immiscible layers. At a particular
temperature, let the concentration of iodine in CCl; and H;O be ¢, and ¢,; respectively. In
both CCL, and H,O iodinc exists in molecular form. Thercfore, accordmg to the distribution

law, we have

&

%

= K = constant R {(12.3)

Different amounts of iodine are added to a mixture of CCl, and H.O. The concentration of

iodine in two layers is estimated by titralion against sodium thiosulphate solution. for dilute

solutions, the ratio ¢,/c; is found to be constant within experimental limils and gives the value
- of distribution coefficient, K .

12.6.2 Requirements

Apparatus Chemicals

1. Burette 1 No. - 1. Carbon tetrachloride
2 Graduated pipette lb cm’ 1 No.

3.  Pipette 20 cm’ | 1 No.

4. Pipettc 5cm’ 1 No.

5. - Conical flask 100 cm’ 1 No.

6.  Stoppered bottles 250 cm’ 3 Nos,
7, Thermometer 100 1 No.

8.. Glasstrough 1 No.

Stock Solutions Provided

1.  lodine
2. Freshly prepared starch _
3. 1000 Xx 10" M and 1.000 X 10 M sodium thiosulphate

12.63 Procedure

Take three 250 cm’ glass stoppered bottles and label them with numbers 1, 2 and 3. Using
two separatc burcttes, take 20, 25 and 30 ¢m’ of saturated solution of iodine in CCL, and add
10, 5 and 0 cm® of carbon tetrachloride, respectively 1o these bottles to make the total volume
30 cm’ in each botdle.

Now add to cach bottle 100 cm® of distilled waler. Stopper the bottles, shake them vigorously
and place them in a thermostat (or glass trough [illed with water maintained at room
temperature) for about half an hour. Shake the bottles 2-3 times. After the final shaking,
wait (ill therc is a complete separation of the two liquid layers. Since carbon tetrachloride is
heavier than water, it will form the lower layer, while the upper layer will be the aqueous
layer. Note down the temperature of walcr in the trough. Pipelte out 20 cm® of aqueous layer
into a conical flask from bottle no. 1. Add 4-5drops of [reshly prepared starch solution. The
solubility of iodine in water is very low. Titrate this solution with 1.000 % 10° M sodium
- thiosulphate (hypo) solution. The equivalence point is indicated by the disappearance of
the blue colour. Repeat the titration to get two concordant readings and record them in
* Table 12.4. In the samc manner Lake the samples of upper layer from holllc nos. 2 and 3.
Perform titrations and record the titre valucs in the Table 12.4.

Alter linishing the titrations of the upper aqucous laycr, scparate the remaining upper layer
by decantation or with the help of a separating funnel. Pipelte out 5 cm® of CCl, layer (of
botlle 1into a 100 cm’ conical flask. Add about 20 cm” of distilled walter into it. The addition
of water helps in titration by gradually extracling iodine into water fayer wherc the reaction
with sodium Lhiosulphate occurs. By covering the CCls layer with a water layer, loss of iodine

Phase Equitlbria-11

Details of preparation of stock
solutions are given in
Appendix-1,

Whilc pipetling one

of the 1wo layers, you should
cnsure that the other layer docs
not enlcr the pipetee, You are
adviscd Lo take the help of the
Counsellor during Lhis operation.
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as vapour [rom the exposed solution is also prevenled. Add 4-5 drops of freshly prepared
starch solution. Titrate the solution with 1.000 x 10" M sodium thiosulphate solution.
Disappcarance of blue colour will indicate the equivalence point. Repeat the titration to get [
two concordant readings and record them in Table 12.5. In the same manner, take the i
samples of CCls layer from bottle nos. 2 and 3, perform titrations and record the titre values I

in Table 12.5.

12.6.4 Observations

Temperature of water in trough = -

" Table 12.4 : Titration of Aqueous layer

fidepey | ey 7 g |

AFTETT TS T

P L R L R

SL. | Bottle (Volume of _Burette reading (Volun;e of 1.000 X 10”2 M
No.} No. [ aqueous layer)/em’ Initial | Final hypo consumed)/em>

1 1 200

2 1 200

3 1 20.0

4 2 20.0

5 2 200

6| 2 200

7 3 . 200

8 3 20.0

9 3 200

Table 12.5 : Titration of CCl4 layer

Si. | Bottle. (Volume of Burette reading | (Volume of 10060 x 107" M hypo
No.t No. | ccl,layer)/em® Initial | Final consumed)/cm>

1 1 50

2 1 50

3 1 50

4 2 5.0

5 2 50

6 2 50

7 3 50

8 3 50

9| 3 " 50




" 12.6.5 Calculations
Sodium thiosul‘phate reacts with iodine as follows:
© 2NazS:03 + [z —————  2Nal + NapS40¢ °

If ¥, cm® of Na;S,0, of molarity M, react with ¥, cmt® of I, ol'molanlyMb, then using Eq 1.13
of Unit 1 of this course, we can write,

MV, 2
MUV, 1

or M_-.P; = 2M|,Vb

Using this equation, calculate the concentration of I; in Llerms of molarily in aqueous and in
CCl; layers in each bottle. After that, find out the ratio of concentration of I in CCly layer
{cy) to that in the Aqueous layer (c,), which will give the value of distribution coelficient, K.
Remember that the molarities of Na;S,0; used for the titration of aqueous and CCL, layers
are 1.000 X 102 M and 1.000 X 10 M., respectively, Record the values in Table 12.6 and

_report the average value of K

Table 12.6 : Values of Dislribuli'on Coeflicient

Bottle c/M oM. Average value of X I

K:

oo

L

2

5

12.6.6 Result

The distribution coefficient of iodine between carbon tetrachloride and water was found to
be .

127 EXPERIMENT 14 : DISTRIBUTION COEFFICIENT
OF BENZOIC ACID IN TOLUENE-WATER SYSTEM

Objective of this experiment is lo determine the distribution coefficient of benzoic acid
between toluene and walcer.

12.7.1 Principle

As you know toluene and water arce practically immiscible with cach other but benzoic acid
dissolves in both of them. When benzoic acid is added to a mixture of toluene and water, it
distributcs itsell between Lthe two immiscible layers. In water, benzoic acid exists almost in
monomeric form. No doublt benzoic acid is a weak acid, W¢ assume Lhal its dissocialion in
water is negligibly small 10 facilitatc the calculations in this cxperiment. In toluenc, it
undergoes association to form dimers, By performing this cxperiment, we can verify the
validity of these two assumplions.

At a particular temperature, let the concentration of benzoic acid in toluene and in water be
¢, and ¢s, respectively. Therelore, accarding to Eq. 122,

Ve,

(]

=K =constame (12.2)
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Details of preparation of stock
solutions are piven in
Appendix-11.

While pipetting ane of the two
layers. you should ensure that the
other layer does not enter the,
pipette. You are advised 1o take
the help of the Counscllor during
this operation.
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Different amounts of benzoic acid are added to a mixture of toluenc and water. The mixture
is shaken vigorously and the laycrs are allowed to scparale. The concentrations (¢, and ¢,)
of benzoic acid in the two layers are estimated by titrating against standard NaOH solution
and the valuc of X is calculated. The ratio Ve, is calculated and is found 10 be constant
within cxperimental limits lhcrcbyju-\llfym‘g, the assumptions made above. Also, this gives
lhc value ofllu, distribution cocflicient.

12.7.2 Requirements

Apparatus ' . Chemical

1.  Bureltc 1 No. 1. Toluene
2 Graduated pipette 10 cm® 1 No.

3 Pipette 10 cm? . 1 No.

4. Pipelie 5em® I No.

5. Conical flask 1 No.

6 Stoppered bottles 250 cm’ 3 Nos.

7 Thermometer 100° I No.

8 Glass trough 1 No.

Stock Solutions Provided

1. Benzoic acid
2. 5000 x 1072 and 1000 % 107" M NaOH
3.  Phenolphthalgin

12.7.3 Procedure

Take lhrcc 250 cm’ capacity stoppered glass botlles and labcl them 1, 2 and 3. Place 20, 25
and 30 cm’ of benzoic acid solution and, 10, 5 and 0 cm® of toluene to bottles 1, 2 and 3,
respectively making the total volume of organic layer 30 cm® in each bottle.

Add 100 cm’ of distilled water (o cach bottle. Stopper the bottles, shake them vigorously and
place them in the trough ol water for about half an hour. Allow the layers (o separate.
Toluene being lighter than water will form the upper layer. Note down the temperature of
water in the trough,

Pipctie out 5 em’ of tolucne layer from boule 1 in a 100 cm® conical flask. Add 25 cm® of
distilled watcr and 2 drops of phenolphthalein solution. Titrate the mixture with standard
1.000 X 10™ M NaOH solution, The equivalence point is indicated by the appearance of a
pink colour. Repeat the titration Gl you get two concordant readings. Similarly perform
titration with tolucne layer inbottes 2 and 3 separatcly and record the readings in Table 12.7.

Alter pérl’orming titrations of the upper toluene layer, scparalc the upper layer by decanta--
tion or with the help oI' a scparating funncl. Pipette out 10 cm® of lower aqueous layer from
hottlc 1 into a 100 em’ conical fTask and add 2 drops of phenolphthalcin indicator. Titrate
the solution with standard 5.000 x 10”* M NaOH solution. The cquivalence point is marked
by the appearance of pink colour. Repeat the titration till you get two concordant readings.’
Similarly pcrform titration with aqueous layer in boltles 2 and 3. Record the readings in Tablc
12.8.

12.7.4 Observation_s

Temperalure of waler in trough = ...............°C

gy v s

) if

e R o it

STV PR T T T T TIT N SERS LT | iy e

e

— s e




Table 12.7 : Titration of Toluene layer

Sl | Boitle {(Volume of - Burette reading (Volume of 1.000X 10™' M

Ne. No. tounlene layer)/cm® NaOH consumed)/cm’
Initial Final ;

"1 i 50

2 1 5.0

3 1 5.0

4| 2 50

5 2 50

6 2 5.0

7 3 5.0

8 3 50

9 3 , 50

Table 12.8 : Titration of Aqueous layer

(Volume ol Burette reading [ (Volume of 5.000 x10™2 M
SL | Bottle | aqueous layer)/cm® NaOH consumed)/cmn’
No No. Initial | Final
| 1 10.0
2 o1 10.0
3 1 10.0
4 2 10.0
5 2 10.0
6 2 10.0
7 3 10.0
8 i . 10.0
9 3 10.0

12.7.5 Calculations
Benzoic acid reacts with sodium hydroxide as follows:
CaH:«COOH + NaOH  CH:COONa + H.(

IV, em’ of benzoic acid of molarity A/, rcact with V. em’ of sodium hydroxide of molarity
My, then using Eq. £.13 of Unit 1 of this course.

or MV, = MV,
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Using the above equation, calculate the concentration of benzoic acid solution in terms of
molarily in tolucne layer (c;) and in aqueous layer (¢;) in each bottle. After that calculate
the ratio v, /cz, which will give the value of didtribution coefficient, XK. Record the values
of ¢5; c2 and K in Table 12.9 and report the average value of X, ’

Tahble 12.9 ; Values of Partitior; coefficient

Bottle c/M cyfM K= ﬁ . Average value of X
Nao. cz .
1
2
3

12.7.6 Result

The distribution ceelficient of benzoic acid between toluene and water was foundto be

The constant value for K brings out the validity of the assumplion made regarding the
monomeric nature of benzoic acid in waler and the dimeric nature of benzoic acid in toluene.

12.8 SUMMARY

In this unit, you werc introduced to the concepts of critical solution temperature and
distribution coefficient. Two experiments bascd on critical solution temperature were
discussed. Two experiments for determination of distribution coefficient of iodine between
carbon tetrachloride and watcr, and of benzoic acid between toluenc and water were also

described.

129 TERMINAL QUESTIONS

1.  Whatis CST?
2. Whatis the effect of impurity on CST?

3. Give the definition of the distribution cocfficient.

4.  Statc the form of distribution law when the solute associates in one of the two liquids.

5. State the form of distribution law when the solute dissociates in one of the two liguids.

12.10 ANSWERS

Answers to Sell-Assessment Questions
1. 1) conjugate
i) critical solution or consolute

ii) - consolute

T (= g )~ ) v~y |y
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iv)- triethylamine-water

v) nicotine-water:

i) distribution

ii) distribution or partition

ili) same

Answers to Terminal Questions

1.

The temperature at which the two partially miscible liquids become miscible in all
proportions is called critical solution temperature, CST.

2. Impurities have a marked effect on CST. I an impurity is soluble only in one of the two
liquids, it will raise the upper CST, while the lower CST will be Jowered. If on the
otherhand, it is soluble in both the liquids, the upper CST will be lowered, while the lower
CST will be raised.

3. Ifto a system of two immiscibie liquids a substance, which is soluble in both the liquids,
is added, the solutc will distribute itself in such a way that the ratio of the molar
concentrations of the solute in the two liquids is constant at a given temperature.

4 (e , - - : S

e K, where n is the degree of association of the solute in one of the liquids.

3 g(l—a) . . . .

— = K, wherca is the degree of dissociation of the solute in one of the liquids.
2
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APPENDIX - 1

Iodine solution : Each student will nced about 80 ecm® of soluuon Prepare a saturated
solution of iodine by dissolving 25 g of iodine crystals in 500 cm® of CCl,. Filter the solution
and store in a brown battle: .

Starch solution : Takc 1g of starch and make a fine paste of it in about 20 em® of distilted
water. Add 80 cm” of hot water and boil the mixturé. Keep the mixture stirred during boiling.
Since starch solutions degrade in short time, it is advised to test its suitability. For this, takc
a small |'J01'l1011 of the solution in a test tube and 1o this, add a little of iodine soluuon It
should give an intense blue colour.

Sodium thiosulphate : 1.000 x 107" M and 1.000 x 102 M : Preparc a stock solution of
sodium thiosulphate of about 0.25 M cunccnlrauon by dissolving 62.5 g crystals in distilled
water and making up the volume to 1 dm’. Standardise this solution by titraling against a
standard solution of potassium dichromate, as dcscr:bcd in Appendix-I to Unit 15 of this
course. Let the molarity of stock solution be x mol dm™.

Prepare sodium thiosulphate solutions of 1.000 X 107 M and 1.000 X 102 M concentrations
by diluting appropriate volumes of the stock solution with distilled water. Volume of stock
solution required to prepare 1 dm® 0f 1,000 X 107" M and 1.000 x 102 M sodium thiosulphate
solution can be calculated by using the formula,

M|V| = Mng
Mil5s
or V1 =_ }‘:fl =

Thus, volume of stack solution (¥} required to prepare 1 dm® of

1.000 X 107'M x 1000 cm®

1 . _
1.0 x 107 M solution = M

Volume of stock solution (V;) required to prepare 1 dm® of

1.000 x 1072 M x 1000 cm®
M

1.000 % 107 M solution =

10
= —em?
X

where x is the molarity of the stock solution,

= [ T = e ey p— 1 54 k7 -1 s
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APPENDIX - 11

Benzoic acid solution : Preparc a saturated solution of benzoic acid by dissolving about 40 g
of acid in 500 cm’ of toluenc. Filter the solution,

Phenolphthalein solution : Dissolve 0.1 g of phenolphthalein in 125 cm® of ethanol and add
125 cm’ of distilied water with constant stirring.” Filter the solution if there is any precipitate.

Sodium hydroxide : 1.000 X 10" M and 5.000 x 107 M : Prepare a solution of NaOH of
about 0.1 M concentration by dissolving 4.4 g of NaOH in distilled water and making up the
volume to 1 dm’. Standardise this solution by titrating against a standard solution of HCI
using phenolphthalein as indicalor. Preparation of standard solution of HCI has been
described in Appendix-I to Unit 9 of this Block. Let the concentration of this solution be x
M (which will be around 0.1 M),

Take 250 cm” of the above solution and dilute to 500 cm® in a volumetric flask using distilled
water. Conceatration of this solution will be x/2 M (which will be around 0.05 M).
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APPENDIX TO BLOCK 2

UNIT 4 EXPERIMENT NO. 1

i) You can make aqueous SOlL[llOnS of 3-4 common houschold detergents such as Surf,
Wheel, Nirma, Key etc. lor the determination of surface tension. You can make 05 to
1% aqueous snlulmn of the above detergents by mass. For this, dissolve 1g dctergcnt
powder in 100 cm’ of distiiled water by stirring gently. You can warm a little so that you
get a clear solution. You should take care that no [roth forms in the above pracess. If
you have warmed the contents, then keep this solution for sometime to acquire room
temperature.

Determine the surface tension of these solutions as given in Experiment 1 and compare
the values so obtained:

if) For this experimcnt 1% (w/w) stock solution of a detergent can be made as given above.
Dilute this stock solution to 80%, 60%, 40%, 20% and 10% and study the variation of
y with concentration,

UNIT 5 EXPERIMENT NO.2

30% Sucrose Solution: You can make 30% (w/w) aqueous solulion of sucrose by dissolving
30g of sucrose in 70 cm’ of waler. The values of viscosily co-efficient for this solution at
various [empcrature are as given below:

Temp/*C 10° NPas
15 3.757
20 3.187
25 2.735

UNIT 6 EXPERIMENT NO.4

The lollowing solutes could also be used for the determination of integral enthalpy of solution:

i)  Polassium nitrate (1:200)
ii)  BaClz - 2H30 (1:400)

iii}  K2Crz07 (1:400)

UNIT 7 EXPERIMENT NO.5

0.50 Mol dm ™" HCI
Refer to Appendix of Unit 16 Point No.2

Make the stock solution of hydrachloric acid {A) as in NO.2. .

. 1000 x 0.50 25
To prepare 0.50 M HCI from hydrochloric acid {(A), lake OOOTP = —I;- em’ of

hydrochloric acid (A) in a I dm® standard flask and make the solution upto the mark with
distillcd water. You get the resultant solution as 0.50 M HCI.
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0.50 M NaOH

To get 0.50 M NaOH from the NaOH solution of molarity 10y, take 5y cm® of the above
. solution in 1 dm’ standard flask and dilute it with distilled water by making up the solution
upto the mark. This will give 0.50 M NaQH.

Phenolphthalcin solution - kindly see Appendix IT of Unit 12,

EXPERIMENT NO.6

.50 M CH,COOH

Using a burette, transfer 60 cm” of glacial acetic acid into a 1 dm® volumetric flask conlaining
500 cm® of distilled water and make the solution upto the mark. This solution (A) is
approximately 1 M CHyCOOH. To find out the exact molarity of this solution take 20 cm®
of Aand dilute it to 200 cm’. Ley it be named as B. Titrate CHyCOOH (B} with the standard
solution.of 0.1 M NaOH (as prepared above) using phenolphthalein as the indicator, Find
out the exact molarity of CH,COOH (B). Hhe molarity of this solution js X, then the molarity
of CHYCOOH (A) is 10x. ) -

To get 0.50 M acetic acid from CH,COOH (A), take ix@ em® of CHyCOOH (A)ina 1 dm’®

volumetric flask and add distilled watcr to make the solution upto the mark. This will give
you0.50 M CH;COOH. - .
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BLOCK 4 CHEMICAL KINETICS

In the previous biock, you studied some experiments based on thermodynamics.
Based on the study of thermodynamics, one can ask two kinds of questions. Firstly,
whether the reaction would take place or not (i.e. regarding the feasibility of the
reaction), and secondly, if it does, how far would it £0? Which way would the
equilibrium be-towards the products or reactants, j.e., what is the equilibrium
constant for the reaction? We can get answers to these questions from
thermodynamics. But how about the time aspect? or when would the reaction be
over? Would it be instantaneous or would it 1ake a long time?

