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1.1 INTRODUCTION

Inorganic chemistry is the branch of chemistry ttiedls with the properties and
behavior of inorganic compounds (non-living compadsi The experiments related to
science which include chemistry, biology, physits. @re carried out in a proper place
provided with the facilities for performing the expments is known as laboratory or
collogially lab. We have studied in lower clasdestta chemistry lab consists of different
types of chemicals, apparatus, equipment etc. Nowing to higher classes we must have

a complete knowledge of laboratory that one havestp in mind.

The present unit deals with the introduction of Mhich includes a general
knowledge of how to maintain a laboratory noteboW¥Rat are the common apparatus
used in the laboratory? How to use analytical bm&nHow to make standard solution?
How many types of standard solutions are there?t\dle lab reagents? What are the
safety measures taken in the laboratory for perfogrthe experiments? The unit is quite

interesting provided with suitable figures in ordieclear the topic properly.

It is necessary for a science student to have gletenknowledge of laboratories
because in laboratory we perform experiments, @esehange and obtain result. The
whole process can be easily kept in mind as weoparthe experiment in spite of reading
the same experiment from a book. Working in lalmsamakes the topic quite interesting.

Now for having a complete knowledge of a laboratarg move forward.

1.2 OBJECTIVES

After reading this unit you will be able to:

* Maintain a laboratory notebook.

* Have knowledge of commonly used apparatus in ther&iory.

* Know the method of using a pipette, burette, voluimeflask and analytical
balance.

» Explain different terms like precipitation, digesti filtration and ignition, drying,
cooling etc.

» Describe the process of titration.

» Classify the titration.
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» Classify the indicator.
» Determine the strength of given sodium hydroxida@W) solution.
» Have knowledge of lab reagents.

* Know the safety measures taken in the laboratory.

1.3 LABORATORY

As discussed above, a lab or a laboratory is eepldere experiments are performed. To
have a complete knowledge of chemistry laboratasy, must go through the following

sections which are discussed below:

1.3.1 Laboratory notebook

A laboratory notebook also known as lab noteboplpractical notebook or lab
record or lab manual is a record of experimentslaoted in the laboratory. The first page
of the notebook is of certificate where the namass; rolls no., institution name is
mentioned. The page next to the certificate isxngage where the brief idea of the
experiment performed are mentioned which includggkno., name of the experiment,
page no., date of experiment, date of submissiah ramark by teacher. Students are
strictly advised to fill the index page. After indeage certain chemistry notebook
contains basic concept of chemistry like logarittable, antilogarithm table, pH concept
etc. while in other notebooks, after index pageptoper pages for writing the experiment
are given. Left hand side pages are blank or withinas while the right hand side pages
are lined provided with experiment no., date, pageat the top and teacher’s signature at
the bottom. On the left hand side tables, caloatati chemical reactions, figure is
mentioned with a pencil. On the right hand side, wrée with a ball point pen. The
notebook should be well covered containing a readréxperiments performed in the

laboratory.

1.4 PIPETTE

Pipette is a glass apparatus used in laborataniegder to transfer a fixed volume of
solution or liquid. It consists of a long narrovb&uprovided with a bulb in the middle and

a single mark towards the upper side indicatingpeicular volume as shown in Figure
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1. Pipettes are used in the preparation of solstibhese are generally available in several
ranges like 0.5mL, 1 mL, 5mL, 10 mL, 25 mL.

Tip

Figure 1. Pipette

A clean pipette is used for transferring a paléicwyolume of a liquid. In order to

clean a pipette, fill it with distilled water by cking with the mouth. Now allow the water

to drain. While draining the water, it should beeatbthat if water drains without leaving

drops on the inner surface of the pipette, thisvshthat pipette is clean. If drops appear on

the inner surface of the pipette then clean it wigtergent or soap solution and with tap

water followed with distilled water at the end. Nawcleaned pipette is ready to use.

Suppose we have to transfer 10 mL of liquid ‘A’rfra beaker to a conical flask using a

pipette. We have to follow the steps given below:

First of all liquid A taken in a beaker. Never gigethe liquid or any solution directly
from the stock bottle or container.

Insert the tip of the 10 mL pipette into the beakentaining liquid A slowly in order
to avoid the breakage of the tip. Tip of the pipethould not be pressed against the
bottom of the beaker.

Now hold the pipette in your hand keeping the infieger (finger next to the thumb)
free as this finger is used further to cover theetie.

Remove the contact of the pipette with the bottdnthe beaker and suck liquid A
upward above the mark slowly without reaching thauth. Tilt and roll the pipette so
that liquid A runs through the inner wall of theogite. Now drain liquid A from the

pipette. This process is known as rinsing.
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Again liquid A is filled in the pipette above theark, remove your mouth and quickly
put the index finger over it tightly. By removiniget index finger slowly, maintain the
liquid up to the mark.

After maintaining the liquid A up to the mark, naake out the pipette from the
beaker with index finger at the top of the pipdigatly attached.

Insert the pipette into a conical flask slowly waith breaking the tip almost at an
angle of 20. Remove the index finger in order to releaseidigh into the conical
flask. When the entire liquid A is released, toticd pipette to the inner wall of the
conical flask in order to remove the liquid attaetiz the tip. It should be noted that

no air is to be blown into the pipette for withdiaw/the liquid.