The aspect of time is quite important for a chemist. Assume that we wish 10.set up an
industry to manufacture a certain chemical X, Also a simple method Y is available
for the synthesis of ‘X’ and the reaction is feasible thermodynamically. Yet we cannot
decide to go ahead with the chemical process unless we know about the time required
.for the reaction to take place. From an industrialist point of view, a reaction is
meaningful only if it gives sufficient amount of product (yi€ld) in a reasonable -
amount of time. The experiments you have been doing in your laboratory courses

have been designed in such a manner that you can draw some meaningful conclusion

from them in a stipulated time. Can you, for example, in your laboratory course, do
an experiment that takes say 34 weeks to complete?

‘Another important question to which one would like to have an answer is-how does
a reaction take place? This question relates 1o the probabie sequence of steps that
lead to the formation of the product(s) from the reactant(s). The sequence of steps
thus proposed constitute the mechanism of a reaction. A reaction meckanism is

" proposed based on some experimental evidences. The lime taken for a reaction and
the reaction mechanism are studied under chemical kinetics or reaction kinetics.

A detailed study of reaction-mechanism of some (organic) reactions has been made
in the course, Organic Reaction Mechanism (CHE-06). We are not going to study
the mechanistic details in this course. Instead, we shall 1ake up the study of time
aspect of some chemical reactions through some experiments in this block This
block consists of three units. Unit 13 will deal with the basic features of reaction
kinetics. In Unit 14, experiments based on initial rate method will be discussed. A
few kinetics experiments based on integrated rate equation method will be explained
in Unit 15. '

Objectives
After studying this block, you should be able'to:

cxplain the effcct of concentration on the rates of chemical reaciions,

perform kinclic experiments based on initial rate method and intcgrated rale equation
method, and

®  use methods like titrimetry, conducto metry, and colorimetry for following the progress of a
reaction.
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"UNIT 13 BASIC CONCEPTS

Structure

13.1 [Introduclion
Objeclives

13.2 Rate of a Chemical Reaction
Defining Rate
Measurement of Rate .
- Faclors Affecting the Rate of a Reaction

13.3 Rate Laws )
Dilferential Rate Laws : Concentration
Dependence of Rate
Integraied Rate Laws : Time Dependence of Concentration

13.4 Determination of Order of a Reaclion
13.5 Summary
13.6 Terminal Questions

13.7 Answ_.»crs

13.1 INTRODUCTION

As poinled out in block introduction, Kinetics deals primarily with the ‘time aspect of
chemical reactions. The informatiori obtained from a kinetics experiment may be
used in proposing a mechanism for the reaction. In this unit, we shall discuss the
basic concepts of chemical kinetics relevant for this laboratory course. In this
process, we shall first define rate of a reaction’ and see various ways of expressing it.
We shall explain how the data from a kinetics experiment can be expressed in terms
of raic cquation and how we can manipulate this data to obtain the order of reaction
and rate constant. In the next unit, we shall study two kinetics experiments based on
initial rate method.

Objectives
After studying this unit you should be able to :

®  sule diflerent ways of expressing the rate of a chemical reaction,

dcscribe differemt methods of l'uliowing the progress of a chemical reaction,

list varicus factors affecting the rates of chemical reactions,

cxplain the terms, differential and integrated rale equations,

dcline and differentiale betwceen the terms, order and stoichiometry of reaction,

describe vartous methods for the determination of order of a reaction, and

present the daia oblained from 4 kinclics experiment through suitable equations and graphs
and, calculale the rite constanl and order of reaclion.

13.2 RATE OF A CHEMICAL -REACTION -

We are used to the coneept rate (velocity or speed) in our day to day life. It implics
Some change in a parameler in a given amouat of time. For example, the rate at
which waler flows from a tap can be expressed in gallons or litres per minute. Speed
of a vehicle is expressed in kilometers per hour. Similarly, chemical reactions also
accur al a certain rate. Different chemical reactions proceed at different rates.
Certain reactions get to equilibrium in a fcw minutes or seconds, while certain others
may take days or even years. The concept of rate of a reaction is very crucial for a
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In describing a change in &
paramcter, symbol, ‘A is used,
It is pronounced as delta and it
refers to the difference between
the final valve and the initial
value.

The minus sign in lhe rate
cquation also signilies the
disappearence of ihe species
with respect to which the rate is
cxpressed.

Ac; has units of mol drn'j whiatle
unit of A 1 is second. The units
of rale, as defined in Eq. 13.6,
are mol dm™ 5~

Instaolaneous rale is the rale of

a reaction al any particular lime.

.

proper understanding of chemical kinetics. Let us sce how we define the rate of a

reaction.

13.2.1 Defining Rate

Let us take up a simple reaction,

2A+3B——>C+ 4D

.-(13.1)

whuse progress can be mentioned in terms of change in concentrations of various '
reactants or products. Let us say that in a time interval 4 ¢ (delta ), the change in

the concentration of the product Cis A [C]. Then the reaction rate is defined as

follows:

A [C]

Reaction rate =

At

(13.2)

The rate of above reaction can equally well be expressed in terms of the ‘amount of
product ‘D, We see from the stoichiometry of the reaction that four moles of ‘D” are
produced in the time required for producing one mole of C, i.e., D is produced four
times as fast as C. So if we have to define rate in terms of [D], then we have to divide
it by four which is its stoichiometric coefficient in the balanced chemical equation. In
other words, the rate would be,

reaction-rate =

|

A D]

At

As C and D are both producls, their concentration increases as the reaction '
progresses i.e. A[C] or A[D] is positive. But, if we wish to express the rate in terms of
any of the reactants, then the change in concentration would be a negative number.

Since cuslomarily, the rate is defined as a positive quantily, we muliiply the rate
expression in terms of a reactant by -1, In other words, we wrile the rale as,

le——--—

alAl

2 A

la[
3 A

)

{

Note that 2 and 3 are the stoichiometric coefficients of A and B, respectively.

(133)

..(13.4)

So we see that in the above example, we have four equivalenl ways of expressing the

ratei.e,

Y\

14[D]

AlA]

148

rate =
At

4 Ag

In general the rate is defined as,

1 A¢;
rate =‘TT

where A ¢; is the change in the concentration of the i th specics and v; is ihe

=1
2

At

3 At

. {13.5)

.. (13.6)

stoichiomelric coefficient of the ith species in the balanced chemical equation. v; is

positive for products and negative for the reactants; also A 1 Is the change in time,

The rate as defined above signifies Lhe avernpe rate of the reaction over a specified
period of time. The average rate approachcs the so called instantaneous state, as A f
approaches zcro (i.e., A1 -» 0). Using the standard notation for instantaneous rate,

we write the rate as:
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1 Ac: Baslc Concepts
Instantaneous rate = —{—
¥y [At .

0

Caolculation of Reaction Rate The symbol At ~ 0 means that
"t approaches zero.
You may be curious to know as to how the reaction rates are calculated. Take for
instance the following reaction:

2NO,(g) ——> 2NO(g) + O,(g) . (13.8)
In Fig. 13.1 a, b and ¢, you can see concentration (c) against time (t) plots for NO,,
NO and O -as per the values given in Table 13.1. In these figures, the graphical
method of calculation of the reaction rates for the consumption of NO, and for the
formation of NO and O, are illustrated. The reaction rate at any particular instant is
obtained by calculating the slope of a line tangent to the curve at that point.
From the slope ol the tangent line
dmwn (corresponding (o a
particular time) to lhe
conceniration {¢) against time ()

Table 13.1: Concéntrations of NO,, NO and O, at Different Time Intervals at 673 K.

Time/s [NQ2)iM [NO}M [Oz]/Af
curve for a component, we can
obtain the rate of the reaclian,
0 0.0100 0 0 Rale of reaction =
50 0.0079 0.0021 0.0011 Slapeol¢ against ¢
_ _furve for the reaclanl
100 0.0065 0.0035 0.0018 Staichiometric coefficicnt
150 0.0055 0.0045 0.0023 of the reactant
Slope of cagainsts
200 0.0048 0.0052 0.0026 curve for the praduct
250 0.0043 0.0057 0.0029 Stoichiometric
. cocllicient of the product
300 0.0038 0.0062 0.0031 The concentrations of components
450 0.0034 0.0066 0.0033 are given in molarity (M} unit.
1M = | moldm™
_ 05 . 000 4
m;:zuos_;]op;] = 33 % T M s
= [ .
& : - crare O easx10¢m o
= @ :
®
% L
] .
f
= : -
E:,h -
% .
= ' P P O
[l [ ]
o
5- L
o
| [ [ | [ |
50 100 150 200 250 300 .

i's

Fig. 13.1:(a)Concentrailon ngalnst tlme plot for NOz; note the falllng saluee of the curve which Is
characterlstlc of concentratlon agatost fime plot for a reaclant
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Chemical Kinetics

Rale of consumpilon of NO.z } . {Slope of 1he langcit

att=200s Mhealsf =200 s) = ~(-L3 x 1075)M 57!
= L3 x 1075 M 57!
Reaction rate = ' (Rafe of consumpllon of NO3)/2
: = (131 X 105 M s™)/2 = 6.55 x 10 M 57!

{b) Concentraflon agalnst 1ime plot for NO; note the rislng nnture of the curve which
Is characteristlc of concenlrallon against 1lme plol for o product

{Slope of the 1angen! Nnce ot =-ZUG 5)
1.30 x 1075 M 57!

{Raolc of formalivn of NO)/2

= (130 % 10 M s 1y2 = 650 x 1078 A st

Rate of formation of NO
alt = 200 s

Reactlon rate

(c) Concentration ngalnsi time plot for O5; nole ngnin the rislng curve. Compared lo

the curve for N, Lhe corve for O rises slowly.

Rafe of formatlon of Q2 = (Slope of the (nngent llne al £ = 200 5)
atf=200s = 6.25 x 10¥ M 5!

For the curves (a) nnd (b}, the fangents are nol Indicated. Reacllon rate = Rnie of
formatlon of O, = 6.25 X lQ- ‘M s_l. From the slupe values a2 = 200 s, you con

see thal 1the following relasionshlp is nearly correct.

Reaction rale = (Rnle of consumptlon of NOz}/2 = (Rule of Tormuoilon of NO];!Z

Rafe of formalion of Qg

In our discussion, we: are mainly interesied in the concentration against time plots
for the reactants. In other words, we wani 10 study the reactions under condilions
where the rate of the forward reaction is significant but the reverse reaction rate is
low. This.is made possible, if we study the reaction upto a point where the product
amounts are not high. .

We have so far learnt about two kinds of raics, the average rale and instantancous
rate defined by Egs. 13.6 and 13.7 respectively. There is another term called initial
rate. ILis the rate in Lhe initial stages of the reaction i.c. at lime ’f* close 10 zero. We
would elabordte this at a later stape.

Before going ahead why don’l you try the following SAQ?
Sa)

Write the expressions fon de g meeaage t) inslantaacous rales of the

reaedion,
Nafey =+ Silsin '_’J'\'H“(_r.:]

s lers of congenition o e nel N

13.2.2 Measurement of Rate

As was indicated carlicr, we pencerally deal with reactions in homogencous medium.
We had scen that for homopeneous reactions, it is convenicent to represent raie in
terms of concentration of reactants or products. So, gencrally the measurements of
rat¢ involves the determination of concentration of a species among the reactants or
products. A number ul experimental methods are available lor the determination of
conccnlration as a function of time. These methods depend primarily on the nature
of species involved. Let us take up a few of these merhods.
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i) Mensurement of pressure or volume of o gas: In some reactions, one of the Basic Concepts
reaclants or products is a gascous species. In such cases, the measurement of
pressure or the volume of the gas produced or consumed provides an elegant method  When more than one of the

of assessing its concentration. This can be used in obtaining the ratc of reaction.  components is in gascous
phase, the partial pressures
s of the species is to be
For example, the decomposition of H,0, _ caleulated with the help of
i - réaction sloichiometry,
Hy0,(ag) ———— > H,0() + O, (g) -{13.9)

can be conveniently lollowed by measuring the volume of O,(g) evolved as a function
of time. ;

if) Titrimetry : ILis one of the most commonly used methods Lo follow the progress
of the reaction. Il any of the reactants or products can be suitably titrated without -
any inlerference from other species, then this method is useful. For example, the
progress of the reaction given above (Eq. 13.9) can equalily well be followed by
litrating cqual volumes of the reaction mixture at different time intervals against
KMnQ, solution.

SH,0,(ag) + 2MnO; (ag) + 6H* (ag)~> 2Mn?*(ag) + 8H,0) +50,(z) (13.10)

Some of the experiments explained in Units 14 and 15 would be followed by
titrimetry. :

In many instances, we can follow the reaction by measuring a physical property the
value of which is directly proportional to the concentration of a reactant or product.
The insirumenlal methods which make use of the variation in the physical property
for measuring the concentration have an added advantage that the concentration can
be measured directly without disturbing the reaction mixture. Let us take up z few
cascs. ’ ' )

iii) Conductometry and potentiometry : In some cases, the progress of the reaction is
characterised by a continuous change in the conductance, emf or pH of the reaction
mixture. In such cases, a suitable instrumental method can be devised to follow the
reaction. For example, ikie saponification of ethyl ethanoate {ethyl acelate) can be
followed conductometrically (details given in Unit 15).

iv) Spectrophotometry or colorimetry : In some reactions, one of the components,
has a distinct absorption band in the visible or ultra-violet region of the spectrum.
The progress of such a reaction can be followed in terms of absorbance ata -
characterislic wave length. For example, iodination of 2- propanone (acelone) can be
followed colorimetrically as I, has a characteristic absorption band around 565 nm
(derails given in Unit 15). :

v} Pelarimetry: If in a reaciion, an optically active substance is either consumed or Polarimeter is an instntment
produced, then the progress can be followed with the help of a polarimeter. Inversion uscd for measurement of optical
of sucrose is onc of the experiments based on polarimetry. -Tolation of a given sample.

Besides these, a number of highly sophisticated instruments like NMR, ESR and NMR : Nuclear magnetic
mass spectrometer are also used to study reaction kinetics. This is beyond the scope . rusonance

of our study. So upto now, we have lcarnt aboul rate of 2 reaction, its cxpression,
significance and measurement. Let us now scc what are the faciors that aflecl the
rate of a reaction. Before that, attenipt the following SAQ.

ESR : Eleciron spin renonance

A0 .

State the name of a suitable experimental method that can be followed to
WmoNior the reaction rate in each of the followine cases:
- r
i) Hi@®) + Br.(g) —— ZHBr(g)

Hint :  Bromine absarbs strongly in the visible region, while hydrogen and
hydrogen bromide do not.
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Chemlecal Kinetles

To sludy Lhe eifect of lemperature
on the rate ol a reaction, you may
*see Unit 18 of CHE-04 course.

10

i) CHLCOOC, Hs (aq) + OH (ag) —> CH; COO™ (ag) + C; Hs OH (ay)
iliy CH;CHO({g) — Cf—L, (g) + CO(g) (at constant volume condiliun-s)-

13.2.3 Factors Affecting the Rate of a Reaction

There are a number of factors that affect the rate of a chemical reaction. Let us
briefly take up the effect of these onc by one.

Concentration of reactants : Ap increase in the concentration ol a reactant generally
increases the rate of a reaction. Rates of certain reactions increase much more than
the others on increasing the concentration. Some reactions even become slow on
increasing the concentration of certain spectes. The dependence of rate on
concentration shall be taken up in detail in the next section.

Temperature : An increase in temperature normally causes an increase in the rate of
reaction. As a thumb rule, the rate becomes double with an increase of about 10°Cin
the temperature. This kind of study can provide useful information regarding the
thermodynamic parametres of a reaction. Since we are not going to perform
experiments based on temperature effect on reaclion rate, we are not going 1o discuss
it in detail.

Catalysts : Certain substances take part in a chemical reaclion but are regenerated
unchanged. These are called cartalysts. The presence of a catalyst generally increases
the rate of a reaction. In one of the experiments (given in the next unit), we would
study the effect of metal ions acting as catalysl. In the next unit, we shall discuss Lthe
role of a calalyst in a reaction.

Surface area : Certain reactions 1ake place on a surface. It is observed that for such
reactions, the rate increases with an increase in surface area. We arc not going to do
any experiment based on this effect.

Of the four factors listed above, we are going to discuss in detail the effect of
concentration of reactants on the reaction rate, Before doing that, we shall deltne
certain important lerms. :

13.3 RATE LAWS

As pointed out earlier, kinetics experiments are primarily concerned with the
determination of concentration of one or more species as a function of time. This
leads to the evaluation of ratc. There are two types of relationships — onc between
rate and concentration aznd the other, between rate and time. These are termed rate
laws. The relationship between the former two is called differential raie law, and thal
belween the latter two is referred to as inlegrated rate Jaw. Let us see these in detail.

13.3.1 Differential Rate Laws : Concentration Dependence of Rate

The rate of reaction may depend on the concentration of one or more reacting
species. Thé proportionality between ratc and concentration may be direct or
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inverse. The actual dependence of rate on the concentration of various species Basic Concepts
mcasurcd by any of the methods déscribed above is put together into an equation
called diflerential rate law or rate cquation. For example, for the reaction, * Stolchlomelric equatlon: | ix 5

balanced clhiemical equation sueh

- _ 2 as Eq. 13.1 or 13.13. It shows the
S0 +2I — = 280 + I, . «{13.11) refationship belween 1he refative
amounts (number of malexsy af the
the exrcaimentally determined rate Jaw has the form reaciants and products.
. : ] . Rale equallon or rufe Inw: A rate
- : cquation shows llie dependence of
. rate = & [S,027] {I] 3 Py

++{13.12) reaction rate on the concenration
of reactants. A rte equalion is 10
wherc £ is the proportionality constant, and {S,02] and [I"] indicate the molar be written (rom experimental
. 2_ _ . studies and not from
concealration (i.c., molarities) of S,05" and I, respeciively. Note that the powers stoichiometric gquation.
of ;szog‘] and [I"] in Eq. 13.12 are each equal to one, whereas the stoichiometric '

coellicients of szog‘ and I' in Eq. 13.11 are 1 and 2, -rcspeclively. The rate law such

as Eq. 13.12 is to be arrived at from the experiniental measurement of dependence of
concentration of reactants on the rate of a reaction and not from the stoichiometric
eguation. -

For a peneral reaction,

aA + bB e ————> products -(13.13)

where a,b, ... clc are the sloichiometric coelficients in the balanced equation, we can

write the rate law as Eq. 13.14 is applicable only if the

reaction in Bq, 13.13 goes 1o

rdate = k [A]m [B]" -(13.14) almest completion. If the reaction
' - is reversible, the cquation has o
In this expression, [A], [B]... etc represent the molaritics of the concerned species. rather cemplex form.
The exponents n,n, .., are generally small positive integers. However, in certain
cuses, these may be fractional or cven negative also. Theexponent of a reactant in There is no refationship between
the rate law represents the order of (he reaction with respect 1o that reactant. The the exponents i r.... in the
sum of the exponents of the concentration terms in the rate law is called the overaull ~ ©*Prrimentally """“”“'?"" rate
. . ’ L. equation and the corresponding
order. For the rate law given in Eq. 13.14, we say that the reaction is of mith order stoichiometric coclficients
with respect (o A and of ath order with respect 1o B and so on. The overall order of

. ) {a,b,..); bun il it happens to be so,
the reaction is m + n + ... reaction. In the example given in Eq. 13.11, the reaction | is jusl a matter of chance.

i ach i 2- inl” i =

is (itst order cach in S,04” and in I". The overall order js | + 1=2. To obtain the units of rate
’ constant, consider he folfowing

The proportionality constant ‘%’ in the rite equation is called the rate constanl. It is  gencralised rate equation for
prop Y q

characteristic of a given reaction and its value depends on temperature and the Which the overall onder is m + n.
presence of catalyst ctc. The rate constant can be visualised as the rate of reaction Rate = k [X]" [¥]"
when ali the specices in rate equation are at uni concentration. For this reasor, the Rate

. 3 . . ork
rate constant is also known as the specific rate, The units of rate constan! depend on

the overall order of the reaction. 1 has the units of concentration(!=°"¢0), time-1

. . - . . Uniisof & =
For a] first order reaction, & has the unil, s ! while a second order k has units of dm? alls o
mol™ §~

CIIYF
Urits el rate
unitsof ([X]” -[Y]")

mol dm™ 57!

P : . ; . B (ool dm™* y7 (mol dovy*
In a kinetic experiment, we hormally measure concentration as a function of time; so
we would like to have a relationship berween concentration and time. Such a = (mal dny )i = (m 1)y 1
relationship is provided by the intcgrated rate laws. Let us sec how we obiain these since m+n is the overall arder of
ratc laws. Before you go ahead, try the following SAQ. the reaction,

untl ol & = [\m(\l dm"‘)
X (l-overmll uday -]
SAQ 3 5
* Far a reaction which follows fimst
The CXI‘IL‘I'I'IIIL'III:IH_\.' there mineed e [FEINN liir the readtion, order Kinetics. s
’ unitk = (mol gm™y'"! ! = 1
2;\7()(") + Cl.p) = INOCHey For o reaction which lollows

. A svcond order kinetics.
is, rute = A[NO}J* [C1-]

units ol & = (mol ¢y 571 =
. s . . L] -1 -1
what is the iy order of reaction wilh respect to [Cl,| dm” mot s

i} overall order and iiiy units for £2 {since LA = 1 maldm™)

ur = A1 47!

—
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Chemlical Klnetics

The equations listed in Table 13.1
hold for reactions with only onc
reactant or for the ones which
have more Lhan one reactapt buy
all of them have same
concentration. However, if’
different reactants have dillerent
concenlrations, then Lhe
wxpressions are slightly
complicaled. You may refer to the
bibliography 1o find ways of
deducing integrated rate equation
for such a case.

13.3.2 Integrated Rate Laws : Time Dependence of Concentration

Expressions relating time and concentration can be obtained by integrating the
differential rate laws. For first order, second order reaction e¢lc., the integrated rate
equation have been derived in Unit 18 of CHE-04 course. You go through that
material for undersianding the derivations. The differential and integrated rate laws
are summarised in Table 13.2. [A], and [A], represent the concentration of the
reactant A at the start and, after the time, . We shall next explain the term, half life

period (fy,3).

Table 13.2 : Rate laws and other important data for differentinl order renction of the type A —> products,

Order of Differentin? Integrated Expression for  Type of plot Unit for
reaction rate Liw rate equation 172 k
Zceroth order rate = k [AL ==k + [A] [A)y2k [A]r aguinst Ms?!
First order rale = k[A] log [A}, = ‘25_’%3 + log [A], 0.693/k log [A]; against 1 s

- 2 1 L . 11
Second order raic = k[A —_— i —— 17R[A 17[A) against ¢ M7's

A ArM AR (AL (AL g
“Third order rate =k[A]' S P i 3/2K[(AR I/|A ) against ¢ M5!
2[A) 2|AL

HaH-life Period

The time taken for the concentration of 4 reaciant 10 decrease o hail its initial value
is known as half-life period. It is represented by the symbol, 7, Let us derive an

expression for the half-life period of a first order reaction. From Table 13.1, we can
writc the inlegrated rate equation for a firsi order reaclion as follows:

log [A], = - 5252 301 + tog [A], - . (13.15)
K oA -1
or 2303 0g [ ]U —log [A]:
2303, Ak
or k= log . (13.16
T A (13.16)
Al =1, |A] = [Aly
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Hence, Eq. 13.16 becomes,

_ 2-303l
tyn

k og2

_ 2303 0.2018
=R

or tl./1= ‘Oiﬁ .(1317)

We see that for first order reaction, ,, is independent of initial concentration. Let
us see how the rate constant for a 1 order reaction can be obtained through a
graphical method.

Gﬁphical Representation of a First Order Reaction

Let us go back to Eq. 13.15. In this equation, only ¢ and log [A]; are the variables.
- =kt
log[A], = 2303 + log[A]o . -(13.15)

This equalion is of the form, "y = mx + ¢* which is an cquation for a straight line.
This means that a plot between log [A], and f would be a straight line (Fig. 13.2).

log [A], —

@ ——

Fig. 13.2: Linear plot for a first order reacllon

From Eq. 13.15, we, can see that slope ("m” in straight line equation) is equal to
—k/2.303..In other words,

k = -2.303 x slope ' .. (13.18)

Hence log [A], against « plot can help us in determining the rate constant of a first
order reaction. '

Similarly, for a zeroth order reaction and a sccond order reaction also, we can get the -
rate constant from the linear plots as shown in Fig. 13.3 and 13.4. These plots are
drawn as per (he inlegrated rate equations given in Table 13.2 )

[A),

Slope = -k

0 —.

Fig. 13.3: Linear plot for a 2eroth order reaction

Basic Concepts
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Chemical Kinetics

14

Slope = k

1AL

) ——
Flg. 13.4 : Lincar plol for a second order reacllon
SAQ4
The reaction, A + B—> products has the [ollowing differential rate equation,
rate = & [A]' [B]'
[A]p and [B], are the initial concentrations of A and B, respectively; [A] and [B], are

the concentrations of A and B at a lime f. Also [A]y is rot equal o {B],. The
integrated rate law is

[Bly AL, _ (1Al [Bly
1A, Bl - 2303

lo

Suggest a suilable linear plotwhich will be useful in calculating the rate constant.
Also slalc the relationship between Lhe rate constant and the slope.

13.4 DETERMINATION OF ORDER OF A REACTION

To sct up the appropriale rate equation for a given reaction, one necds o know the
order of reaction with respect 10 all the species affecting the rate. A number of
methods arc available for the purposc. The choice of a method depends on its
suitability under given reaction conditions. Let us take up some of these methods.

Initind rate method: As defined carlier the initial rate is the rate of rcaction as
soon as the reaclants are mixed. 11 is the instantancous rake at a time very close to
zero. One way to obtain the initjal rate is to plot concentration versus time graph
and draw a tanpgent al 7 = (. The slope of this tangent gives the initial rate. Bul
usually it is obtained by dividing the change in reactant concentration (A [reactant])
by a brief time intcrval (A r) immediately after the mixing of reactants. That is, we
measure an average rate over a short time. This method takes advantage of the
fact that for a very short time interval in the beginning of the reaction, the
concentration versus time curvz and the 1angent at + = 0, almost coincide with
cach other (Fig. 13.5).
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Basic Concepts

o -
' T Initial rie = slope of wngent a1 4 = 0
. _AB _DE
= = Average rate = slope of OB =5 * stope OE =TE
:":i-:
3
3 el ,
/B
H
v H
< ]
i
A
T Time ) —»

. Fig 13.5: Inlilal rate : In the (ime Af, the averzge rale (slope of chord OB) Is almost equal 10 the
instantoneous rafe al £ = © (slope of tengent OT),

The figure shows that the average rate between time, fp and ¢, represents the initial
raic 10 a reasonable degree of accuracy. :

To understand the utility of initial rate in determining the order of a reaction, let us
constder the following reaction, . -

A + B~———> producis -(13.19)

for which the rate law is,

raic = k [A]" (B]" .(13.20)

For a given sct of concentrations of A and B, the initial rate is determined. The
cxperiment is repeated with a different concentration of one of the componcenls,
while that of the other remains the same. Comparison of these two rates gives the
order of the reaction with respect (o the species for which the concentration has been
Changed. It can be shown as follows. Let us assumec that the R, is the ratc when the
initial concentrations of A and B are a) and a,, respectively. Also let us assume that

R is the ratc when we vary the initial concentration of A, from ay to a,, while the
concentration of B remains as b,

(Rate), = Ry = k (a)" (b )" _ -(13.21)

(Rate), = R, = k (a))” (8,)" ..(13.22)
Dividing R, by R, we get, '

RyR, = (asfa,)” _ -(13.23)

- Taking logarithms, we get,

log Ry/R; = log (azfa )™ = m log (ayla;) W(13.24)
Rearranging we get,
log (R,/R))
Hn = m ) - - (]3.25)

Another experiment is also 1o be performed in which the initial concentralion of B is
varied (to b3) keeping that of A us constant (as a;).

(Rate); = Ry = k (a})" (b3)" . . ..(1326)
Dividing Ry by Ry, we got, Ry/R, = (byb;)" -

Taking logarithms, we get, s
h 1

| | =ity g = pry w) ] — v M -
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Chemica) Kinetics

The moniler substance is added
in a very small amount so that the
reaction does nol go beyond just
a few percemt before the product
shows up.

16

log (Ry/Ry)= n log (b3/by)
Rearranging, we get, _
log (Ry/ky)

Once the values of 71 and 5t are known, the overall order can be worked out. We shall
next discuss clock reactions which are quite elegant for monitoring initial rates.

Clock Reaction:

Clock reactions are designed in such a way that the appearance of one of Lthe
products (in terms of which the reaction is being monitored) is slightly delayed. For
this purpose, a small amount of a substance called a monitor-substance (z) is added.
This by itself does not take part in the reaction but quickly consumes one of the
products (in question) formed. Once whole of this monitor-substance has reacied,
the product shows up. Normally, this product is coloured or gives a distinct colour

. with an ‘indicator’ added in the reaction mixture.

You would recall that we defined initial rate as Ac/As for small values of As from/ = 0.
The amount of added monitor subsiance fixes the value of Ac, and the rate of the
reaction is manifested in terms of Af only. That is why such reactions are called
clock reactions. If (he rate is fast and the product shows up soon, then Ar is small

. 1
(i.e, rate = E)

The reaction between peroxydisulphate and iodide ions is a common exampie of
clock reactions. In this reaction, the product monitored is free iodine (in factIa7),

the monitor substance is 82032“ (thiosulphatc) and the indicator is starch. The
details of the experimenl are given in next unit.

Addition of monitor substance is like winding a clock. The more you wind (i.c. add
more of ‘z’), longer it would take for the product lo show up. In certain reactions,
once the product has shown up, another lot of substance " is added ( the clock is
rewound) and once again the time for the appearance of the product is noted. This
helps in finding rale of reaction at various stages of reaction. The Harcourt-Esson
reaction (Eq.13.28) can be monitored in this way:

HyO,(aq) + 2HY(ag) + 21'(ag) — 15(ag) + 2H,0() . (13.28)

Graphical Method: This method of determination of order is based on integrated
rate equalion developed in the previous section. In this method, dillerent graphs

i _ .
(such as [A] Vstorin [A] Vst ormv:; ¢, etc.) are plotted from the concentration-
time data obtained in the experiment. The order is uscertained from Lhe plot that
gives a straight line. There arc also other methods such as.

*  halflife method

* vanl Hoff isolalion method

We shall not discuss them in detail. You are advised to go through Unit 18 of
Physical Chemistry (CHE-04) course for-further details on these methods.

13.5 SUMMARY

In this unit, we defined the 1erms such as rate law, instantancous rate, inital rate,
order of the reaction elc. We explained the factors aflecting the rate ol a reaction.
The differcniial and integrated rate laws were defined and illustrared. The principle
of clock reaction was discussed.
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Basic Concepts

13.6 TERMINAL QUESTIONS

1. Whal do you understand by
i) average rate
ii) instantancous ratc and
iii} initial rale of reaction?

2. The hydrolysis of benzene diazonium chloride can be represented by the
following cquation

CgHsNyCl(ag) + H;O0 ——> C,H;OH(aq) + N,(g) 1 ’
Suggest a suitable method to follow the progress of the reaction.
3. Far the following reaction, write various equivalent ways of expressing rate: ‘
2CHCI4(f) + 70H (ag) —> CO(aq) + HCOO (aq) + 6CI (aq) + 4H,0()
4. What is half-life period of a reaction ?
5. What are clock reactions? Give an example.
6. Stale true (T) or false (F):

i}y order of a reaction can be ascertzined from its stoichiomelry.

i) differential rate law rclates concentration to time.

iii) order is an experimental property.

iv) pgraphical method for determination of order is a hit and trial method.

13.7 ANSWERS

Self Assessment Questions

A [Na] | [NH;;]
1. Avcrage rate = YRRy
d[N d[NH
Instantaneous rate = — [N - 1 [NHs]
dr . 2 dr

2. 1) spectrophotomelry
it pH messurement, conductometry or titration

lif) pressurc measuremeni.

3. Order with respect to Chis=1
Overall order of the reaction =2+1=3
Units for k=M?%"

4. Splitting the log. terms we get,

og Ak 1Al [Ag]-[By]
LB, T 233

which can be rearranged as

Al [Ag]-[Bol Al
YEL T zam Mt los g,

A plot of log({A]/[B],) versus ¢ would be a straight line with slope cqual lo

([Alo - [Bol)e
2.301

17
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_ 2303 x slope
Hence, k= al, - By

- Terminal Questions

1.

i)  Average rate is the change in the conceniralion of a given species divided
by the time in which it takes place.

ij) Instantaneous rate is the rate of change of concentration of a given
species with time al a given time. It cquals the slope of tangent 1o the
concentration versus time plot at the given time.

iii) The rate of reaction. immcdiately after the reactants are mixed is called
initial rate. It is the average rate at time close to zero.

The reaction can suitably be followed by measuring the volume of N,
produced.
| d [CHCI3)

d tox—n _dJCO] “ d[HCOO] 1d[CI'] | d[H,0]

1 1 |
2 dt T 4t dt . dt -6 dr 4 4t
Half-life period of a reaction is the time taken by (he reactants to get the
concentration reduced to half the initial value,

Clock reactions are the ones in which the appearence of one of the products is
delayed by adding a small amount of a substance which consumes it. Such
experiments are designed to study the rate of a reaction. The time taken for
the product to show up js a measure of rate. An example is the reaction
betwecen S,_O%' and I'; the appearcnce of free I, is delayed by adding sodium
thiosulphate. '

i) F i) F iif) T iv) T.
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. UNIT 14 INITIAL RATE METHOD ‘ -

Structure .

141 Introduction
Objectives
142 ~ Experiment No.15 : Kinetics of Reaction Between Sodium
' Thiosulphate and Hydrochleric Acid by
Initial Rate Method
Principle
Requirements
Procedure for Experiment 15 (g) : The Order of Reaction
in s,_o%‘ Ions
Observation for Experiment 15 (a)
Calculation for Experiment 15 (a)
Procedure for Experiment 15 (b) : The Order of Reaction in
H” Tons at Low Concentration Range .
Obscrvation fof Experiment 15(b) “
caleculation [or Experiment 15(b)
Experiment 15(c) : The Order of Reaction in HY tons at
Moderate Concentmation Range
Observation for Experiment 15 (c)
Calculation for Experiment 15 (<)
Rate Equations ’
Result
143  Experiment No.16 : Kinetics of Reaction Betwecr
Peroxydisulphate and Iodide Ions by Iodine Clock Method
Principle I
Requircments
Procedure for Experiment 16 (a) : The Order of
Reaction in 5203_ lons
Observation for Experiment 16 (a)
calculation for Experiment 16({a)
Procedure for Experiment 16 (b) : The Qrder of
Reactionin I” lons
Ohscrvation [or Experiment 16(b)
Calculation for Experiment 16{b)
Rale Constant for the Reaclion Betwxeels 82032- end 1
Procedure for Experiment 16{c): The Effect of Catalys! on the Reaclion Between
$,0% and 17
Observation for Experiment 16{c)
Calculation for Experiment 16(c)
Resulls
144 Summary
14.5 Answers

14.1 INTRODUCTION ' .

In the previous unit, you have learnt about the basic concepts of rale, rate laws, order
of a reactlion ctc. You have also learnt about various methods oi delermination of
order of a reaction. In this unit, we shall discuss in detail two experiments based on
initial rate method. In these experiments, you will monitor the time taken for a
certain part of reaction to occur. In first experiment, we shall determine the order of .
reaction with respect Lo the reactants, and set up the rate equation. In second
experiment you will aiso determine the rate constant and study the effect of catalyst

19
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5{C): Sulphur in coltoidal form.

20

!

on the rate of the reaction. In the next unit, we shall talk about experiménts based on

integrated rate equation method.
Objectives
After studying this unit and performing the experiments, you should be able to-

compule the order of a.simple reaction with respect Lo reaclants,
set up the rate equation for ihe reaction,

calculate rate constant of a reaclion, and

describe the effect of catalyst on the rate of the reaction.

14.2 EXPERIMENT NO.15: KINETICS OF REACTION
BETWEEN SODIUM THIOSULPHATE AND HYDRO-
CHLORIC ACID BY INITIAL RATE METHOD

14.2.1 Principle
Sodium thiosulphate reacts with hydrochloric acid as per the following equation,
N2,5$,04(aq) + 2ZHCl(ag) ——= H;0(1) + SO4(ag) + 5(C)

+ 2ZNaCl(ag) ...{(14.1)

In this reaction, colloidal sulphur precipitates out. Lel us see how we can follow the
progress of the reaction. In this reaction, there are iwo reactants and four products,
i.c., a total of six species. In principle, the reaction can be followed in terms of any of
these six species. However trom practical point of view, we can use the formation of
colloidal sulphur to follow the reaction. Sulphur precipitated in colloidal form
imparts turbidity to the reaction mixture. It is this property which is exploited 10
follow the progress of reaction in this experiment. What is done is that a known
(fixed) volume of the reactants is taken in a beaker placed on 2 glazed tile marked
with a cross, *X". The reaction mixture is clear 1o begin with and, we can see the cross
mark through it.