1.5 BURETTE

Burette is graduated or calibrated glassware usddboratories. It consists of a

graduated narrow tube provided with the tap atlhb#om. The upper part is used for

adding the liquid or solution into the burette. &ikipette, burettes are generally used in

titration or for delivering known volumes of a ligu These are available in different

volume like 10 mL, 20 mL, and 50 mL. The commonBed burette possesses 50 mL

volume. In order to use a burette follow the sigipen below:

Suppose we are using 50 ml burette. It is graduiatdidating O ml at the top and 50
ml at the bottom of the burette near the tap. tlfsll hold the burette properly in a
burette stand by adjusting it vertically with tlag tat the bottom.Place a conical flask
below the burette.

Close the tap of the burette and fill distilled rain it. Now open the tap of the
burette and withdraw the water into the conicasKlaLet liquid A is to be filled in a
burette. Now after withdrawing distilled water, stothe tap and add small amount
i.e. 5 ml of liquid A into the burette using a fugtrso that liquid A run along the walls
of the burette. Now open the tap and drain thedidgu This process is called rinsing
of the burette.

Now fill the burette with liquid A up to Oml markekeping the tap of the burette
closed. One thing is to be noted that funnel iddusdy for filling the liquid A and

after filling the liquid A, the funnel is to be rawved. Now the burette is ready to use.
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* If we have to take 10 ml liquid A from the burettben we open the tap of the
burette, withdraw 10 ml of liquid A and close tta tof the burette.The burette will
show a reading of 40 ml after withdrawing 10 ml.this way burette is used for

delivering known volume of the liquid A.

As given earlier, burette is used in titration.efiéfore in titration one solution is
taken in the burette and another solution is talkea conical flask placed below the
burette as shown in Figure 2.Both the solutionsatimeved to react by opening the tap of

the burette.In this way burette is used in titnatio

- Burette

7 Burette stand

o6 T4 =S

[

{~<\ - Conical Flask

.ﬁ

Figure 2. Titration

1.6 VOLUMETRIC FLASK

Volumetric flask is a type of flask used in lakorg for preparing standard
solutions. These flasks are also known as meastiliasgs or graduated flasks. These
flasks are made up of glass and are pear shapkdawng neck and flat bottom as shown
in Figure 3.The size of the flask that we generaBig in laboratories are 10 mL ,25 mL,
50 mL, 100 mL, 250 mL, 500 mL, 1000 mL and 2000 rnLeach volumetric flask, there
is a mark on the neck which indicates the volunm. é&xample if we are using 25 mL
volumetric flask, then the mark on the neck of fleesk indicates the volume i.e. 25
mL.Let us discuss, how these volumetric flask aedufor preparing solutions of desired

volume:
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* Suppose we have to prepare 1/10 N oxalic acidisaliitaving volume 250 mL. For
this first of all the mass of the oxalic acid islacdated using formula w =
NEV/1000, Where N is normality of the solution, £e&quivalent weight and V is
volume of the solution. The mass calculated usheg above formula for making
1/10 N oxalic acid solution 250 ml is 1.57 g. Nowigh 1.57 g oxalic acid using an
analytical balance. The detail of analytical baargcgiven in the next section.

* Clean the volumetric flask as required; in thisecass 250 ml with distilled water.
Now transfer the above weighted oxalic acid inttblumetric flask using a funnel.
During the transfer of the acid, some acid get egllethe inner wall of the flask.

* Now distilled water is added into the volumetriagk in such a way that the acid
attached to the inner walls flow down with the waaed volumetric flask is half

filled. Now cover the flask using a cap and shalseithat oxalic acid may dissolve.

When the acid gets completely dissolved, againttié volumetric flask with
additional distilled water up to the mark very dalg. If the water crosses the mark then
there will be change in the volume of the solutmmsimply we can say that solution
prepared is not correct. Therefore attention isedaken while adding distilled water. We
will observe the formation of meniscus in the netkhe volumetric flask. Meniscus is a
curve formed in the container in the upper surfata liquid. The prepared solution is
1/10 N oxalic acid solution.

Cap

I —— Mark

Figure 3. Volumetric flask
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1.7 ANALYTICAL BALANCE

Before knowing how to use an analytical balanet, Us discuss about these
balance. Analytical balances are used in laboegoin order to measure small masses.
These balances contain a measuring pan on whiamals is placed. Measuring pans are
always placed inside a transparent chamber hawagsdso that while weighing these
doors remains closed and weighing is exact. Inrktbbdes, we use mechanical analytical
balance which is also known as chemical balance digidal analytical balance also
known as electronic balance as shown in Figure dw N day for quick weighing,
electronic balances are preferred over chemicalnoal Let us discuss the working of
digital analytical balance which is shown in Figute Some digital analytical balance
reads mass up to four digit after decimal while saeads two or three digits after decimal
in grams. The balance with four digit after decing@des more accurate results. For
weighing aliquid or a powder like substance, waunemjan appropriate container in which

these substances are placed.

——— Chamber

‘en i
 gumsm ——Display

-
T

Figure 4. Digital analyticalbalance

For the measurement of a solid substance, we icactlgg measure it as no container is
required to place the solid. Follow the given psinthile weighing a liquid or a powder

substance:

» Check the measuring pan of the balance. If itearlthen continue the next step.

« Switch on the digital analytical balance and pas$utton of the balance.