With the progress of reaction, there is an increase in'turbidity and the mark becomes
obscure. This would happen only alier a certain amount of sulphur has got
precipitated. As very small amount of sulphur (corresponding to very liltle progress
of the reaction) is sufficient 10 obscure the cross mark, the time taken for the mark
1o disappear (Ar) is a measure of the initial rate and, it is inversely proportional to
the initial rate.

: . 1 ‘

L., itial ral — ... (142
i initial rate & - (14.2)
or initial rate = 5‘%"—' : ... (143)

Eq. 14.3 can be further ¢xplained by considering Fig.15.1. In this figure, it can be
secn that the initial rate is expressed 1o reasonable degree of uccuracy by the average
rate between time 0 and time ¢,.

Average rate between lime 0 and time 1, = %':— = slape of chord OP.

where dc is the change in concentration of sulphur and dr is the time needed to
obscure the cross. )

Therelore,
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Slope of tangent, OT, at time zero = slope of chord ) Initial Rate Method
. Cl '
OP=—
I

Since the slopes of OP and OT are quite close,

©
initial rate (slope of tangent OT) = ra
1

mass of
sulphur
precipitated

O .'0..__..“
- imes
Flg. 14.1: Varlation of amount of sulphir precipliated with tine

Although we will be doing this experiment through many parts, we are going to kesp
volume of the solution same throughout, Therefore, the depth of solution in the
beaker is constant each time. Thus, the amount of sulphur needed (¢ obscure the
cross is the same in each part of the experiment.

As there are two reactants in the reaction, it is necessary to find how the initial rate”
for the’ prec:pnauon of sulphur depends on concentration of each of these. For this,
we keep the concentration of one of the reactants constant, while varying that of the
other and measure the initial rate. By using the data’ 50 obtained, we can find order of
reaction with respect to each reactant.

The general form of rate law for this reaction is given below:

Rate = k [S,07]" [H*}" .. (14.4)

Where m and n are thé orders of reaction in szog- and H*, respectively. Combining
Eqs.14.3 and 14.4 for initial conditions,

Initial rate = 9’%"“—‘ = K{S;0% " [H*]"
or . El? = ky[S;05)" [H*]" ... (145)
where k= _k__ . ®
constant
Taking logarithms,
log (1/A7) = logky + mlog [S;057} + mlog[HY] ~ ... (146)
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Chemtenl] Kinetics

Since [H*], (5,027 )-and 1/Arare

fractions, log [H*]. log [8203_]
and log (1/A r} arc ncgative
quantities. But it is convenienl to
make plots using positive
cnordlnar.s Hence plols of -log
(1A 1) 1ga:nsl —log [820, | and

-log (17Ar) against ~log [HT)] arc
made. )

You will draw graphs I, 1T and It
as per data entered in Observation
Tables 1, Il and [Tl in Sec. 19.24,
14.2.7and 14.2.11.

Order of Reactlon in S,03~

To determine the order of reaction in szog“, we shall keep the concentration of H*

ions constant. Since the sum of 1wo conslant lerms (viz., log &, + n log [H™] in Eq.
14.6) is also 2 constant, we can simplify the equation by writing,

log{1/AL} = e lug [Szog_] + constant
or -log(1/4r) = —-mt log {szog‘] —constant ... (14.7)

This resembles an equation for a straight line, y = mx + ¢ (where 2 is the slope of
the line and ¢ is the intercept as discussed in Sec. 2.6 of Unit 2 of Lhis course). When

-log (1/ As) is plolted against -log [szog“] a straight line curve (Graph I) is 10 be
obtained. The slope of this straight line gives the order of rcacuon wilh respect to
8,02
S,

i.c., order of the reaction in SZO%"=m = slope of graph 1~ ' .- (14.8)

Order of Reaction in H*

Similarly we can perform a tew experiments, where the concentration of SZO§' ions is
kept constant and that of H™ ions is varied. The modified form of Eq. 14.6 becomes

log(1/A) = n log [H*} + constant
or —log(1/M) = —n log [H+] — constant ... (14.9)

where constant refers to the sum of the constant terms, viz., log &, + m log [szog’],
in Eq. 14.6.

A plor of - log(lfm) versus —log [H*] is expected to'be a straight line (Graphs IT and
11) with slope equa! to the order with respect to [H*]. .

i.e., Order of the reaction in H* ions = n
(at low concentration) = slope of graph 11 ... (14.10a)
Oider of reaction with respect 1o HY jons = »’
(at moderaie concentration} slope of graph IH ... (14.10b)

Rate Laws

" Finally we shall write the rate laws for the reaction between szog‘ ions and H™ jons

22

both at low and moderate concentration of H™ jons. To wrile the rale laws under

* these conditions, we use Eq. 14.4 as follows:

Rate =k, [S,0,]" [HT}" . (14.11)
“(at low HY ion | '
concentration)

Rate = k5 [S;04)" [H*]" L (14012)
{(moderate i
concentration)

Notc that k and k arc the rate constanis at low and moderate HY jo
wnccnlrauons re.spcclwely

Afller performing Experimenis 15(a) - (c), we shall calculate s, n and n’. Also we
shall subsltitule these values in Eqs. 14.11 and 14.12 to obtain the rate laws at low and
moderate H* jon concentration. In this experiment we are not going to calculate the
value of k, and k4.
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14 2.2 Requirements

Apparatus Chemicals
Burettes (50 cm 4 Sodium thiosulphate
Beakers (100 cm™) . 10* Hydrochloric and
Glazed tile 1 Distilled water
Stop watch - 1

Solutions Provided

Sodium thiosulphate (stock) (0.25 M)

HCD) (3 M)
HCI (I1) (0.75 M)

14.2.3 Procedure for Experlment 15 (a) : The order of reaction in
5203 ions

. Take tour clean and dry burettes and label them as S:,_O%', HCI(I), HCI (1I)

and water respectively. Rinse the burettes with corresponding solutions and
fill with them. _

2. Take len clean 100 cm> beakers. Arrange these beakers in two rows with 5 in
each. Label the beakers of one row as 1 to 5 and that of the other as 6 to 10.
The first row is for thiosulphate solution and the sccond is for hydrochioric
acid solution.

3.  Take the bcakers corresponding 10 row [ one by one and {ill the stock
thiosulphate solution into them as given under column II of Observation
Table-I. To these, add water as detailed in column number 111 of Observation
Table ~ 1. To the beakers of row II, transfer HCI (I} as given under column
IV,

4.  Take clean glazed white tile and put a cross mark on it with the help of a ball
point pen.

5.  Take two beakers marked 1 and 6 and pour HCI from 6 into the contents of
1. Start the stop watch when haif of the HCI has been transferred. Place the
beaker on the tile on the cross mark and swirl it gently. Turbidity begins 10
appear and the cross mark slarts getting dim. Put off the stop walch when the
cross mark just disappears.

6.  Record your observations in column VIII of Observation Table - I. Repeat
the same mixing the conlents of 2 and 7; 3 and 8; 4 and 9; and 5 and 10.
Record your data in each case.

14.2.4 Observation for Experiment 15(a)

Molarity of stock sodium thiosulphate solution =
Molarity of HCI (I) =
Observation Table — |

Inltiol Rate Method

[{ sulficient number of beakers
is not available, the experiment
can be done with just two
Beakers.

Details for the p'reparation of the
solutions are given in Appendix-1.

Use burettes for adding stock §,05°,
solution, water and HCI solutions.

Aliernatively you can put the cross
mark on the botlon (outside) of the
beaker and place it over a blank tile
or a clean white paper or a filter

paper.

I II 18] v v VI VII VI IX X
SL {Volume of | (Volume | (Volume of {H"’] [Szoi'] “log [510?] Q/a5s g [Dgll
No. | qiock 5,0T of water) HCI(T) Al

solutfon) |
o’ em® e’ M M M )

1 3 .2 15

Z 6 19 15
b

3 9 16 15
4 12 13 15
5 15 10 15
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* Chemicul Kinetlcs

NB: [H*]as per column (V) slands for the molanty of HCI (}) in the reaction

m_1xlurc and in each case, it is equ:;l to 15x Molan;g of HCl () M

since HCI(I) is diluted to 40 cm® in each case.
[szog'] as per cotumn (V1) stands for the molarity of thiosulphate solution in the
reaction mixiure and it is equal to
(Volume of stock szog‘-) x (Molarily of stock 820%_) o
‘ - 40 '
since stock SQO%' solution is diluted to 40 cm? in cach case.

15.2:5 Calculation for Experiment 15(a)

Use data from columns X and V1I of observation table I and plot graph [ with
~log (1/A) against ~log [S,027]. -

The slope of the straight line =
plotin praph 1

per Eq. 14.8, the orderof - =m
the reaction in S, Oﬁ" jons
= slope of graph I
= ... (to the ncares whote number)

14.2.6  Procedure for Experiment 15(b) : The Order of Reaction in
H* ions at Low Concentration Range

Prepare solutions as detailed in Observation Table ~ 1. Procecd cxacily as in the

. above case. Note thatin this case, water is to be added to HCI (IT) solution and net

to S,0%™. Also you may add S.,02 solution into the beaker containing hydrochloric
P ¥y Y AR B hy

acid. Record the time taken [or the cross mark to be observed and enler in
Observation Table — I under column VIL.

14.2.7 Observation for Experiment 15(b) .

Molarity of Sodium thiosulphale HCI (1)
Molarity of HCI (IT) =

Ohbservation Tahle IT

TR TSI

I 1 I v v VI VII VILI 1X X
SL {Volume (Volume |{Volume of [H+] lszoi—l -log [H+] { 1 s —log -I—S
No. | ofstock | ofwater) |- HCKII) ' v d

S,07 ‘
cm’ em?”’ cm® M| M M )

I 15 24 1
2 15 23 2
3 15 22 3
4 [5 2t +
5 15 20 . 5
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B: [H*]as per column (V) = (Volume 9!‘ HCI (11}) x (Molarity of HCl (11) M

40

2 15 x Molarity of stack [Szog_]
[S;03 as per column (VI} = — 0 M

Note that HCI(II) and stock §,03~ are diluted to 40 cm? in each case.

142.8 Calculation for Experiment 15(b)
Plot graph II with —log (1/Af) apainst — log [H"’} using columns
X and VII of Observation Table II.
The slope of the straight line plot in graph Il =

As per Eq. 14.10a, the order =n
of the reaction in H* at low
concentration range

slope of graph 11
. (1o the nearest
whole number)

14.2.9 Experlment 15(c) : The Order of Reaction in H* Tons at
. Moderate Concentration Range

Prepare solutions as detailed in Observation Table - 111. Procecd exactly as in case of
Experiment 15(b). Record your time data in column VIII of Observation Table ~ 111.
Nolc thar HCI(l) is used as stock solution in this case to prepare solutions of desired
H concentration. :

14.2.10 Observation for Experiment 15(c)

Molarity of sodium thiosulphate =
Molarity of HCI (1) =

Ohbservation Table [T

Initinl Rote Method

I II - I v v Vi VII VIIT IX X
51 (Volume | (Volume |(Volume of {1 [510.%_] -log [H*] At g ~ log LI
No. ofstock | of water) Haid) : o

S,07
solulion)
cm’ cm’ em? AM M M (s)

I 15 13 12
2 15 10 15
3 15 7 18
4 15 4 21
5 15 1 24

' \ f
NE (H*} as per column (V) olume of HCI(]) ):OMolanly of HCI (I)
. 15 x Molarity of stock 5201_
[5,035 | as per column (VI} = - a0 -

14.2.11 Calculation for Experiment 15(c)

Plot graph I with -log (1/ar) against -log [H*] using columns X'and VIi of
Obscrvation Table II.
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Chemical Kinetles ' - The slope of the straighl line plot in graph III =
As per Eq. 14.10b, the order =n'
of the reaction in H* at moderate
concentration range

slope of graph III
.... (to the nearest
whole number}

15.2.12 Rate Equations

Depending on the value of 5 and ', the rate equalions are written as follows:
A possible explanation [or Lhe . . . . +
change in order with respect to (i) Rate equation in low concentration range of H
hydrogen ion Is that in Using Eq. 14.11, rate = kz[szo3]”',[H+]"

concenlated hydrochloric acid the

concentration of hydrogen ionis ) .. il J—— ) .
smaller as the jons begin to (i) Rate equation in moderate concentration range of H™:
associate into the jon pair, HYCI™ Using Eq. 14.12, rate = k3[5203]m[H+]"‘
- =Ky e -
14.2.13 Result .

Overall order of reaction at =m + n (atlow H* concentration)

low H* concentration

Overall order of reaction at = m + n’ (at moderate H* concentration)
moderate H* concentration

- Rale equation at low HY jon concentration =g 2
Rate equation at moderate H* ion concentration = iy ............
SAQ 1

Can we [ollow the progress of the reaction in terms of the concentration of H ¥ ians?
Give rcasons. )

EXPERIMENT NO.16 : KINETICS OF THE REACTION
BETWEEN PEROXYDISULPHATE AND IODIDE IONS
BY IODINE CLOCK METHOD

143.1 Principle

In the previous unil, you have learnt about the clock reactions. In this experiment we
In fact i, has very poor solubility are going to make use of such a technique 10 determine the order of the reaction
in water. It reacts with free iedide ity respect to each of the two reactants, peroxydisulphate ions and jodide ions

ions and stays in solution in the 2 }
form of complex ion, I}, The (5,05 and I"). These two rcactants reacl as follows:

fallowing equilibriem exists in

2qucolis solutions, 8205_ (eq) + 21" (a) = ZSO%' (aq) + Ix{aq) - - (14.13)

L+T &= j] )
: In this reaction 820;‘;‘ oxidizes iodide ion Lo iodine and, gets reduced 1o SO;™ ion.
lodine by itseif is coloured, but in very dilute solutions the colour is too faint to be

26 observed distinctly. So an indicator, starch, is added for the purpose.
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Iodine gets liberated as soon as the reaction begins. In order to design the clock
reaction, we add sodium thiosulphate as the monitor-substance. It reacts with I, as
per the following equation:

I, (ag) + 25,03 (aq) = 20 (ag) + $,0% (aq) co. (14.14)

The iodine liberated due to oxidation does not give blue color with starch in the
presence of $,02" since 5,03 reduces iodine back to I". It continues till all the
added szog‘ is exhausted. The quantity of iodine produced before the blue colour

appears is controlled by the amount of thiosulphate ions present. As we are
interested in initial rate of the reaction we add very small amount of S,0%" ions.

Although we are going to perform this experiment in three parts, we shall keep the
concentration of thiosulphate same. As very small amount of iodine liberated after
complete consumption of thiosulphate is enough to give blue colour with starch
solution, the time (Ar) taken for the appearance of blue colour is a measure of the
initial rate.

The rate equation for the reaction between S,03” and I” can be written as follows:

— 2_
Rate = A-zo—_a-l

=k[S08 1T - .v. (14.15)

where m and n are the orders of reaction in S, Og- and T, rcSpeclively:

For the convenience of calculating the reaction rate, we use the following teéhm'quc
which is partly arithmetic and partly experimental.

We add up Eqs. 14.13 and 14.14 to get the Eq. 14.16.
5,087 (aq) + 25,0 (a)——> 250% (ag) + S0 (ag) ... (14.16)

From this, you can see that the rate of copsumption ofszog' is related to the rate of

consumption of szog' as per the following equation:

. Rate =

-A[S;08] 1 -A[S;0%]
At A

.. (15.17)

A [S,0%7] consumed
At

[ ST TR S ¥ IeS

While doing this kinetics experiment, we take a known concentration of thiosulphate
and note the time taken for its consumption (by way of appearance of blue colodr
due 1o iodine). Hence, we can easily calculate the rate of reaction in terms of

. thiosulphate consumed.

Now we shall see under two different headings as (o how to calculate the rates of
reaction in $,024~ and ™ ions.

From Eqgs. 14.15 and 14.17, we can write,

815,037] consumed
rate =% 15203 L, = kS0 T ... {14.18)

Taking logarithms,

A [S,0%7] consumed
log (rate) = log - (52 32]N

=logk + mlog [$,057] +nlog[I] ... (14.19)

Initial Rate Method

Nole that ‘rate” here means
fnilial rate

2—
1 45,05 ]
Note thay > A

quantity, since - A {szo§'1 is equal

is a positive

to the coneentration A[S,027)
consumed.

You have to note carefully thal the
rale for the reaclion belween 8203_
and I' ions is measured in terms of
consumplion of 8203_ ions. This is
made possible through Eqs. 14,16
and 14.17.
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Chemlcal Kioetics

Note that in sll the parts of
experiment 16, Lthe
concentration ol'SzOE" is kept

constant.

All the eatalysts do not increase the
rate; some even make the reaction
ilower. For details on catalysts and
‘heir mode of action, refer to Unit
21 of Physical Chemistry (CHE-04)
ourse.
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Using Egs. 14.18 and 14.19, we inlend calculaling

the order of reaction in Szog" ions (m)

the order of reaction in I" ions (1), -
the rate constant (k), and
the effect of catalyst on the reaction rate.

The Order of Reaction in SZO:‘ Ions

In a series of experiments under Experiment 16(a), we shall keep{I"] as constant
while varying [szog-]. Then, among these experiments, log k + n log [["] isa
constant. '

Thus Eq. 14.19 becomes,

A[Szog‘] consumed
2N ,
=mlog [5205’] + constant L .. (14.20)

log (rate) = log

Since rate is known Irom a[szog'] consumed and Ar values, it is possible to calculate
log (rate).

The data are entered in Observation Table-1V. By plotting log (rate) against
log {szog-], a straight curve (Graph IV) is expected. The slope of Graph IV gives the

order of reaction in [szo,?‘] ions (m).
The Order of Reaction in 1" Ions

In a series of experiments under Experiment 16(b), we shall keep [Szoﬁ"] as

conslanll which varying [I7]. Then, among these experiments log & + ni log [8205'], is
a constant. Thus Eq. 14.19 becomes,

a[szog‘] consumed
2Ar
=m log [I'] + constant ... (14.21)
Since rate is known from A[SZOE_] consumed and Ar values, it is possible 10

calculate og (rate). The dala are entered in Observation Table — V. By plotting log
(rate} against log {I7], a straight curve (Graph V) is expected. The slope of Graph
V gives the order of reaction in I” ions (r).

log (rale) = log

Rate Constant for the Renction Between szog‘ and I™

Using [szog‘-‘], [I"], m and n, we shall calculate the rate constant of the reaction using
Eq. 14.22.