* Now open the door of the weighing chamber and péacentainer on the measuring
pan. Close the door and observe the reading. Tdding will show the mass of the

container.
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* Now on the balance, there is a tare button. Thissexd to neglect the mass of the
container. Press this tare button and we will oleseéhe zero reading with the
container which is placed over the measuring p4is & done in order to read the
mass of a given sample directly from the display.

« Open the door and the substance to be weigheddedadto the container with the
help of the spatula. Now close the door of the diemand read the display which

indicates the mass of the given sample.

In order to measure a solid substances, switclheralance, check the reading i.e. zero.
Now open the door of the chamber, place a solidtamge directly into the measuring
pan. Close the door so that weighing errors aramimed and read the display in gram.
The display indicates the mass of the solid sulsstarfter using digital analytical
balance, check whether the measuring pan is cleato If it is not clean, clear it and

then cover it.

1.8 HEATING, EVAPORATION, PRECIPITATION,
DIGESTION, FILTRATION, DRYING, IGNITION AND
COOLING OF PRECIPITATES

In chemistry, we study about gravimetric analyBisgravimetric analysis, the end
product is weighted and has direct relationshiphwiite substance to be quantitatively
analyzed or simply we can say that in gravimetnalgsis, we convert the soluble form of
a substance into a solid which involves heatinggpevation, precipitation, digestion,
filtration, drying, ignition and cooling. The solithus produced is weighted. All these
processes are discussed as follows: Precipitatianformation of a solid (precipitate) in a
solution. The chemical substance used to form aigtate is called as precipitant or
precipitating reagent. The precipitate gets caldcat the bottom of the solution.The
soluble form of a substance whose gravimetric edton is to be performed, if
concentrated is diluted using distilled water amehtheated slowly. Now in order to form
a precipitate, a precipitating reagent is addedl tim¢ solution slowly with constant stirring
as by this we obtain large crystals. Heating isedam order to have good crystals.
Precipitating reagent is added in such an amouat tile substance gets completely
precipitated because an extra addition of predipgareagent makes the precipitate

partially soluble. In order to check the completegpitation of the substance, few drops
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of precipitating reagent is added in such a way tte solution remains undisturbed. If on
adding precipitating reagent, there is formatioragbrecipitate, then more precipitating
reagent is added. If no such precipitation takesein the solution above the precipitate
then it shows that the precipitation is complet€de precipitate thus formed is heated
gently or slowly on water bath for half an hourhid process of heating the precipitate
slowly for half an hour is known as digestion. Tgrecipitate is said to be digested. After
digestion, filtration process is performed. Filiatinvolves the separation of precipitates
from the solution. Filter paper, asbestos matspymrglass crucibles are used. Porous
means with pores. We generally use filter paper@ordus crucibles for filtration. Filter
papers are available in large amount which diffethie pore size. Whatman number 42 is
a commonly used filter paper for the process dfafilon. In a funnel, filter paper is
wrapped properly and kept over the tripod stana 3tlution having precipitate is added
slowly over the funnel provided with beaker pladaeelow it. In this way, we obtain
precipitate as residue on the filter paper andsthetion (liquid) is collected into a beaker.
The precipitate is then washed in order to remawwanted ions. These ions are
attached to the precipitate causing high yieldhef precipitate. Washing is done with fast
current of the water. Fast current of the watesvalthe precipitate to agitate due to which
ions attached to the precipitate get disturbed. dreanted ions take time to settle being
lighter and as a result they get filtered. Aftershwag, the filtrate is tested in order to
detect unwanted ions. If the filtrate contains unigd ions it is further washed with fast
current of water and the process of washing isicoatl till the filtrate thus obtained is
free from unwanted ions. Now after washing of thecjpitate, drying of the precipitate is
performed. The funnel having filter paper containprecipitate is covered with a paper
having small pores is placed on the tripod startisameated. This is the common method
of drying. It can also be performed in an electven also. Dried precipitate is collected
on a butter paper in order to avoid the loss ofyieéd. The precipitate is then covered
with a funnel (by inverting it). We will observe a&h even after removing the dried
precipitate from the filter paper, still some ppetate will remain attached to the filter
paper. In order to remove some remaining preciitiie process of ignition is performed.
In this process, the filter paper containing somecipitate is folded and is burned
completely in a non- sooty flame by holding it wélpair of tongs. A silica crucible taken
and is weigh empty. As a result of burning ashhitaimed which is then taken in a silica

crucible. The ash is then heated till it becomesteviNow the precipitate which gets

UTTARAKHAND OPEN UNIVERSITY Page 10



LABORATORY COURSES -l BSCCH -204

reduced is recovered. Different chemicals are requior the recovery of the precipitate.
Now the precipitate is transferred from butter pajethe crucible. The crucible is then
cooled, weighted by using a digital analytical bak In this way we can obtain a solid
mass from the solution. There are several expetsnem the gravimetric analysis which

are being discussed in next unit.

1.9 STANDARD SOLUTIONS

We know that a solution is made up of two compdsieone is solute and other is
solvent. The component present in large amounbligest while component present in
small amount constitute solute. Here we will discabout standard solutions. Solutions
having known strength are known as standard saolsitidhere are different ways of
expressing strength of a solution. These are ioran fof molarity, molality, normality,
percentage by weight or by volume, parts per nmlbmd formality. Molarity of a solution
is defined as the number of moles of solute digsblper litre of the solution. It is
represented by M. Molality of a solution is defined a number of moles of solute
dissolved in thousand gram of a solvent. It isespnted by m. Normality of a solution is
defined as number of gram equivalent of the sadigeolved per litre of the solution. It is
represented by N. The percentage by weight meass ofasolute dissolved in 100 gram
of its solution. For example, 20% oxalic acid byigit means that in 100 g of solution of
oxalic acid, there is 20 g of the acid. Parts p#lian can be written as ppm. It is defined
as a number of milligrams of solute present in ttre of the solvent. Generally we
express hardness in ppm. Therefore we can saysthiation with known value of
molarity, molality, normality, ppm, percentage bgight or by volume or formality is said
to be standard solution. Standard solutions arpapeel either by direct weighing of the
substance or by standardization. Standardizatioa [@ocess of making one solution
standard by titrating it with another standard s8olu On the basis of their preparation,

standard solutions are classified as primary stahaiad secondary standard solutions.

1.9.1 Primary standard solutions:

Those solutions which are prepared by direct weglf the substance are called
primary standard solutions and these substancesaaté¢o be primary standard substances

or simply primary standards. For example, oxalid aierrous ammonium sulphate, silver
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nitrate, potassium dichromate ABr,O-), succinic acid. There are certain conditions that

primary standard substance must possess. These are:

It should be easily soluble in the desired solvent.

It should not undergo decomposition in the solvent.

It should be stable in air i.e. it remains unaféeict

* It must have large equivalent weight.

* On standing, there should be no change in its casitipo.

* |ts availability should be in highly pure state.

As mentioned earlier that primary standard sultstaare obtained by direct
weighing therefore in order to calculate the reegiiveight for the preparation of the
standard solution, we use a general formula: w ¥MB00, where N is normality of the
solution, E represent its equivalent weight andegresents the desired volume of the
solution in mL. Suppose we have to prepare N/l0ioxacid solution in 500 mL of
distilled water. As we know oxalic acid is a pripatandard substance hence its standard
solution is prepared by direct weighing. Keepingmality = 1/10, E = 63, V =500 mL, in
the above expression for calculating the weighg vtieight obtained is 3.15 g. Then 3.15 g
of oxalic acid is weighed using digital analytitellance transferred to 500 mL volumetric
flask using a funnel. Small amount of distilled ®atsay 50 ml is added into the
volumetric flask. Allow the oxalic acid to dissolv&Vhen oxalic acid get dissolve
completely, further add distilled water up to tharknindicating that the solution prepared
is 500 ml. The prepared solution in the volumeflask is 500 mL, N/10 oxalic acid

solution. In this way, primary standard solutions prepared.
1.9.2 Secondary standard solutions:

These solutions are not prepared by direct weggloh the substance but are
prepared by a process known as standardization. slibstance is called secondary
standard substance or secondary standards. Thieserstes do not fulfil the conditions
that a primary standard substance possesses. &opéx sodium hydroxide, potassium
hydroxide, hydrochloric acid, sulphuric acid. Inetlprocess of standardization, an
approximate weight of the secondary standard snbsts dissolved in a volumetric flask
of required volume and the exact amount of thetgoius obtained by titrating it against

another standard solution using some indicator. gitoeess of standardization involves
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the concept of titration.The preparation of staddsolution sodium hydroxide (NaOH) is

discussed in section 1.11.

1.10 TITRATION

Titration is a process of mixing of two solutiansorder to react in a conical flask.
One solution is with known strength or standard levhihe other solution is unknown
solution or solution whose strength is not knowhe Bolution which is to be titrated is
taken in a conical flask with the help of a pipedited other solution is taken in a burette.
Indicator is added to the conical flask in ordedé&tect the end point or equivalence point.
Two solutions are mixed dropwise by opening thedagthe burette. A sharp change in
color indicates the end point. At this point, treagtion between two solutions is just

completed.
1.10.1 Types of titration:

There are generally four types of titration depagdn the reaction taking place between

the two solutions. These are as follows:

1. Neutralization titration : These titrations are also known as acid- basdiditras it
involves two solution, one is of acid while the eths of base. For example, mixing of
sodium hydroxide (base) with oxalic acid. This aiion is further classified into
acidimetry and alkalimetry. In acidimetry, the siéh of an acid is determined by titrating
it with standard alkali solution. In alkalimetrhe strength of an alkali is determined by

titrating it against standard solution of an acid.

2. Redox titration: As the name indicates, redox titration are thasation in which on
mixing two solutions, one solution undergoes oxatatvhile the other solution undergoes
reduction or in simple words we can say that red@ction occurs on mixing. These are
also known as reducation- oxidation titration. Budstance which undergoes oxidation is
known as reducing agent while the substance thdengoes reduction is known as
oxidizing agent. In redox reaction, both oxidatiend reduction takes place
simultaneously. For example, mixing of ferrous amimm sulphate (FAS) and acidified
KMnQy, in which FAS undergoes oxidation and and KMaQlergoes reduction. Redox
titration includes iodine titration where iodineused as an oxidizing agent. There are two

types of iodine titration, one is iodimetric andb#rer is iodometric titration. In iodimetric
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titration, standard iodine solution is directlyrdited against some reducing agent. The
reducing agent used is generally hypo solution3@s.

2Na28203 L P —— Nap$406 + 2Nal

In iodometric titration, iodine is liberated froimdine solution by using some oxidizing

agent and then the liberated iodine is titratedh wistandard solution of a reducing agent.