Rate

k=—m-_—; ... (14.22)
[5:087" 7]

The Effect of Calalyst on the Reaction between SZO;‘;" and [

In experiment 16(c), we are poing to study the effect of a cutalyst on the rate of
reaction. You would recail that caialysts are substances which alter the rate of
chemical reaction without actually being consumed. A catalyst provides an alternate
route for a reaction. This route generally has a much lower aclivation encrgy, as
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. compared to the reaction without a cartalyst. The rate constant generally increases ' Initln] Rate Method
linearly with (he cancentration of catalyst added. In this regard, we can write a
generzlised equation as follows: :
k = kg + k_ [catalyst] ' ... (14.23)
where k is the rate consiant in the absence of a caialysl and k&, is the rate constant in
the presence of a catalyst.

In Experiment 15(c), we shall measure the rate of reaction between szog‘ and I" in
the absence and presence of Cu®* jons (catalyst) and enter the data in Observation
Table VI. We shall then calculate & for ¢éach case. A plot is made with & against
[Cu®*] (Graph VI). The slope of Graph VI gives the value of ..

k. = slope of Graph Vvl e (14.24)

The y -intercept of this plot gives k, value which should be close to the k value
obtained in Subsec. 14.3.9 as per Eq. 14.22.

Now we will do three sets of kinetic experiments for calculating these kinetic
parameters. )

14.3.2 Requirements -

. Forall these scts of experiments we require the following apparatus, chemicals and

solutions.
Apparatus Chemicals
Burettes (50 cm3) =35 Potassium peroxydisulphate
Beakers (100 cm3) =10 ‘Potassium iodide
Stop Watch = Sodium thiosulphate
Graduated plpelle (10 cm ) -1 Copper sulphate ((.0025 M)
Siarch
Distilled water
Stock Solutions Provided w Details for the preparation of Ui
stack solutions are given in
Potassium iodide (0.2 M) Appendix I1.

Potassium peroxydisulphate (0.01 M)
Sodium thiosulphate (0.002 M)
Starch solution

14.3.3 Proczdure for Experiment 16(a) : The Order of Reaction in
szog‘ ions

(1) Take four clean and dry burettes and label them as szoz*, I SZO?;‘ and

water, respectively. Rinse the burettes with corresponding solutions and fill with
them.

(2) Starch solution can be transferred using a smalt (10 cm3) measuring cylinder
or a graduaied pipette. Howcver if a burette can be made use of, it would he
hetier.

bl
(3) Similar to the previous experiment take ten 100 cm® beakers and distribute
inio nwo batches of five each. Label one batch as 1 to 5 and, the other as 6 o
10. One baich is for peroxydisulphalc and the other is for iodide solutions.

{4)  Tike the beakers of first batch and transfer the solution of szog‘ into them

from the burette as per column 11 of Observation Table IV. To this, add waier

as detailed in column 11 of Observation Takle IV,
: 29
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Chemical Kinetles (5) Similarly, in the second batch of beaker, transfer I', Szog_‘and starch solutions
as detailed in column numbers IV, V & VI of Observation Table V.

(6) Once the solutions are ready, take first pair of beakers marked 1 & 6, and
pour 5205‘ solution from 1 to 6 and start the siop watch, when half of szog‘

solution has been poured. Gently swirl the beaker, and look for the
appearance of blue colour. Pul off the stop watch as soon as the blue colour
appears and record the lime in Observation Table I'V (column VII).

(8) Repeat the same with rest of the four pairs of beakers and, record your data
in Observation Table IV,

14.3.4 Observation for Experiment 16(a)

Molarity of stock S,02~ solution

Molarity of stock [, solution
Molarity of stock szog‘ solution

Observation Toble IV

I I HI v v VI VII
Sl (Volume of §,03~ (Volume of (Volum_e of I I volume of 5,02 { Volume f)l' Y743
No. solution) waler) solution} jon solution) starch solution)

em’ cm’ cm’ cm’ om?

1 10.0 100 20 9 |

2 125 15 20 9 1

4 17.5 25 20 9 1

5 20,0 0.0 20 9 |

T

14.3.5 Calculation for Experiment 16(a)

Note that total volume in each case is SO cm-.

SITICE-[SIO_‘. ] taken lor each [Szog_] in each case =
experiment is consumed

complelely. lszoi_lpl‘eﬂnl {(Volume of 8205’_ solution} x {concentration ol stock SZO%" snlution_)_

initially in a reaction mixiurc S0 !

= [5,0; "} consumed.

20 x (concentration of stock 17 solulion) o
i
50

since 20 cm® of 1™ solution is taken each time.

[T"] in each case =

[820%" ]-consumed in cach case

. ¥ .
9 x concentrationol stock S:O_‘; solution
- 50

since 9 cm® of 820.%_ is taken cach lime and is completely consumed.

The values of | Szog‘ ] {I") and { 8205’ Jare enmered in Table A given behsw, Note

- - -
that in cach case, rate is equal 1o [$,057] consumed/2 Ar.
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Initial Rate Method

Table A
| 1 I IV v VI Vil
Sl lSzOE’ ] (] [SzO:-I ) (Rawe) log (rate) log [SZO:-]
No - consumed
M M M Ms Ms™! M
1 .
2
3
4
5
graph is plotted with log (raie) against log [szog'] (graph IV},
From Graph I'V, slope of the line = .......
The order of reaclion with respect to szog' =n= ... (1o the nearest
' whole number)
14.3.6 Procedure for Experiment 16(b) : The Order of Reaction in
I' ions
Proceed in a way similar to the Experiment 16(a) and make solutions as detailed in _
Observation Table V. Note in Lhis case, water is added to jodide ion solution and not
to szog-. Record your Itme data in this table.
14.3.7 Observation for Experiment 16(b)
Observation Table V¥
I 11 1 v v VI Vil
51 (Volume of 520:- {Volume of (Volume ol’SZO';’ (Volume of .
No. solution) {(Volume of water) I"solution) solution) starch solution ¥
em’ cm’ cm’ m® cm? s
1 20 10.0 100 9 1
2 20 7.5 125 9 1
3 20 5.0 15.0 : 9 1
4 20 25 17.5 9 1
5 20 0.0 20.0 9 1

14.3.8 Calculation for Experiment 16(b)

As done under Experiment 16(a), the values of [Szog’], [ [szog’] consumed, rate,
log rate and I™ are calculated and entered in Table B.
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I | = Pk iallymrag s . .3 fum = 3 - [y =

Chemical Kinetics Tahle B.
1 n Il v v VI VI
Sl (5,0F ] 8,07 Rate tog (rate) log [T]
No consumed . .
M M M Ms! Ms! M
3
‘2
3
4
5

Calculation
While entering the value in
Table C, use l!aree values each Table - C
[rom observation lable IV and
V. Note that k is calculated using 1 11 111 v v
Eg.14.22, . '
N ] Sl. No. [Sz OB] (1 - Rate (k+ )
ote that the units of k are -l Mt

equal to M"“““’ ! where M i 4 i -
stands mol dm™. You include 1
units of k£ in your results.

2

3

4 i

5

. 6

A graph is plotted log (rate) against [I'] (Graph V)
From Graph V, slope of the line
The order of reaction with respect to [

143.9 Rate Constant for the Reaction Between 5,0, and I”

=n

S — (to the nearest
whole number)

We shall calculate the rate constant of this reaction using Eq. 14.22. For that, we

enter the values of [S,027, [I'}, m and n as obtained from Experiments 16{a) and, -

(b) in Table C.

Averagevalugol &k =

143.10 Procedure for Experiment 16(c): The Effect of Catalyst on

the Reaction Between 8205_ and I-

1. Take a clean and dry burette and label it as Cu
CuSQ, solution and fil with it.

2 Prepare solutions as detailed in Observation Table VI. Nole that onc batch of

beakers will have solutions of szog‘ and Cu®* ions along with water, while

2+ Rince the burette with

IO ERET R
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the second batch would contain solutions of I~ S,02~ and starch. Record , Iuitin Rate Method

your time data in Observation Table V1. Proceed as per Experiments 16(3)
and (b) and record the time (As) for the appearance of blue colour.

143.11 Observation for Experiment 16(c)

Observation Table~-V1

(Y= gt p—y wp i i

1 1l 11 v v vl vII VIl
SI. (Volume of 5,03 | (Volumeof | (Volume of (Volume of | (voume of 5,02 | (Volume of g
. No (Solution) Cu“+ solluuon) watcar) 1 solut;on) (Solution) starch sc;luuon At
: em’ cm tm cm> J cm s
i _ 15.0 00 - . 10.0 15.0 9 I
2 15.0 20 7.0 15.0 9 1 }
3 150 50 5.0 150 9 1 !
4 15.0 7.5 2.5 150 9 !
5 15.0 10.0 0.0 15.0 9 i
+

143.12 Calculation for Experiment 16 (c)

Based on the Observalion Table VI, complete the foilowing 1able (Table D). Plot a
graph (Graph - V1) using data from column V and VII of Table D,

Table - D
1 1I I v v
Sl No. S, 0F7) 1) Rate k
M M Ms™! M Cokn) o~
k is calculaled using Eq. 14.22
! asio Table C.
2
3
4
5
6

From graph VI, slope = k. =

intercept from graph VI = ky =

14.3.13 Result

Order of the reaction with = m =
respect 1o 82082'
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Chemicnl Kinetics Order of the reaction with =1 =

34

respect to I

Average value of k =
(from subsec. 15.3.9)

SAQ-2

Difference between k, and k"

144 SUMMARY

In this unit, we have discussed the details of Experiments 15 and 16 which deal with
the "kinetics of reaction between sodium thiosulphate and hydrochloric acid and
initial rate method and kinetics of reaction between peroxydisulphate and iodide
jons by iodine clock method. :

144 ANSWERS

Self Assessment Question

1. HClis consumed in the reaction. But, SO, obtained as a product, also gives
an acid (H,SO,)} on dissolution in water. As this acid is weak, its dissociation
would depend on its concentration (which is changing continuously) and, we
would not know its contribution 1owards the acidity of the solution. Hence,
we could not use H' concentration to monitor the progress of the reaction.

2.k, stands for the rate constant for the reaction between szog‘ and I in the

absence of Cu®* ions while k, stands for that in the presence of Cu?* ions.
-
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APPENDIX - I

Sqdivm thiosulphate 0.25 M : Prepared by dissolving about 62.5 g of sodium
thiusulghale crystals (Na;5,0,.5H,0) in distilled water and making up the volume
w1 dm-.

Diuidni vnoauipnawe ({iiySyJs. oriy0) 1S not a primary standard. [t has to be
standardised. It can be standardised by tilrating against standard potassium
dichromate solulion iodometrically using starch as indicator. The procedure is piven
below: ‘

Standardisation of [S,037]

Into a 250 cm® conical flask, pipette 20 cm”® of standard potassium dichromate
solution (0.04 M). Add 10 cm® of 1 M sulphuric acid and 1 g of sodium hydrogen
carbonate into the conical lask with gentle swirling. Then add 0.5 g potassium iodide
or 10 em® of 5% KI solution, swirl, cover the flask with watch glass and allow the
solution o stand for 5 minutes in a dark place. Titrate against sodium thiosulphate
solution taken in the burelte, until a light pale yellow colour is obtained. Add'2 cm®
of starch solution and continue the titraiion till the blue colour of starch iodine
complex disappears. If M, and ¥, are the molarity and the volume of K,Cr,0; uscd
whereas M, and V;, are the molarity and volume of thiosulphate required for
litration. then the molarity of Na,S,0, solution could be obtained as follows:

As per Eq. 1.13 and the stichiometric equation given in the margin,

MV _1
MoV, 6
6M, V,
or M, = v,
or  Molarily of thiosulphate solution = M,
120M;
= v,

(since V, = 20 em?)
HC!I (1)

This is grepared by taking 250 cm® of concentrated hydrochloric actd and diluting it
to 1 dm” using distilled water.

HCI (I1)

This is prepared by taking 250 cm® of HCI (1) and diluting to 1 dm>. HCI (11) can be
standardised by titraling against a standard solution of Na,CO4 using methyl orange
as indicator.

Standardisation of Hydrochloric acid (HCI-II)

Pipette out 20 cm? of standard Na,COj4 (0.4 M) solution into a 100 cm? conical flask.
Add 2-3 drops of melthyl orange indicator; the solution would turn yellow on
addition of this indicator. Titrate with HCI (II) taken in the burctte. Swirl the conical
flask after each addition, Continuc the titration till a permanent red colour is
obtained as the end point. If M and ¥, are the molarity and volume of Na,CO4
solution, whereas M, and ¥, arc the molarity and volume of HC, then the molarity
of HCl would be given by the following formula (as per Eq. 1.13 und the
stoichiometric equation given in the margin):

. 2M\V, 40M,
Molarity of HCI (II) =M, = b7
2 2

(since V| = 20 cm®)

.somewhal unstable. [t can easily be

_dichromalte solulion, You can

-

Initial Rate Method

== Fam - - Sy i) ¢ =

Sodium thiosulphaie solution is

attacked by air borne baclerda with
the liberation of sulphur. So the
solution should normally be prepared
fresh before use. [n case a turbidity is
observed, the solution should be
discarded.

The dichromate solution can be
prepared by weighing accurately
about 3 g K,Cr,0,, dissolving in
water and making up to 250 cm’in a
standard flask. Then moleuity will be
aboul 0.04 M.

TSTE LR EHT

L

We take 0.0417 Af thiosulphate
solution 1o titrate against 0.25 Af
dichromale solulion in order to keep
the molarity of thiosulphate 1/6 that of
dichromate. This will help you in
kee}ping Lthe titre value to around 20
cm® when ritrating against 20 cm’ of

understand this using Eq. 1.13 of Unit
1 of this course, and the stoichiomelric
equation given below:

Cr,07 + 14117 + 65,00 ——
207 4 35,07 + TH,0

DU U CCMFLESYITET

"The molarity of HCI (1) can be
calculaled using the sirength of
HCI{I1) as Tollows:

MErivm e Tt T T TR AR e ST IS T R

Molarity of HCI () = 4 x
Molarily of HCI {II)

0.4 M Na,CO, can be prepared
by dissolving 4.24 gm Na,CO, in
100 cm’ distilled water

€0j™ + 20 —» H,0 + CO,

35
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ATPENDIX - II

Potassium ioldide : (0.2 M) : Prcpared by dissolving 33.2 g of Kl in dlsulled water and
makmg up the volume to 1 dm>. Should be made [resh.

Potasslum peroxydisulphate (0.01 M) : Prepared by dissolving 2.7 g of K,5,04 in
distilled water and making up the volume 10 1dm’>.-

Sodium thiosulphate : (0.002 M) : Prepared by dlssolvmg 0.496 g of Na,5,04.5H,0
in distilled-water and making up the volume to 1 dm?>. This solution need not be
standardised unless we are interested in knowing actual valuc of reaction rate. The
concentration should not be too different from 0.002 M, as it would alter the time of
appearance of the product. The solution should be prepared fresh as it does not have

good bench-life.

Caopper sulphate : (0.0025 M) : Prepared by dissolving 0.625 g of CuSO, SH,Oin
distilled water and making up the volume to 1dm-,

Starch Solution: 1 g ofstarch is dispersed in about 20 cm 3 of distilled water to geta
fine paste. To this, 80 em® of distilled waler.is added and the mixture is boiled with
stirring. Since starch preparations degrade in short time, it is advised to test the
suilability of the indicator prepared. For this, take a small portion of the solution in
a test tube and 10 this, add a little of jodine solution. It should give intense blue
colour.
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UNIT 15 INTEGRATED RATE EQUATION

4
| Fulry’ it vy | % g v 1 18

METHOD

Experiment 17 :  Kinetics of Iodination of Acetone - Titn‘métry

Structure

15.1 Introduction
. Objectives

15.2

15.3

154

15.5

156

15.7
15.8

Principle
Requirements

Procedure for Experiment 17(a) :

Determination of the

Order of Reaction in Iodine

Qbservation for Experiment 17(a)
Caleulation for Experiment 17(a)

Procedure for Experiment 17(b) :

Observation for Experiment 17(b)
Calculation fo Experiment 17(b)

Procedure for Experiment 17(c) :

Observation for Experiment 17(c)
Calculalion fo Experiment 17(c)

Result
Precautions

Experiment 18 :

Principle
Requirements
Procedure
Observation
Calculation
Result
Precautions

Experiment 19 :

Principle
Requirements
Procedure
Observation
Calculation
Resuit

Experiment 20 :

Principle
Requirements
Praocedure
Observation
Calculation
Result
Precaution

Experiment 21 :

Principle
Requirements
Procedure
Observation
Calculation
Result
Precautions
Summary
Appendix

Determination of the
Order of Reaclion in Acetone

Determination of the ..
Order of Reactionin H” ions

The order of lodination of Acetone in Iodine —

Colorimetry

Kinetics of Acid Catalysed Hydrolysis of Ester —

‘Titrimetry

Kinetics of Saponification of Ester —

Titrimetry

Kinetics of Saponification of Ester —

Conduclometry
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15.1 INTRODUCTION

In Unit 14 we determined some simple kinetic parameters like order, rate constant,
etc. of two reactions by the initial rate method. Although the initial rate method is
casy 10 carry out, this method may not reveal the full rate Jaw in a complex reaction.
Somectimes the products themselves may get involved in intermediate steps. For
example, in the synthesis of HBr, the truc rate law involves the concentration of HBr.
But HBr being a product is not present initially. A study of this reaction by Lhe initial
rate method will give the rate only in lerms of amount of hydrogen and bromine, thus
not giving the correct rate equation. To avoid this, the rate law should be fitted 10

the data throughout the course of the reaction. In order to do so, we can use the
integrated raie equations and, try to fit the data collected during the entire reaction
or a good part of the reaction. In this unit, we will study the procedures for the
following five experiments for obtaining the order and/or rate constant of different

" reactions using Lhe integrated rate equation method.

(i) Two experiments on the kinetics of jodination of acetone, one by titrimetry -
" and another by colorimetry
(ii) One experiment on the kinetics of acid catalysed hydrolysis of ester by
titrimetry
(iii) Two experiments on the Kinetics of saponification of ester, one by titrimetry
and another by conductometry.