3. Precipitation titration: As the name indicates, on mixing two solutions e¢hisr a
formation of precipitate. Precipitate is a solidasavhich get accumulate at the bottom of
the solution. For example, on mixing of sodium ciale (NaCl) with silver nitrate solution
(AgNOs), there is a formation of precipitate of silverlaride (AgCl). Precipitation
titration is also known as Argentometric titratioir; AQNOsis used as one of the solution

during titration for the estimation of chloride ¢ent in water using ¥CrO,

4. Complexometric titration: As the name indicates, on mixing two solutionsehsra
formation of a complex. Complexes are formed byatseand ligands; in which ligand
donate lone pair of electrons to metal mainly tittors elements. For example, in the
determination of hardness present in given wateipss, there is a formation of a complex
between C&/ Mg?* with EDTA. EDTA is a hexadentate ligand.One of gwdution is of

ligand and the other is of a metal containing conmgb
1.10.2 Indicators:

Indicators are those chemical substances thatateithe end point during titration by
color change. There are three types of indicators:

1. Internal indicators: Indicators which are added in the conical flasktaoring on of
the solutions are known as internal indicators. Egwample, phenolphthalein, methyl

orange etc.

2. External indicators: Indicators which are used outside the conical fiska white

tile) are known as external indicators. For examptgassium ferricyanide,sk-e(CN)].

3. Self-indicators: In titration, two solutions are used. When oneh#f solutions itself

acts as an indicator, it is known as self-indicatar, potassium permanganate (KMpO
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1.11 SAMPLE TITRIMETRIC EXPERIMENTS

There are several experiments based on the typttrafions i.e. acid- base
titration, redox titration, precipitation titraticand complexometric titration. Let us discuss

the determination of strength of given sodium hydte solution.
1.11.1 Determination of strength of given sodium hgroxide solution

As we know that NaOH is a secondary standard atemExact weighing of
NaOH is not done as it is hygroscopic in naturec@h absorb moisture from the
atmosphere). Hence an approximate weight of NaGhkisn in 500 mL volumetric flask.
Distilled water is added in a flask. First 50 mLdathen allow NaOH to dissolve. After
complete dissolution of NaOH, additional distille@ter is added up to the mark, thereby
making the solution 500 ml. We have simply dissaNeOH without weighing. Now in
order to determine its exact strength, we mix tefitsons, one of the solutions is NaOH
solution and the other solution is standard sofugjenerally the primary standard solution.
NaOH solution is taken in a burette and standafdtisa of known volume say 10 ml
solution of N/10 oxalic acid is taken in a conittabk. The standard solution of oxalic acid
is prepared by the method discussed in sectiori.1T8o or three drops of indicator
(phenolphthalein) are added into the conical fldsédw by opening the tap of the burette,
both solution one in the burette and another inchical flask containing the indicator
are mixed drop wise in order to react until lighblp color appears at the end point
indicating completin of reaction. When there isragin color, close the tap of the burette
and record the volume of the burette. Repeat traitin for two concordant readings and
the repeating volume be,MnL. Using law of equivalence (N1 = N,V,), the exact

normality of NaOH is calculated.
(Oxalic acid) NV1 = NoV, (NaOH)

Where N is normality of oxalic acid that is 1/104 V6 volume of oxalic acid that is 10 ml
and N is normality of NaOH which is to be calculated.eTl; is the exact normality of
NaOH. In this way, the normality of NaOH is detemsdl and is now become standard.
The strength of NaOH is calculated by multiplying With the equivalent weight. For
NaOH, equivalent weight is 40.

Strength(S) = Normality x equivalent weight
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1.11.2 Instrumental determination of an equivalencgoint:

There are different instruments used for detemgjrihe end point or equivalence
point like pH meter, conductivity meter. Using pteter, we can determine the end point
by measuring the pH of the solution while in conduty meter, we can measure
conductance of the solution. Let us discuss théhatkdf determining equivalence point
using conductivity meter. It is provided with a dowtivity cell which is dipped in a
solution for measuring the conductance. There désplay which shows conductance in
Siemens or ohm. A fixed volume of standard solution is taken irbeaker and its
conductance is measured by dipping the conductivél). Burette is filled with the
solution whose strength is to be determined. Thetisa is titrated and after every 2 ml
addition from the burette, the conductance of thiet®n is recorded. In this way, we
obtain a series of conductance value with simikand in first half and with different trend
in second half. Then these conductance valueslatteg against the volume of solution
added from the burette. The graph will show twaaight lines and their point of

intersection represents the equivalence point.

1.12 LAB REAGENTS

Lab reagents are the reagents or chemicals usébdamatory in order to bring
about chemical reactions. These reagents may kadiquid. Some of commonly used
lab reagents are: hydrochloric acid (HCI), sulpbwacid (HSOs), nitric acid (HNQ),
acetic acid (CHCOOH), ammonium hydroxide (NJOH), potassium hydroxide (KOH),
sodium hydroxide (NaOH), ammonium chloride (M), ammonium oxalate
(NH4),C,04.H,0O, Barium chloride (BaGIH,O), ammonium thiocyanate (NBNS),
Lime water Ca(OH) potassium ferricyanide FFe(CN)], potassium ferrocyanide
K4 Fe(CN)], potassium iodide (Kl), potassium permanganat®!iik,), copper sulphate
(CuSQ.5H;0), lead acetate (GEOO)Pb. 3HO, Silver nitrate (AgNG), sodium acetate
(CH3COONa.3HO), mercuric chloride (HgG), bromine water (BfH,0), chlorine water
(Cl,/H,0), iodine solution @), sodium carbonate (NaOs), sodium bicarbonate
(NaHCQ,), oxalic acid (GO4H,.2H,0), Urea (NHCONH,), ferrous sulphate (FeSOA4.
7H,0), potassium dichromate £{&r,O;), ethanol (CHOH), ethanol (GHsOH),
chloroform (CHCY}), carbon tetrachloride (Cg}) formaldehyde (HCHO), formic acid
(HCOOH), starch,KCrO, ,NaEDTA, NaEBT etc
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1.13 SAFETY MEASURES IN THE LABORATORY

It is not an easy task to work in a laboratoryefyene should be aware about the
safety measures that we have to consider while imgrik laboratory, any ignorance may

lead to an accident. Following points are to besaered:

» Every lab consist of a first- aid box containindton, bandages, ointments, thread,
needles etc. which should be open to all.

* In case of acid burn, immediately wash with coldtawaand then with dilute
solution of sodium bicarbonate while in case ofadllburn, after washing with
water, a dilute solution of acetic acid is used.

* Always wear a lab coat while working in the laborgt

» Always test tubes and boiling tubes must be takemholder.

» Glass apparatus must be made clean by washingctvittimic acid and then with
distilled water.

* Never throw hot chemicals in a sink. Allow thesectwl and then throw in the
sink.

» Perform each experiment carefully considering thescautions.

» After performing a practical, students are advigedean their hands with soap.

» Always use lab reagents in small amount.

» Concentrated acids like HCI,,BO,, and HNO3are used carefully as their contact
may lead to burning of the skin.

* Sometimes while working in the laboratory, vaponsee in the eye. In this case,
wash eye with cold water for a long time.

* Always place chemicals properly in the shelf witbger labelling.

+ Do not ever taste the chemicals

1.14 SELF-ASSESSMENT QUESTIONS (SAQ)

e Fill in the blanks:
1. Standard solution is a solution of known ..........
2. ..........is one of the way of expressing the strierjtthe solution.

3. Titration of oxalic acid with sodium hydroxide .i......... titration.
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4. Acid- base titration is also known as .......... tiva.

5. Self- indicator is ..........

6. Potassium ferricyanide is an .......... Indicator.

7. .......... standard solution are prepared by diresighing of the substance.
8. For determining the hardness of water, thetigneused is ...........

9. .......... are used for determining the end pointrduthe titration.

10. Sodium hydroxide is .......... standard substance.

11. Least count of burette iS.......oovoeoeeeiee e

1.15 SUMMARY

In this unit, we have discussed the basic intrtdoof laboratories which include
the knowledge of apparatus like pipette, burettdymetric flask, analytical balance. We
have also discussed the concept of gravimetricyaisaih which we have studied different
processes like precipitation, digestion, filtratioinying, ignition, cooling of the precipitate
and about standard solution, its preparation, typelsiding indicators, titration. Further
we studied about different reagents used in ther&bries and safety measures that we

have to consider while working in the laboratory.

1.16 GLOSSARY

* Indicators— Substance that indicates end point by color ceang

e Titration — Process of mixing of two solution in order to ge& a beaker or
conical flask.

» End Point: Point at which the reaction between two solutijmss completes.

» Standard Solution: Solution of known strength.

1.17 POSSIBLE ANSWER TO SAQ

1.14 SELF- ASSESSMENT QUESTIONS (SAQ)

e Fill in the blanks:
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1. Strength; 2. Molarity/ Normality/ Molality/ ppmformality; 3. Neutralization; 4.
Neutralization; 5. KMn@, 6. External; 7. Primary; 8. Complexometric; 9ditators; 10.
Secondary 11. 0.1mL
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1.19 TERMINAL QUESTIONS

1. Explain gravimetric analysis including the vaiscsteps involved in it.
2. Discuss the safety measures taken in the ladgrat

3. Classify various types of titrations and indizat
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2.8.5 Procedure
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2.8.7 Result

2.8.8 Precautions
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2.10 Glossary
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2.1 INTRODUCTION

In the previous unit, we have studied the conoémjravimetric analysis in brief.
The complete knowledge of the topic is providedhiis unit which covers different steps
involved during the gravimetric analysis. In thealsis, we convert soluble form of a
substance into a solid form which is then weighisohg digital analytical balance. This

makes the topic more interesting.

As we know that in gravimetric analysis, the enodpict is weighted (solid) which
is directly related with the substance being aredyquantitatively. The analysis involves
different process: heating, evaporation, precijitatdigestion, filtration, washing, drying,
ignition, cooling and weighing. In this unit, we liwvconsider several examples like
determination of the amount of aluminium as aluomimi(lll) oxide, copper as copper (1)
thiocyanate, iron as iron (lll) oxide, sulphatesams barium sulphate and aluminium as

aluminium 8- hydroxyquinolinate.

To understand the topic/ unit more clearly, we hgasthrough each and every step

involved during the analysis.

2.2 OBJECTIVES

After reading the unit, you will be able to:
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» Define gravimetric analysis.

» Explain different steps involved in the analysis.

» Know the precautions taken during the analysis.