Finally the preparation of solutions used in Experiments 17-21 is discussed in the
appendix. )

Objectives
Alter performing thc-cxperimcms mentioned in this unit, you should be able to:

.; study experimentally the Kinctics of simple reactions, using titrimetry, colorimetry and
conductomeltry,
explain Oslwald’s isolation melhod,
describe the use of graphical method in determining the order of reaction, and
fi the experiment data into an intepgrated rate equation to abtain the rale constant of a

reaclion,

15.2 EXPERIMENT 17 : KINETICS OF IODINATION OF

| o e " a5 } ey

TS

ISR T

——

-T

ACETONE — TITRIMETRY

15.2.1 Principle
In aqueous solution, acetone and iodine react according o the equation:

‘ CH,COCHa(aq) + h{ag) —> CHyCOCH,l(ag) + H' (ag) + I'(ag) ... (13.1)
Quenching : Quenching is the
process of stapping or slowing down gk acids and bases catalyse this reaction. The iodination of acetone oceurs rapidly

a chemical reaction suddenly by . . A ]
lowering temperature or by ndding a 21 both high pH and low pH but occurs only slowly around pH 7. The kinetics of this

reagent which consumes oncaf the [¢Action in acid solution can be convenicntly studicd by measuring the concentration
E'D“;icr::‘l‘i:n";r";;‘ia‘“‘!fs:- in snt of iodine as a function of time during the reaction. The reaction mixture is preparcd
one, e addil : T . . R . .
MO by adding iodine into a mixture of acetone und hydrochloric acid starting the stop

of reaction mixture te NaHCO, . d A )
solution more or less stops the watch simultaneously. Then samples of the reaction mixiure areé withdrawn at known

reaclion due to consumption of H* times, discharged inlo sodium hydrogen carbonate solution for quenching tic

:;;2;3:";;“: liberation of ecatbon  reaction. The jodine remaining is titrated with sodium thiosulphate solution. From
the titre values, the concentration of iodine remaining is calculaied. Using graphical

method, the order of reaction with respect 1o jiodine, acetone and the mineral acid is

HCO,(ag) + HY
3(49) (@9) - found out. The rate constant is also {inally calculated.
—= H,0(1) + CO.(g) .
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We shall first discuss the calculation of concentration of iodine using the titrimetric -
method,

Calculation of concentration of iodine in the reaction mixture.

The unreacted iodine in the reaction mixture is estimated by titrating it with
standardised sodium thiosulphate solution as per the reaction:
2Na;$,05 + I, ——> NayS,0; + 2Nal ... (52)
To determine the end point in the titration, starch solution .s added, when the
titrated mixture is pale yellow in colour. That is, the starch is added towards the end
point. If starch solulion is added much earlier to the end point, then the-starch gets

coagulated and, the end point cannot be determined accurately. The end point is the
disappearance of violei colour formed by the interaction between starch and iodine.

Let us represent the molarity and volume of sodium thiosulphate by M, and ¥}, and,
those of iodine (in the reaction mixture) by M, and V;, respectively.

Using Eq. 1.13 of Unit 1 of this course, we can write

... (15.3)

MV _2
My, 1

since the sloichiometric coefficients of Na,5,04 and 1, are 2 and 1, respectively as
per Eq. 15.2,

Hence, molarity of iodine in the reaction mixture,

M ¥

Mz '—_-TI;;— -..(]5.4)

Eq. 15.4 is used for calculating the concentration of iodine [I,] in the reaction
mixlure at various time intervals. From [1,] values, those of log [1,] and 1/{1,] can
also be caiculated at various time intervals using logarithmic tables. Next, lei us
discuss the generaliscd form of rale equation for the iodination of acctone.

Rate Equation

The generalised form of rate equation for the iodination of acetone is given below:
—4[L]

1 = KLl [CHyCOCH;f [HT

... (15.5)

where x, y and z are orders of reaction in iodine, acetone and H jons, respectively
and, & is the raie constant of jodination of acetone.

Note that we are measuring the amount of iodine remaining as a function of time;
the rate hence determined s —d[l;]/dr. As we are intercsied in getling the orders x, y
and z individually, we arc going to use the Ostwald’s isolation method.

Ostwald’s isolation method ; This is a convenient method for the determination of
order of reaction when more than vne reaclanl is present. To delermine 1he order of
reaction in onc reactant, all the other reactants arc 1aken in excess and the kinetics is
studied. The experiment is repeaied 1o find the order of reaction with respect to cach
reactant. Il you want 10 know morc aboul isolation method, go through Sec. 18.7 of
Unit 18 of CHE-D4 course.

We will next study the principles behind the determination of order of reaction with
respect o cach species.

Integrated Rate Equation
Method -

Sodium hydrogen carbonate should
be pure and, should not contain
sodium carbonale, since squcous
sodium carbonate solution could
also react with iedine. Instead of
sodium hydrogen carbonale
solution, sodium acetate solutjon
<an aiso be used.

lodine is dissolved in excess of
potassium iodide which yiclds
polassium triiodide.

I+ ]:: I; )
Both 1, and 1, are elfecclive
iodinating agenis for acetone, The
treatment of results is unaffecied
when [, is substituted for |,
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Order of reaction in iodine (x)

In keeping with isolation method, we will take acetone in excess concentration, that
is, choose the condition such that [acetone] > > [I,]. Under these condilions, the
change in the concentration of acctone during the reaction will be negligible; that js,
[acctone] remains almost constant during the course of the reaction. The rate

equation (Eq. 15.5) gets modified to: -
-d[l,] : '
ﬂ =k, [ where &, = k [CHyCOCH,J, (H*]; .+« (15.6)

We have included [H ] along with the onnatanls because H+ being a catalyst remains
unconsimed. Also, [CH;COCH,], and {H*]. stand for the respective concentrations
in E.xpcnmenl 17(a).

We shall perform the kinelic run as per the details given in the procedure under
Experiment 17(a) to determine the order in iodine (x). We shall calculate the
concentration of iodine ({I5],) in the reaction mixture at various lime intervals, . We
shail enter the valucs in the observation table I under Sec. 15.2.4

We shall use graphical method for the determination of order in iodine. In Subsec,
13.3.2 of Unit 13, the graphical method of arriving at the order of reaction has been
discussed. Accordingly, the types of plots expected [or zeroth order, first order and
second order Kinetics with respect to iodine are given below:

Graph (i) :[I,), against ¢ for zeroth order
Graph (i) : log [L], against« for first order
Graph (iii) : 1/[I;], against for sccond order

We have 1o try all these three plots. The order of reaction in iodine corresponds to
that plot which gives a straight linc. Note that all the above plots are made using the
data in observation Table I under Scc. 15.2.4.

You shall see that the zeroth order plot (i.c., [I,], against f plot), gives a straight line.
That is, the reaction is zeroth order in iodine or x = 0. Hence, Eq. 15.6 can be written
as,

=[]
dt

= k, wherck, = k |CH,COCH,}’ [H*[} L (157
since [ly]" = [} = 1

For determining y and z (orders of reaction in acetone and H'), we shall use
modified form of Eq. 15.7. -

Further, we ean dctermine &, from the slope of |1,], againsts plot, (graph (i}), since

- the reaclion is zeroth ‘order wnh respect (o iodine. This can be understood by

comparing the integrated equation for a zerolh order reaction with the cquation for
a straight line. :

Iniegrated equation for )
zeroth order reaction as per Eq. 1570 © L], =L, 4,7 - (15.8)
(and Table 13,1 of Unit 13)

{15]o and [I,], stand for the concentration ol fodine in the reactivn mixture at the
start and, after a time interval, 7.

Equation for a straight linc: (y = ¢ + ) ' - (139

Hence from Eqgs. 15.8 and 15.9,
Slope =m = -k,

or &, = -slope of graph (i) : : .-+ (15.10)

Pk 1t 12 1 = e
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Hence the slope of graph (i) of Experiment 17(a) gives &, as per Eq. 15.10. Hence Integrated Rate Equation

from Experiment 17(a), we shall find

Method

In Table 13.1 of Unit 13 of this

(i) that the order of the reaction in iodine is zero, course, genermlised form of
. integrated rate equation (Eq.
ie. x=0 . , ' ‘ 15.8) is given.

(ii) the value of &, from Eq. 15.10 as, k, = -slope of graph(i). Next let us détermine

For understanding the straiglit

the order of reaction in acelone. . line plots, see Sec, 2.6 of Unit 2

* of this course
Determination of Order of Reaction in Acetone (y)

Experiment 17(b} is performed to determine the order of reaction in acctone. The
concentrations of iodine and H* in Experiment 17(b) are maintained same as in
Experiment 17(a). Bul the concentration of acetone is reduced to half the
concentralion of acelone taken in Experiment 17(a).
-+
[H*], = (H*],
(L2lb = [I2]a ' ... (15.11)

and _[CH; COCHj), = 5 [CHyCOCH|,
Similar to Eq. 15.7, we can write
=d[L,)
dt

= ky where k, = k [CH;COCH,}} [H*f - .. (15.12)

where ky, is the constant to be obtained from Experiment 17(b).

In Experiment 17(b), the concentrations of iodine in the reaction mixture are
determined at various time intervals and the values are entered in obscrvation 1able
II under Sec. 15.2.7. Using (L]t and f values at various time intervals, graph (iv) is
plotted ([1,], against ¢ plot). The slope of graph (iv) gives ki as per Eq. 15.13. -

k|, = ~slope of graph (iv) ... {1513}

From &, and k&, we can obtain y as follows. Using Eq. 15.11 in Eg. 15.12, we can
wrile,
= k (|CH;COCH,],/2)" [H™];
ie. k= (1/2Y k [CH;COCH,}, [H*[
using Eq. 15.7, ky =k, (172Y ... (15.14)

Taking logarithms, log &, = log &, + y log 172

or log ky, ~ log &, = -y (0.3010)
log kp/k, = -0.3010y

] log &\, /k,

e YT T ) 3010

L 1 slope of graph (iv)

¥= 753010 8 Stope of graph (1)

. (15.15)

ky ~slopecofgraph (iv)
[since ?‘j ~slopeof graph () as per Eqs. 15.10 and 15.13]

Hence, the order in acetone (y) can be calculated from the slopes of plots in Graphs
(i) and (iv).
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Chemicnl Kinetics

Order of reaction in HT (z)

To determine the order in H*, Experiment 17(c) is performed. In Experiment 17(c),

[H*] is reduced to half the value in Experiment 17(a). Otherwise, the concentrations
of iodine and acetone in Experiment 17(c) are maintained the same as in Experiment
17(a).

ie, [H*]. =12 [H"],
[IZ)e = [12]a _ oo (15.15)
[CH;COCH;], = [CH3COCH;], -

Similar to Eqg. 15.12, we can write,

~d[I]
dr

=k, where k, = k [CHy COCH3 B, [H']t ... (15.17)

In Experiment 17(c), the concentrations of iodine in the reaction mixture are
determined at various time intervals and the values are entered in.Observation Table

I under Sec, 15.2.10. Then : [I,], against.z plot (Graph (v)) is made. The slope of
Graph (v) gives k_as per Eq. 15.18. '
k. = — slope of graph (V) ... (15.18)
From &, and k, we can obtain z as follows:

" Using Egs. 15.16 and 15.17, we can writc
k. = k[CH,COCH,J; ((H*],/2) ... (15.19)

Using steps similar to those used in obtaining Eq.15.15 {from £q. 15.14, we can
obtain Eq. 15.20 from Eq. 15.19.

—logk sk,
0.3010

1 slope of graph (v} )
- ... (1520
0.3010 ' P Slope of graph (i) (15.20)

e, z=

Thus we could find outx, y and z Finally we shall calculate the rale constant k for
the iodination of acetone asing Eg. 15.6 and the data under Experiment 17(a).

k = k,/[CH3COCH,f, [H']] ... (15:21)

Hence by$ubstituting for k_ and initial concentrations of acetone and H* from
Experiment 17(a), we can calculate k.

15.2.2 Requirements

Apparatus ' Chemicals
Burettes (30 cm3) -3 Acelone
Pipettes graduated (20 cm3) -3 Iodine
Conical flasks (250 cn13) -2 Pouassium iodide
Conica! flasks (100 em?) - 7 Hydrochloric acid
Boiling tube — 1 Sodium hydrogen carbonale
Test tube - 1 Sodium thiosulphate
Beaker (250 cm3) -1 Starch
Beaker (400 cm’) — 1 * Deionised water
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A

Wash bottle (with deionised waler) —1
Buretie stands (with clamps) -~ 3
Thermometer - |

Stopwatch - 1

Water trough/Thermostat — |
Solutions thal are provided for ail the three experiments, (17(a), 17(b) and 17(c):

. 005M1,in 04 MKI
2. LOMHC

3. 0.10 M NaHCO,

4 0.01 M Na,5,0,

5

Starch solution 1%
15.2.3 Procedure for Experiment 17(a)

Determination of the Order of Reaction in Iodine

i.  Bring to your work — 1able all the required apparatus and solutions as given
under 15.2.2.

2. Rinse and fill burette 1 with sodium thiosulphate solution.
3. Rinse and [ill burette 2 with 1 M HC),
4. Rinse and fill burctte 3 with deioniscd water.-

5. Pipettc out 10 em® of 0.1 M NaHCO, solution into each of five 100.cm™
conical flasks.

6. Withdraw into a 250 cm” conical flask from the burettes 10 cm® of | M HCI
and 70 cm® of dejoniscd water. Pipettc into this, 10 em™ of acetone and
stopper the flask.

7. Pipetic 1D cm? of iodine solution into a boiling tube and stopper i Keep
both the 250 cm® conical flask and the boiling tube in a waler trough (or
thermostat). Note the temperature.

X Pour the indine solution into the flask containing acctone, HCI and water,
stanting the stop watch at the same time. Mix well by pouring from oac into
the oiher. .

. Withdraw 10 em> of the reaction mixture and run this sample into the Mask
containing 10 em® of NaHCO, solution, noting the time when the pipette is
hall cmpty. Mix well by shaking and then titrate the residual iodine with

Nu,5,0;, solution till the solution becomes palc yellow in colour. Add 2 em?
of starch solution. Continue titrating this blue solution with Ni,S5,04 till the

solwtion tarns colourless (end point). Note the bureite reading,

[0, Repeat the titration of 11 cm® samples of the reaction mixture giving an
interval of about 2 minutes hetween sampling.

11 Alter the titration is over, wash the flasks with large quantitics of waler
hecause the reaction mixture contains iodoacetonc, a powerlul lachrymaror.

12, Caleulate [15],. kogl1,), and /115, and enter these in Observation Table 1.

13. Plot[I;), vs ¢, log[I,], vs t and I/[15], vs t as Graphs (1), (ii) and {iii),
respectively.

Integrated Rate Eguation
: Method °

Details for the preparation of the
solution are given in Appendix,

100 em? reaction mixture is made from

A 10cem* of 1M HCI in 250 ml
(in70 em? obwater (deionised)l, conical
(iiiy 10 em’ of acetone Mask

and
(iv) 10 em” of the solution -
in a boiling wbe.

Il 1he reaclion mixlure is al 35°C, 1hen
2-3 minute intervals are suitable, I Lie
sttdents work in pairs, 1hey will be able
to manage doing titralions at 2 minutes
inlerval, For performing Litrations at
5-7 minutes interval a1 35°C, the
concentrations of HCland (nr) of
acetone may b decreased. This
instruclion holds good for Experiments
17(a), (b) and (). On the other hand if
the lemperalure is 25°C, 5-7 minute
inlervals could be given.

. )
Even wilh two 100 cm™ [lasks. the
experiment can be performed.

Lachrymator is a subslance that

stimulales formation af tesirs.
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Chemicol Kinetics 15.2.4 Observation for Experiment 17(a)

Molarity of thio (M,) = M

Volume of the reaction mixture withdrawn at cach lime 1(Vy) = 10 cm®
As per Eq. 154, [I,] in the reaction mixture ) .= |}
' MV, MV
= MZ = —-l—l- = il
2V, 20
: -~
(since ¥y = 10.cm’)
Volume of NaHCO; solution taken for quenching the reaction = 10 cm®
Solution taken in the burette =0.01 M Nay5,0,
Volume of starch solution added just before ttic end point =2cm?
Temperature of the reaction mixture L ®
Observation Table — I
{fs Burette reading (Yolume of 1L1M log|1,1,/M %
2r .
E—— MV
Initial  Final thio (/))fem® = —2‘6-'

15.2.5 Calculations for Experiment 17(a)

Draw inference from the graphs (i), (i) and (iii) about the order of Lthe reaclion in
iodine. Also abtain the slope of Graph (i).

The order of the reaction in ioding is ...

—slope of_graph (i)

-
Using Eq. 15.10, &,
e MY

15.2.6 Procedure for Experiment 17(b)
Determination of the Order of Reaction in Acetone -

Repeat insiructions 1 to 5and 7 to 11 as in Experiment 17(a) under Scc. 15.2.3.1n
the place of instruction (;5), do the following: Withdraw into a 250 cm?® conical flask
from the bureties, 10 cm® of 1 M HCl and 75 cm® of deionised water. Pipctte into

100 cm’® reaction mixlure contains . Y N . .
this, 5 cm> of acetone and stopper the flask. That is, we (ake in this experiment hall

in 250 i 1€ concentration of acctone taken in Experiment 17(a). You can withdraw reaction

onica muixture at 7-10 minutes interval and do the titration against standardised thio.

(i) 10 cm® of 1 M HCI
(i) 70 em’ of water (dcioniscd)}

(iii) 5 cm® of acetone Mask
and : ' .
(iv) 10 em® of iodine solution — Calculate [1,], at various intervals and enter the dala in obscrvation table I1. Also
ina boiling lbe. plot [1,], against z (Graph iv}. : .
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_15.2.7 Observation for Experiment 17(b) ~ Integrated Rate E:;’:t‘l:::

Observation Table — 11

' ing : TR
Durette rendin (Volume of . MY f
/s Initial Final thio {V,))/cm’ (LM 30 . ]

"Use M, value from Experiment 17(a). f
15.2.8 Calculation for Experiment 17(b) ]
b
From Graph.(iv), find out the slope of the line. 100 em? reaction midure contains f
From Eqg. 15.13, &, = - slope of Graph (iv ' i
q b P 0 ph (V) () 5em’ of t MHCI in.250 ml 3
=.Ms , - (i) 75 em’ orwmcr(dcionisau)} onical
. T r‘ - .
Order of the reaction in acctone =y (i) 10 ¢m on::flo"e flask
. i 3 of iodine solution —
(using Eq. 15.15) _ __ 1 slope of graph (iv) ) li.:.camb:iﬁi;:dll:::o wen
=~ 03010 B slope of graph (i)
15.2.9 Procedure for Experiment 17(c)
Determination of the Order of Reaction in H* ions
Repeat instructions 1 to 5and 7 10 11 as in Sec. 15.2.3 under Experiment 17(a). In g
place of instruction 6 do as follows: _ :

Withdraw into a 250 cm? conical ask from the burettes, § emof 1 M HCland 75
em® of deionised water. Pipetic into this, 10 cm® of acclone and stopper the flask. . :_
That is, we take hall the concentration of hydrochloric acid taken in Experiment ¢
17(a). You can withdraw reaction mixiure at 7-10 minuies interval and do titration i
apainst standardised thiosulphate solution. ,

Calculate [1,), at various intervals and enter the data in observation Table []l. Also
plot {1;], against t (graph v).

15.2.10 Observation for Experiment 17(c)

Observation Table - HI i

Burette reading (Volume of . K L

iis Tnitial Final' | thio (l’lJ)/cm‘l (L1/M° = In :
L

* Usc M, value [rom Experiment 17(a ).
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Chemical Kinetics 15.2.11 Caleulation for Experiment 17(c)

[H*]is 0.1 M since in Expcrlmr.-nl

17(a), 10 ¢cm® af 1 M HICl is made up  From graph (v}, find out the stope of the line.

to 100 cm® (s reaction mixture)
From Eq. 15.18, &_ = — slope of graph (v) = ... M 57!