* Know the method of determination of aluminium asnaihium (I1l) oxide, copper
as copper (l) thiocyanate, iron as iron (Ill) oxidalphate ions as barium sulphate

and aluminium as aluminium 8- hydroxyquinolinate.

2.3 GRAVIMETRIC ANALYSIS

In gravimetric analysis, the end product is wedghtatnd has direct relationship
with the substance to be quantitatively analyzedimiply we can say that in gravimetric
analysis, we convert the soluble form of a subgta@nto a solid which involves heating,
evaporation, precipitation, digestion, filtratiarying, ignition, cooling and weighing. The
solid thus produced should be stable, weighted @ssess high molecular weight. All
these processes are discussed as follows: Préicpites a formation of a solid
(precipitate) in a solution. The chemical substameed to form a precipitate is called as
precipitant or precipitating reagent. The precigitget collected at the bottom of the
solution.The soluble form of a substance whoseigratvic estimation is to be performed,
if concentrated is diluted using distilled wateraheén heated slowly. Now in order to
form a precipitate, a precipitating reagent is adokto the solution slowly with constant
stirring. Heating is done in order to have goodstals. Precipitating reagent is added in
such an amount that the substances get complatypfiated because an extra addition
of precipitating reagent makes the precipitate ipilytsoluble. In order to check the
complete precipitation, few drops of a precipitgtieagent is added in such a way that the
solution remains undisturbed. If on adding preaijily reagent, there is formation of a
precipitate, then more precipitating reagent iseaddf no such precipitation takes place in
the solution above the precipitate then it indisdateat the precipitation is completed. The
precipitate thus formed is heated gently or sloafywater bath for half an hour. This
process of heating the precipitate slowly for hef hour is known as digestion. The
precipitate is said to be digested. After digestfdtration process is performed. Filtration
involves the separation of precipitates from théutsan. Filter paper, asbestos mats,
porous glass crucibles are used. Porous meanspaitts. We generally use filter paper
and porous crucibles for filtration. Filter papare available in large amount which differ

in their pore size. Whatman number 42 is a commas8d filter paper for the process of
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filtration. In a funnel, filter paper is wrappedoperly and kept over the tripod stand. The
solution having precipitate is added slowly oves thnnel provided with beaker placed
below it. In this way, we obtain precipitate asiadas on the filter paper and the solution
(filtrate) is collected into a beaker which is show Figure 1.

liquid and insolubkle solid

S
filter paper.
filter funnel = =

- filtered solid
— residue

filtered liquid
— filtrate

Figure 1. Filtration process

The precipitate is then washed in order to remawvanted ions. These ions are
attached to the precipitate causing high yieldhef precipitate. Washing is done with fast
current of water. Fast current of the water allbe precipitate to agitate due to which ions
attached to the precipitate get disturbed. The uteehions take time to settle being
lighter and as a result they get filtered. Aftersiviag, the filtrate is tested in order to
detect unwanted ions. If the filtrate contains unied ions, it is further washed with fast
current of water and the process of washing isicoad till the filtrate thus obtained is
free from unwanted ions. Now after washing of thecjpitate, drying of the precipitate is
performed. The funnel having filter paper containprecipitate is covered with a paper
having small pores is placed on the tripod stariameated. This is the common method
of drying as shown in Figure 2.

.
Beaker - o f———————— Evaporating basin
Gauzre
Sait solution and sand
Filter fummned (\ Tripod
/ A
J e N IIII
/ \
/

Filter paper
Sand

fy
lrL 1 - Bunsen bumer
Corucal flask

Salt solution —e=——— I e

Figure 2. Filtration followed by drying process
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It can also be performed in an electric oven dls@ed precipitate is collected on a
butter paper in order to avoid the loss of thedyi@lhe precipitate is then covered with a
funnel (by inverting it). We will observe that evafter removing the dried precipitate
from the filter paper still some precipitate remaitached to the filter paper. In order to
remove the attaching precipitate, the process mtiam is performed. In this process,a
silica crucible is taken, heated to red hot andgtveempty until a constant weight is
obtained. The filter paper containing some preatpits folded and is burned completely
in a non- sooty flame by holding it with a pair toihgs. As a result of burning, ash is
obtained which is then taken in a silica crucilae ash is then heated till it becomes
white. Now the precipitate which get reduced isokeced. Different chemicals are
required for the recovery of the precipitate. Ndw& precipitate is transferred from butter
paper to the crucible. The crucible is then cooledigh by using a digital analytical
balance. In this way we can obtain a solid massnfthe solution in the form of
precipitate. There are several experiments on theirgetric analysis which is discussed

below.

2.4 DETERMINATION OF ALUMINIUM AS ALUMINIUM
(1) OXIDE

In this section, we will find the weight of alumimh which is precipitated in the form of
aluminium (Ill) oxide (AkOs). For this, a salt of aluminium is taken (potagimg. Let us

discuss the complete process below:
2.4.1 Reagents used:

Solution of potash alum @O, Aly(SOy)3.24H,0) which is provided as sample,
ammonium nitrate solution (N O3), ammonia solution (NFDH), ammonium chloride
(NHL4CI) etc.