[CH,COCIL, ], is equal 10 1.36 M as 9 _ € peof graph (v) :

perthe catelion indiested befon From Eq. 15.20, the order of the reaction in H

The reaction mixture conlains 10 em”

of ncctone in 2 total volume of 100 . L 1 log slope of graph (v)
em”in Experiment 17(z). : T 7703010 T°° slope of graph (i)
[CH,COCH,, We can zlso calculate the rate constant of iodination of acetoae, k.
Molarity of ’ ]
= acclone in E Eq. 1521 L vk,
Experiment17(a) rom bBq. 15.21, = -
Mass of acetone ICH3COCH3];| [H ]a

"~ (molar mass x (volumc ol solution

ofacctone)  indm’) 1622 But &, = - slope of graph (i) (using Eq. 15.10)
"7 Also, [CHyCOCH;], = 1.36 M and H*,=01M

Mass ol acelone = (Volume of acetone

X density of acctone) chcc r= K
= l_;};ml *x079gem™ (1.36)"’ (0. l)z
=47g ) M] -{p+2z)

Volume of solution = 100 an® = 0.1 dam’

(reaction mixture) [M slands for lTI.OIaI'f'l:y unit}.

Molar mass of acetone = 5808 gmor! 15.2,12 Result

Substitwing these in Eq. 15.22, Order of the reaclion in iodine =X =
0 L i i =y =
[CH,COCH,] rder of the reaction in ic?tone )y
a rder of the reaction in H” ions =z =
7. 9g s s .
- = Rate constant for the jodinationof =k =
58 08g mol”! x 0.1dm
= 1.36 mol cm™ acetonc
=136 M

15.2.-13 Precautions

1. Laboralory samples of acetone often contain peroxides which liberate
todine from acidified KI. This produces a small amount of ioding in the
reaction mixture. But the liberated iodine is getting used up in the main
rcaction. The peroxides thus get desiroyed and the data obtained after the
first 1-2 minutes give a lincar graph (Inclusion of data obtained in the
first 1-2 minutes gives a curvature to the line).

2. lodoacetone, a product of the reaction is a very powerful lachrymator, Alt
solutigns conlzining this should be disposed of immediately after the
cxperiment, and the apparatus washed with plenty ol water,

3 lodine solution and acelone should be kept in well stoppered bottles.

4. Sodium thiosuiphate solution and starch solution should be prepared on the
same day 1he experiment is (o be done.

15.3 EXPERIMENT 18 : THE ORDER OF 10DINATION OF

ACETONE IN IODINE — COLORIMETRY

15.3.1 Principle

The Kinctics of acid catalysed iodination of acetone (Eq. 15.1) is (o be followed
-colorimetrically in this experiment. We shall confine oursclves to the determination
of order of reaction in iodine only. It is our aim to familiarise you with the
colorimetric method of following the kinetics of jodination reaction.
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You will be using low—cost colorimeter for performing the experimenlt. Although, Inteprated Rate Equation
iodine forms triiodide ion (I3) in prescnce of iodide, both I, and I3 have same Method
absorption pattern. Both of them iodinate acetone. Hence what we are going to
measure is Lhe total concentration of I, and I3 Again, the total concentration of I,
and I3 is proporlional to absorbance as per Becr-Lambert law. When you use a
low-cost colorimeter, you measure meter reading (R) values wh:ch are proportional
tn absorbance as well as to concentration of iodine.
Since we are interested in Iind.r-b anly the order of the reaction in iodine but not the
aclual rale constant, it is not necessary 1o crsntine the reaction in terms of (L] Iuis -
cnough 10 study the reaction in terms of meter reading v.aiues, Hence, insiead of
using [12],. log [1,], and 1/[L;}), , we will be usiny the corresponding myier reading
values, viz., R, logR, and 1/R,
Tu find the order of the reaction in iodine, we will try zerolh order, lirst order and
second order plots as shown below:
R, againsi ¢ plot : for zeroth order reaction
log R, against 7 plot : for first order reaction
1/R, aguinst ¢ plot : for second order reaction.
You will see that R, against ¢ plot givcs-a much better straight line, which brings out
the zero order dependence in I, concentration.
15.3.2 Requirements
Apparatus. Chemicals
Burettes (50 cm“) -4 . Acclanc
Beakers (250 ::m3) -1 . Indine
Test tubes (20 em?) - 10 Polassium iodide
Colorimeter -1 . Hydrochloric acid
*Stopwaich - | i Deionised water
Thermomerer - 1
Wash bottle (with deionised water) — 1
Burette stands with clamps — 4
Waler trough/Thermostat — |
Solutions that are needed for this experiment:
1. 0.05 M I, in 0.4 M KI Detils for the preparation af the
1.UAf HC) solulinon ace given in Appendix.

A 4 M Acelone

153.3 Procedure

- 1. Plug the colorimeler into the mains and swilch it on.

2. Keep the colour selector knob at green. (if it is 1 commercial eolorimeter, use
the green lilier. 100 is a spectrophotometer, adjust the wavelengih knob ©
read 565 nm.)

3 Take a clean cuvelie, make a mark at the lop on ane plain side. if it is already
not marked. Rinsc and [ill it with deionised water. Wipe the outside dry with
lissue paper.

4, Ir:sert the cuvette into the cuvette holder with the marked side fucing the
LEDs. (In 2 commercial instrument, the mark on the cuvette should be made
to coincide with the mark outside on the holder): Everytime vou insert the
cuvelle into the holder, maintain this position.

Adjusl the set zero knob till the meter reads zero.

6. Then mix 3 cm” of jodine solution and 7 cm® of deionised water in a boiling
tube. After mixing the solution thoroughly, rinse and fill the same cuvette 47
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Clhientlenl Knethes

b . . .
10 emr™ reaclion misture is made ns

follows:

i) 2cm’of | M IICI

(i) 4 cov’ of dejoriised wmm}

(i) 2 cm: of 4 M neelone
(iv) 2 cm” of 0.05 M iodine —ina
lest tube solutjian
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goﬂma passes by marked divisions on the meter-scale. (Avoid laking reading when
beaker the needle is in beiween divisions). Notc 8- 10 such meter readings and the

with this indine solution. Wipe the nutside dry with tissue paper. Insert into

the holder,

7. Adjusi lhe sensitivity knob till the meter reads somewhere near the end of the
scale, say & After this adjustment, do not disturh the sensitivity knob for the
rest of the entire experiment. You do steps 8 and 9 only il you are working |

with a low cost colorimeler.

=

knob (or the rest of the entire experiment.

9. Withdraw from the burettcs, 4 cm™ deionised waler, 2.cm” of hydrochloric

acid snd 2 cm® of acetone solution into a 250 em® beaker.

10.  Withdraw 2 em® of iodine solution from the burette into a tesl tube. Keep the
beaker and the (est tube in a water trough (or a thermostat) and note the

temperature.

_11. Pour the iodine solution into the solution in the beaker, starling the
stop-watch at the same time. Mix well by pouring onc¢ Lo the other.

12. Rinse the cuvetie wilh the reaction mixture, fill with the same, wipc (he
outside, insert into the holder noling the mark on the cuvelte.

13.  Hold the stopwalch close 1o the meler and read the stop-watch as the needle

corresponding time readings. Enter thesc in the observation Table I'V.

14. Remcmber that iadoacctone is a powerful lachrymator. Hence discard all

solutions containing this and, wash your plass apparatus with plenty of water. -

15.  Calculate log R, and 1/R, and eniér these in the game Table.

15.3.4 Observation

Temperalure of the reaction mixture =..... °C

Obhservation Talle — 1V

Rinse and fill the same cuvctie with deioniscd water. Wipe the outside dry
and insert into the holder. 17 the meter docs not read zero, then adjust the sel
zero knob 1ill it reads zero. After this adjustment, do not disturb the set zero

tfs R lopgR, IR,

L}

15.3.5 Calculation

Plothree graphs: 1) graph (vi): R, vs 1 2) praph (vii): log R, vs #; and 3) graph
(vili):1/R, vs't. Infer the order of the reaction in [, from the graphs.

The order ol the reaction in iodine =

15.3.6 Result

The order of the reaction in indine =
15.3.7 Precautions

The first three precautions given in the previous experiment also apply here.

" Further, the adjusted knobs should not be disturbed during the experiment. -
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154 EXPERIMENT 19 : KINETICS OF ACID CATALYSED '"irted Rate Eauatios
HYDROLYSIS OF ESTER - TITRIMETRY

15.4.1 Principle

The hydi‘olysis ol an ester is quite slow and reversible. But this reaclion is catalysed
by acids and alkalics. In this experiment, we shall study the hydrolysis of methyl
acelale in presence of hydrochloric acid. - .

. iy
CH;COOCH,(aq) + HZO({)—E—:- CH3COOH(ag) + CH4OH(aq)
This reaction is an example of pseudo [irst order reaction. The concentration of
water is high and, it almost remains constant-throughout the reaction. The

concentration of mineral acid which catalyses the reaction also remains constant,
Thus the reaction rate depends only on the concentration of ‘ester.

ie. . .Rate =k [CH,COOCH, - (15.23)

Using the integrated rate cquation for a first vrder reaction as given in Table 4.1 of
Unit 14, we can write, ) .

2303 <
r o

k= . (15.24)

where ¢g is the inilial concentration of the esier and (cp—¢) is the concentration of the
ester ata time, £. Let us nexi discuss the outline of this experiment.

We mix known amounts of the ester and the mineral acid and withdraw equal
volumes of the reaction mixture at definite intervals into vessels containing ice-cold
water. The ice-cold waicr is added to decrease the rate of the reaction. The reaction
mixture so withdrawn is titrated against standardised alkali using phenolphihalein as
the indicator. The ¢nd point is the appearance of pink colour which does nor
disappear within 1en scconds. From the titre values al various time intervals, the rate
constanl is calculated using the procedure indicated below:

The reaction mixture withdrawn cach time contains a definite amount of -
hydrochloric acid and also acetic acid formed due 1o hydrolysis, Each titre value
represents by the volume of sodium hydroxide solution required 1o ncutralise both
these acids.

Suppose that V. V, and ¥, arc the titre values initially, at a time ¢ and at the end-of
the reaction (infinite reading). 1, is proportional to the amount of hydrochloric acid
present in a definite volume of reaction mixture, when no acetic acid is formed.

Fa is proportional w the amount of hydrochloric acid, and acetic acid present im a
definite volume of reaclion mixtue afler the completion of the reaction.

Vi is proportional 10 the amount of hydrochioric acid and acetic acid presentin a
detinite volume of reaction mixiure alter a ime, 1.

(V<-¥,) is proportional to the amount of acetic acid formed when hydrolysis is
complete or itis proportional to the initial concentration of ester (cq)

i, (V-¥,) Is proportional lo ¢, .. (15.25)
Similarly, (V~V,) is proponiional Lo the acetic acid formed at a time 1 or is
proportionai o the concentration of éster hydrolysed (t).ata lime, 4,

Hence the concentration of ¢ster remaining unhydrolysed at a time 1 (i.c., (cg—=x)) is
proportional to

[(M==Va) = (V- V. 49
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Chemical Kinetics

Detzils for the preparation of the
solution are given in Appendix

55 em® of the reaction mixture is
prepared (rom

(i) 50 em” of 0.5 M hydrochlogic
acid - taken ina 250 cm” conical
falkk

" A
(ii) 5 cm™ af metlnv] acelate - taken
inatest tate

50

i.e.; (c,—x) is proportional to (V-V} - ... (15.26)

Using Egs. 15.24 to 15.26,

_ 2303 Ve = Vo)

k logyg ———2
BTy T, . ... (15.27)

k,
or  logo (V=¥ =log (Ve Vo)~ 3353 ‘ ... (15.28)

k can be calculated either by subsiituting V,, ¥, and V. inlo Eq. 15.27 or by
graphical method. For calculation by graphical method, log,g (V.. — ¥;} is plotted

apainsi ¢. As per Eq. 15.28, this should give a straight line plot, the siope being equal
to ~ £/2.303. '

In other words, k = — 2.303 X slope ‘ v 1529y

15.4.2 Requirements

Apparatus Chemiculs
50 cm’ Burettes -2 Methyl acetale
100 cm” conical flasks -4 Hydrochloric acid
250 cm® conical Nask -1 Phenolphthalein
~ 5 cm? pipettes -2 " Sodium hydroxide
Stopwalch -1 " ice water (preparcd from carbon
dioxide [ree waler)
Copper water bath -1
Thermometer =1

Water trough/Thermostat — 1

Solutions Lhat are needed for this experiment:
0.5 M hydrochloric acid

0.125 M sodium hydroxide

Phenolphthalein indicator solution

15.4.3 Procedure

I} Usinga 50 em? burette, 1ake 50 em® of 0.5 M hydrochloric acid in a 250 m]
conical {lask.

2}y Pipctcout 5 cm® of methyl acclale in a 1est tube and keep.both the conical flask
and the 1est tube in a water trough (or a thermostat) for about five minutes.

3)  Trafsfer the ester 10 the conical flask containing hydrochloric acid. Start the
stop-walch when nearly hall the volume of ester has been added.

4)  After complete transfer, shake the mixture in the conical flask.

Immediately pipelte out 5 em? of the mixture info a 100 ¢m® conical flask
containing 25 em® of ice-cold water. Add a drop of phenolphthalein and
titrate the resultant solution against 0.125 M sodium hydroxide solution. The
¢nd point is the appearance of light pink colour.

i
—

6)  The first titre value represents ¥, and enter this in observation Table v, 1‘Al _
intervals of 10 minutes uplo | hour, repeat the process of pipeuting 5 ¢m™ of
reaction mixture into a conical fask containing 1 drop of phenolphihalein
and 25 cm? of ice-cold water and, titraling against .125 M sodium hydroxide
solution. Enter the titre values in observalion table V. Each of the titre
values from second onwards eonstitute V.

- —
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) ' After taking six readings, pipette out 10 em® of a mixture into a 100 em®
" conical flask and close il with a loose cork. Heat the conical flask on a copper
water bath at 50°C for about 30 minutes. Then cool the conical flask to rocm
temperature and titrate 5 cm® of this mixture against 0.125 M sodium
hydroxide solution using phenolphthalein as indicator. The Iast titre value
represents the infinite reading (V). :

5.4.4 Observation

\oom temperature = ........ °C
Observation Table - IV

d
s % Titre value . log (V. ~ V‘)/cm".
5.4.5 Calculation
' V, -V,
sing Eg. 1527, k= 2'?;03 Iog { — "))
we values of k are calculated and entcred below:
) S Y
i) = v S
ii) k= v §7
%) D k= s
) . k= s 57!
Average k= st

is calculated from Iog (V V) agamsl t plot (Graph IX) Using Eq. 15.29,
= -2.303 x slope -

S

1.4.6 Result

k (by calculation) = ... §

k (by graphical method) = ........... 5

5.5 EXPERIMENT 20.: KINETICS OF SAPONIFICATION
OF ESTER - TITRIMETRY

.5.1 Principle

mentioned earlier, the hydrolysis of ester is catalysed by acids and alkalies. The
:aline hydrolysis of ester is known as saponification. The equation for the
ronification of ethyl acetate is given below:

1,C00C;Hy(aq) + OH (aq)——> CH,COO0(ag) + C;H;OH(ag) ..(15.30)

. Integrated Rate Equniion

Method

51
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Chemical Kinetics

Soaps are prepared by the alkaline
hydrolysis of oils (Which are esters
of falty acids of higher mn!zcular
weight). Hence alkaline hydrolysis
ol esters came to be known as
saponilication.

This reaction is irreversible, whereas the acid catalysed reaction is reversible. This
reaction can be followed volumetrically by estimating the concentration of OH™ in
the reaction mixture at different £ values, The reaction mixture is prepared by mixing
cqual volumes of a solution of sadium hydroxide (M/40) and a solution of ethy]
acetate (M/40) noting the time simultaneously. Then equal volumes of the reaction
mixture are pipetted out at definite intervals into a known excess of cold
standardised hydrochloric acid (M/40) and the left over acid back titrated with a
standardised solution of sodium hydroxide (M/40). Pouring into excess hydrochloric
acid solution neutralises the OH™ in the reaclion mixture, thus quenching the
reaction. As the reaction progresscs, the concentration of OH™ in the reaction
mixture decreases and the concentration of the unreacted hydroghloric acid in the
quenched reaction mixture increases. The dala that we collect is the volume of
NaOH, ¥}, required to react with the left over hydrochloric acid in the quenched
reaction mixture al time r. Let us next see how we calculate & value from such a set of
data.

The rate cquation for the reaction can be written as:
i@ﬂ = k [CH3COOC,H;][OH] : .. (15.31)

The reaction is first order each in ethyl acetate and hydroxide ions. Assuming this, we
are going to find the second order rate constant, &. Further, we lake the ester and .

~.alkali of the same concentratién initially (c o) and assume that the concentration of

cach becomes (¢ _-x) after a time £,

" Then Eq. 15.31 can be writlen as,

The generalised form of Eq.
15.33 is given in Table 13,1 of
Unit 13 of this caurse.

52

B s, S ,
_Jd!Lrl = (cq-1)? ... (1532)
On integration Eq. 15.31 becomes,
L 1w ... (15.33)
Co ~-X [ .

L]
Next let us see how (o relate the titre value V, of NaOH solution to (c - 1).

Let us assume that 10 cm? of the reaction mixture is added to 25 cm™ of M40 HCl for
quenching.

Volume of reaction mixture =10 LITI
Volume of M/40 HCi added to it = 25 crn
25 cm® of M740 HCI = 25 cm" of M/40 NaOH

Volume 0[:’@"40 NaOH required for neutratisation of the excess hydrochloric acid

=V, (say)

Acid used for the nculrallsallon of 3 .

unreacted NaOH in 10 cm? of = (25 -V} cm” of M/40 NaOH

the reacuon mixture J
Concentration of unreacted NaOH in the reaclion mixture _

@5-V) M (35-¥) i
(CD--X) = T - m = 400 M v (15.34) -
Since equal volumes of MM0 ester and M/40 alkali are mixed, initial concentration
Of NaOH = ¢, = M/80 .- (15.35)
Using Eqgs. 15.33 10 15,33,
400 . . L . 15.36
{.,\ l"} =380 +A&r (witheut mentioning uniis) _ .- (12.36)
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or

1, 400
k=1 ((ZS—Vt)

Hence by subsmuung V, at different time intervals, k can be calculated (usmg Eq
15.37). Also by plotting (400,-‘(25- )) againsts, a slralghl line will be obtained, the
slope bemg equal lok

Slope = k ' ... (15.38)

15.5.2 . Requirements

Apparatus Chemicals
Burette (50 cm3) -1 Ethyl acetate
Pipettes (10 cm®) -2 Sodium hydroxide
Beaker (250 cm:") -1 Hydrechloric acid

Conical flask (250 cm3) -1 Phenolphthalein

Conical flasks (100 cm3) -2 Ice (Irom deionized water)
"Water trough/Thermostat — 1

Thermometer -1

Stopwaltch . -1

Solutions that are provided:

1. M/40 ethyl acetate

2. M/40 NaOH

3. M0 HCI

6. Phenolphthalein solution (for use as indicator)

15.5.3 Procedure

Bt

10,

11.

Bring to your work table all the required apparatus and solutions as given
under Sec. 15.5.2.

Keep approximalely 250 cm> of M/40 HCl in ice for cooling.

Withdraw 50 cm” of M/40 cslcr‘(frorn the bureile kept commonly for the
class) into a 250 cm? conical flask.

Rinse and fiil yout burelle with M/40 NaOH.

Withdraw from the burette 50 cm® of M{40 NaOH into a 250 cm” beaker and
fill the burette again.

Keep the conical flask containing the ester solution and the beuker
containing NaOH in a water trough (or thermostat) and note the
temperature.

Starl the reaction only after HCi (that has been kept for cooling) has reached
a temperature near 3° C.

Start the reaction by pouring NaOH (fn' the beaker) inlo Lhe ester soiution
(in the flask} and note the time simultaneously. Mix well by pouring [rom one
into the other.

Pipette 25 cm? of ice cold HCI into a 100 cm® conical flask. Pipeite 10 em® of
the reaction mixture into this HCI, noting the time when the pipette is half
emply. Add a drop of phenolphthalein and titrate with M/40 NaOH.

Rcpeat the sampling and titralion at 5 minules inicrvals initially and increase
the intervals gradually 10 20 minutes. Take in all 8 - 9 readings.

Enter 1he burette readings and time in Obscrvation table VI.

=80) _ STl L. (153)

Details for the preparation of the
solution are given in Appendix.

100 cm” of the reaction mixturc

conlains

() S0cm ol'MMO NaOH solution
(in 250 cm® beaker) and !

(iiy s0 cm® ol AF/4D ester
{in 250 cm” conical (lask) z

Inteprated -Rate Equation
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ChemicalKineties . 1554  Observation
Temperature of the reaction mixture="C

V,in Observation Table VI refers to the volume of M/40 NaOH required for
neutralisation of excess acid.

db&em(lon Table VI
Burette readlag . _i
Us Tnftial Final -
15.5.5 Calculation .
Five valucs of rate constants are calculated using Eq. 15.37 and their average is found
out: '
') S Ml
(ii) p— Mgt
(iii) k= MST
(iv) S Ml
Q) P M1s?t
Average k= s Ms?
A Iotofﬂ inst ¢ h X} is made
|:3 a5V agains! 7 (graph X}

As per Eq. 1538,k = slope
= e M7

15.5.6 Result

The rate constant for the saponification of ester (by titrimetry)

(i) by calculation = ...veemmes s e Mgt
(i) Dy ErapRICAT MEIROG =ueevcercesrrsesmssessssssnresssssesesssssssse M s

15.5.7 Precaution

Ethyl acetate solution should be prepared the day it is 10 be used because slow
hydrolysis reaction occurs even in the absence of OH™ ions.

15.6 EXPERIMENT 21 : KINETICS OF SAPONIFICATION
OF ESTER - CONDUCTOMETRY

15.6.1 Principle

In the previous cxperiment, we [ollowed the saponification of cster volumetrically by
- titrating the alkali remaining unreacted in (he reaction mixture, as the reaction
progresses. In this experiment, we will be following the same reaction by measuring

s4 the conductance of the reaction mixture. As the reaclion progresses, OH™ ions are

L= ) i ey
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replaced by acetate ions which have a much lower conductance (i.e.) ( } th that of

OH™). Consequently the conductance of the reaction mixture falls. The change in the
conductance is approximately proportional to the amount of reaction that has taken
place. '

In this experiment, equal concentrations of the ester and alkali will be taken justas -
in the case of last experiment. We shall assume that the reaction is first order in each
reactant and find out the second order rate constant. Thus Eqs. 15.30 to 15.33 hold
good for this experiment also. We shall rewrite Eq. 15.33 for use in this experiment.

i1, '
s = co+kr _ _ ...(1533)

Once we relate the conductance values to (c-x) and ¢, we can calculate k. Let us -

first see Lthe outline of the experiment. - .

The reaction mixture is prepared by mixIng M/40 solution of ethyl acetate and M/40
solution of sodium hydroxide, noting the time simultaneously. Then the conductance
values, G,, of the reaction mixture are measured at definite time (z) inlervals. I

G, and G, are the conductances of the reaction mixture at /=0 and at £ = « (end of

the reaction) respectively, then

€q—X is proportional 10 (G, - G,,) ... (15.39)
and ¢, is proportional to (G, - G}

Introducing Q as the constant of proportionality, we write,
(cX) = 0 (G, ~ Gw) ' ... (15.40)
and c, =Q(G,-G,)

The value of () can be obtained from Eq. 15.40 since ¢, and (c,~x) (i.e., the
concentration OH™ at the start of the reaction and after a time, f) as also G, ,G,, and
G, are known. '

Substituting for [OH"] in terms of conductance values from Eq.15.40 into Eq.15.33,
we get, ' i

11
(Gl - Gw) B (Go - Gw)

+ Okt ... (15.41)

It Is possible to calculate £ using Eq. 15.41. In order 10 obtain & by graphical
methed, 1/{(G, - G,,) values are plotted against «. The rale constanl, k, is obtained

from the straight line plot.
Slope = Qk & = Slope/Q ... (15.42)

15.6.2 Requirements

Apparatus ) Chemicals
Conductomeler -1 Eihyl acelale
Conductivity cell -1 Sodium hydroxidc
Stopwatch -1 Acclic acid
Thermometer -1 Phenolphthalein
Pipette (50 cm3) -1 Deionized waler
Pipette (25 cm®) -

Volumetric flasks (100 cm3) -2

Beakers (250 cm’) -2

waler trough/Thermostat -1

Wash botrle

Integrated Rate Equation
Method
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Chemicnl Kinelics

Details for the prepiaration of the
solution arc given in Appendix.

50 cm” of the reaction muclure
contains

(i} 25 em® of M40 ester {in a 250
cm bcakcr) and

(i) 25 cm® of M/40 NaOH (in
another beaker)

Solutions that are provided for the experimenis(a) and (b):

1.  M/40 ester solution

2. M40 NaOH

3. 0.1 M acetic acid

4. Phenoclphthalein indicator solution

15.6.3 Procedure

1.

5.

Bnng to your work - table all the required apparatus and solutions as given
under 15.6.2.

Prepare M/80 NaOH by pipeiting 50 cm? of M/40 NaOH into 2 100 em®
volumetric flask and making upto the mark with defonised waier. Leave this
flask in a water trough (or a thermaostat). :

Prepare M/80 sodium acetate by pipetling 50 cm? of M40 NaOH into a 100 em®
volumetric fTask. Add 2 drop of phenolphthalein and titrate this with 0.1 M
acetic acid till the solution turns colour less. Then make up this solution to
the mark with deionised walter. Leave this flask loo in the water Lrough (or
thermostat).

During the time taken by the sofutions of sodium hydroxide and sodium
acglale 10 come to the temperature of the bath, get the solullons of ester and
NaOH rcqulrcd for the kinetic run’ rcady Plpcllc 25 cm of M/40 ester into a
250 cm® beaker. Then pipette 23 cm® of M40 NaOH inlo another 250 cm®
beaker. Allow Lhese beakers Lo stand int a water trough (or a thermosiat).

Connect the conductometer to the mains and 1o the conductivity cell. Switch
on the conduclometer keeping the mode sclector at CAL. Sci the range
sclector at 20. Adjust the sensitivity control to set the meler reading Lo mid
scale. After this adjustment, do not disturb the sensitivily control.

Rinse and [ill the conductivity cell with A//80 NaOH. Shift the mode selector
lo READ, nole the conductance of the solution (G,) and enter under
observations.

Shift the mode selector to CAL. Rinse and fill the conductivity cell with M/80
sodium acetate, Shift the selecior to0 READ, note the conductance (G ) and

enler under observations. Shiflt (o CAL-

Pour 25 cm® of M/40 NaOH in the beaker into the other beaker containing 25
cm® of M/40 ester solution, noting the time simulancously. Mix the sofutions
well by pouring (rom one beaker 10 the other. Rinse and [ill the conductivity
cell with this rcaction mixture.

Shilt thc knob to READ. Note the conductance of the reaction mixture at
frcqucnl time intervals. Take 12-15 read:ngs of conductance {G,) and time (1)
and enler these in Table VIIL

Note :

10.

It is more convenient and accurate 10 read Lthe time for certain conductance
values than to read the conductance [or certain time values. By this we can
avoid making approximate estimates of conductance when the meter needle is
in between two divisions. Read the time when the meter needle is against a
division.

Note the temperature of the thermostal and enter under observaiions.

. 15.6.4 Observation

Temperature of the reaction mixture - = °C
Conduciance of M/80 sodium hydroxide solution (G,) = mS

Conductance of M/80 sodium acetate solution (G,,) -~ =mS
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Observatlon Table VII
G /mS i/s (G,- G )ymS (G,—G_)/mS
15.6.5 . Calculation
. . (co _x)
Using Eq. 15.40, (1)_Q = E—G_m)
=M mS™!

He=rw, iOG.,.,)

Average value of Q = M mS™

Using Eq. 15.41, five k values are calculated.

(i) K= i M 57!
(i) k= Mg
(i) k= M5
(iv) k= M 571
™) k= M 7!

Average k = e M1 57!

I(G~G_) is ploued against ¢ (Graph xi). The slope of the straight line is calculated.
Using Eq. 15.42, & = Slope/Q
= v MV 57!

15.6.6 Result

The rate constant for the saponification of esicr (by conductomertry);

(i) by calculation = ..o, M) 57T

(if) by graphical method = ............ooueeneeceeeereoeeer o M) 57

15.6.7 Precaution

Ethyl acetale sofution should be prepared the day i1 s to be used becausce a slow
hydrolysis rcaction occurs even in the absence of OH™ ions.

15.7 SUMMARY

In this unit, we have described the procedure for five experiments in kinelics. Of
these, three are based an titrimetry, once each on colorimelry and conductomeltry.
Thesc experiments illustrale the use of integraied rate equalions in obtaining the
order of the reaction and/or raie constant. These cxperiments also illustrate the

Integrated Rate Equntion |

Method
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Cheniical Kinetics

For the purpose of standardisation
of HCI solution (B), 250 cm® of
sodium carbonale solution is
prepared by weighing accuratcly
aboul 1325 g sodium carbonsle,
dissolving in minimum quantily of
waler And making up 1o the mark in
a 250 em” standard flask.

For the purposc of standardisation
of sodium thiosulphate, 0.01 Af
K,Cry(2, (aboul 0.7356 g solid
K,Cr, 0 weighed accurately,
dissolved and made up 1o 25¢ ch) is
prepared. 20 em? of standard
K,(‘r.,O solution is Ireated with 10
cm oflo% K! solution and the
liberated iodine is titrated using
sadium thiasulphate solution
prepared above. The titration is
carricd out till straw yellow coloured
solution is obtained, whereby a fcw
drops of 1% starch solution js added,
A blue colour develaps due (o starch
— iodine complex and the titration is
conducted till'the hlue colaur
disappears leaving a green coloered
solution. From the titee values, the
malarity of sodium thiosulghate can
e caleulated.

method of following reactions obeying zeroth order, first onder and second order
kinetics. The preparation of solutions used in Experiments 17-21 is discussed in the
next section.

15.8 APPENDIX

Preparation of Solutions for Experiments 17(a) - (c) and 18

L

4.

6.

0.05 M 1, in 0.4 M KI (approximately) :

Weigh 12.7 g of iodine and place this in a 250 ¢cm? beaker. Add to the beaker,
66.4 g of KI and approximately 40 em® of dclomscd walcr. Stir to dissolve all
the jodine and, transfer the solution (0 a 1 dm® volumetric Mask and make up
to the mark with deionised water. .

2 M HCI (approximately) :

Transfer in small lots 180 cm? of concentraled hydrochloric acid (11 M) using
a measuring cylinder tp a | dm® volumetric flask which contains
approximalely 500 cm® of deionised water. Shake the flask after the addition
of each lot. Make up to the mark with deionised water. Let us catl this
solution by the name, hydrochloric acid (A). To know the molarity of solution
(A) exactly, let us dilute the solution by 20 times (10 am” of A diluted to 200 cm?).
Let this be called solution (B). Let us titrate solution (B) agains1 0.1 M
sodium carbonate solution using mecthyl orange indicator. If the molarity of
hydrochloric acid (B) is p, then the molarity of hydrochloric acd (A) is 20 p.

1 MHCl: :

To prepare 1 M HCI (accurately) from hydrochloric ac;d (A), lhe followmg
proceduye js.adoplcd. Transfer (1000720 p = ) 50/p cm” of hydrochloric acid
(A)intoal dm? standard flask and make up to the mark wnlh deionised
waler. The resultant solution is 1 M HCL

0.10 M NaHCO4 (approximately) :

Weigh 33.6 g NaHCO, and transfer to a 5 dm® bmtl:. or jar. Add 4 dm> of
deionised water in small lots, dissolve NaHCO, and shake the solution well.
As this solution is used enly [or quenching, the molarity nu:d not be exacl.
Hence one can make this solution in any big bottle (5 dm® ) or plastic j ]ar
One need not look for a volumetric {lask.

0.01 M Na,$,0, (approximately) :

Weigh 4.96 g of Na,8,0,.5H,0 and transfer to a 2 dm® volumetric flask. )
Dissolve and make up 10 the mark with deionised watcr. Prepare this solution
on the day the experiment is to be donc. Standardisc this solution with
standard K,CryO4 titrimetrically.

1%$iarch solullon

Heal aboul 900 cm?> of deionised water in a beaker. Then make a paste of 10
g of soluble slarch and 100 cm” of dejonised water. Pour this gradually with

stirring into the boiling waler and, continue boiling for a few minutes. Then
cool the solution. Starch solution should always be prepared just before use.

Acetonc : '
Acelone is 10 be used as such for Experiments 17(z) - (¢). Bul, for

-Experiment 18, 4 M acetone is to be used. The preparation of 4 M acetone is

done as [ollows:

. - . gy 3
Using a buretie, transfer 73.5 em” of acetone into 4 250 cm” fask and, make
up the solution to mark with deionised waler.

~ “Preparation of Solutions for Experiment 19 :
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For this:experiment, the concentration of the following solutions need not be known
exactly : -
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1. O5MHCl:
Transfer 45 cm® of concentrated hydrochloric acid (11 M) vsing a measuring

cylinder 10 2 1 dm® volumetric flask which contains approximalely 500 cm> of

dejonised water. Shake the flask aficr the addition of each lot. Make up 1o
the mark with deionised water.

2. 0.125 M NaOH:
Dissolve 10 g sodium hydroxide pelicts in 2 dm? of deionised water kept in a
5dm- jar.

3. . Phenolphihalein indicator solution :
Dissolve 5 g of phenolphthalein in 500 ecm> of ethanol. Add 500 ¢m® of water
stirring it constantly. Filter the solution, if there are any solid particles.

Preparation of Solutions for Experiments 20 & 21 -
1. M40 CHyCOOC,H; :

Pipette 4.9 cm? of ethyl acetate into a 2 dm® flask containing some deionised waler
and then make up to the mark with dcionised water. This solution should be
prepared on the day it is 1o be uscd because a slow reaction takes place even in the
absence of OH™ ions.

Ifyou want to prepare a more exact solution of ester, then adopt the [ollowing
procedure. This method also reduces error due o the volatalisation of the ester.
Take a clean dry weighing bottle and weigh it with some deionised water. Pipette 4.9
cm’ of the ester into the weighing boltle and weigh it again. Transfer the ester
solution carefully inio a 2 dm® volumetric fask, repeatedly wash the weighing bottle
with deionised water and transfer the washings also into ke standard (Task. Finaily
make up the solution to the mark.

Mauss of ester

Molar mass X Volume of solution in dm>
of esler

The molarity of ester =

2. 0.1 M NaOH (approximately) :
Prepare an approximately 0.1 M NaOH solution by dissolving 8 ¢ (weighed
approximaicly on a rough balance) of sodium hydroxide pellcts and dissolving
in 2 dm~ of deionised water. The exact strength of this solution is found hy
titraling against a standard solution of potassium hydrogen phthalate. Lei 1he
molarity of this solution be p.

3. MMONaOH:
To prepare M/40) NaOH solution, (2000/40p cm? =) Stfp em? of sodium
hydroxide solution of molarity p preparcd above, js taken in a 2 dm” siandard
flask, made up to the mark with deionised walter and shaken well. The
resultant solution is A7/40 NaQOH.

4. MAOHCI:
Transfer 4.5 cm® of concentrated HCI (11 M) using a mcasuriny cylinder tv a
2 dm* volumetric Mask which contains approximately 1 dm” deionised water
and shake the flask. Make up to the mark willi deionised waler. Standardise
this acid using M/40 NaOH solution prepired above and phenolphthalein
indicator.

5. Phenoiphthaicin indicator solution :
This is 10 be prepared as given in Experiment 19.

6. 0.1 M acctic acid :
Using a burette, transfer 7.5 em” ol glacial acetic acid into a 251 cm™
volumetric Mask containing 100 cm® of water and make up the solution 1o the
mark. This sotution (say, acetic acid (A)) is approximately 0.5 M. 20 em® of
this solution is dituted 10 160 cm® in a standard flask 10 obtain acetic acid

Integrated Rate Equntion
Method

IF 3,9 cm® of esier is made upto2dm’ina

standard flusk, the molarfly of ester caip be
caleulated knowing 1hat density of ester is
0.90 g/em” anu ils molar mass is 88 g/mol,

Maolarity of ester =
Mass ol ester

Py aw=a o

e =i

Malarmass x Voluime of the salutinnin dm?
_49%09

_WM=O'UEM

For 1l purpose of
stiendierdisation of NaQF
sofution, 0.1 M polassium
hydrogen plithalate is prepared
by weizhing nccuratcly ahout
5.105 g potassium hydrogen
phtbatale {molecular weight :
204.2), dissolving il in water and
making up ta 250 em?,
Pheoolplithalein is 1o be used as
indieator lor the titralion
belween polassium hydrogen
phihalile and sodium hydroxide.
Fram 1he titee vitlues, the
molarily ol sodium hydroxide
solulinn (sav. pY is calculared.

-
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Chemical Kinetics ~ (B). The molarity of acetic acid (B) is found out by litrating against
standardised p molar solution of sodium hydroxide prepared above using
phenolphthalein indicator. If the molarity of acetic acid (B) isy, then the
molarity of acetic acid (A) is 5 y. '

To prepare 250 em® of 0.1 M acetic acid, (250 x 0.1/5y =) Sly cm> of acelic
acid (A) is diluted to 250 cm® in a slandard flask. :
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