2.4.2 Apparatus Used:

Volumetric flask, funnel, beaker, dropper, glass, toipod stand, burner, filter paper, wire

gauge, digital analytical balance, tong, silicactsle, desiccator, butter paper.
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2.4.3 Indicator used:

Methyl red is used as an internal indicator. Fas,t@.1g of methyl red is dissolved in 50

ml alcohol (ethanol) thereby making an alcoholiltion of methyl red indicator.
2.4.4 Theory:

When ammonia solution is added to the solution afagh alum (sample) under hot
condition in the presence of ammonium chloridenttiere is precipitation of aluminium

as hydroxide. Chemically this can be representeflbywing reactions:
2A12(SOus + BNHOH —— 2 AI(OH)3) + 3(NH);S0;

From potash alum Precipitate
The precipitate of aluminium hydroxide, Al (OfHus formed undergoes filtration,

washing, drying, ignition, cooling and weighing. g drying, water is removed from
aluminium hydroxide. Thus we obtain the precipitatealuminium (Ill) oxide, A}Osas

the end product which is weighted.
2A|(OH)3 —>A A|203 + 3H20
2.4.5 Preparation of solutions:

The following solutions are to be prepared: potakhm solution (sample), ammonium
nitrate solution and ammonia solution. Let us stath the preparation of sample. The
sample will be provided by the teaching staff. Artjgalar amount of potash alum is
weighted and transferred to volumetric flask asuneqgl. By adding distilled water, the
solution is prepared. Now we will discuss the prapan of ammonium nitrate solution.
For this, weigh 1.0 g of ammonium nitrate usingitdiganalytical balance and transfer
into a beaker. Measure 50ml of distilled water gsimeasuring cylinder and transfer it into
the beaker containing 1.0 g ammonium nitrate. Ia #ay 50 ml solution of ammonium
nitrate solution is prepared. Moving to the thiadusion, ammonia solution. Measure 30
ml of liquid ammonia using measuring cylinder amdnsfer it into a beaker. To the
beaker, add 30 ml distilled water. The preparedtsm is 1:1 ammonia solution.in this

way, we have three solution.

2.4.6 Procedure:

Let us discuss the process involved in the detetiin of aluminium as

aluminium (lll) oxide. For this, 500 ml beaker equired. Pipette out 20 ml of sample and
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transfer it to 500 ml beaker. Add 130 ml distilledter in it making a total solution of 150
ml in order to avoid co-precipitation. Weigh 2.004y of ammonium chloride (solid)
using digital analytical balance and transfer ithe beaker containing sample. Add 3 or 4
drop of alcoholic solution of methyl red indicatoto the beaker. In this way, 500 ml
beaker contains sample, ammonium chloride and rhet#tdy Now heat this solution
nearly to boiling so that precipitate does notiattlloidal state. Add ammonia solution
dropwise slowly into the beaker with constant stgr Continue the addition of ammonia
solution until the solution becomes yellow. The apmm solution cause precipitation
therefore it is a precipitating reagent. On addangmonia solution, there is formation of
precipitate of aluminium hydroxide. In order to acwlate the precipitate, very small
amount of tannic acid (solid) is added into thekeeaNow the solution in the beaker is
boiled to undergo the process of digestion. Afis,tthe precipitate is allowed to settle (3
to 4 hours) till the supernatant liquid (liquidg above the precipitate) is clear. Now after
setting down of the precipitate, filtration proceésdo be performed. For this, Whatman
filter paper no. 42 is used. The process is expthim section 2.3 with figure. After
filtration, the washing of the precipitate is dow&h ammonium nitrate solution (hot).
Precipitate is washed for about 4 to 5 time in ptdeemove unwanted ions ($0, CI).

As unwanted ions takes time to settle, they gearéd. For testing SO, barium chloride

is added while for testing ClI silver nitrate is used. After washing, drying thfe
precipitate is done. In drying, the funnel havinljef paper containing precipitate of
aluminium hydroxide is covered with a paper havamgall pores. It is then placed over
tripod stand having burner below it for drying &®wn in section 2.3. Now transfer the
precipitate to the butter paper and cover it witverted funnel. We will observe that after
transferring the precipitate, some precipitate sgihain attached to the filter paper. Hence
in order to increase the yield of the precipitéte, process known as ignition is performed
in which the filter paper is placed in a silica @hle which is then burnt strongly using a
burner until the formation of white ash. One pdmbe noted is that before placing filter
paper to the silica crucible, the crucible (empsyheated to red hot, then it undergoes
cooling in a desiccators and weighing process usiigital analytical balance, till a
constant weight of empty crucible is obtained. Aftee formation of white ash, the
precipitate is transferred from butter paper to thacible. Now allow the crucible
containing the precipitate to cool for some timerabm temperature and then in a

desiccators for 15 minutes. Finally the weighindgle crucible is done. By subtracting the
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weight of empty crucible from the weight of cru@ldontaining the precipitate, the weight

of precipitate is calculated.

2.4.7 Calculations:
The chemical formula of potash alum isSQy. Aly(SQy)3.24H0O which shows that it
contains two aluminium. Therefore:

BSO,. Al (SOy)3.24H,0 = 2 Al = ALOs

Potash alum

53.94g 101.94 g
Conversion factor = formula weight of 2 Al/ formulgight of ALO3
=53.94/ 101.94 =205
Weight of aluminium = conversion factor x weighttbé precipitate
=0.5291 x watigf the precipitate

Weight of the precipitate is calculated as expldiabove in the procedure by weighing.
2.4.8 Result:
The weight of aluminium which is precipitated as@din the given sample is ........ g.
2.4.9 Precautions:
Several precautions are to be taken while perfagrtfie experiment:
1. Weighing should be done carefully.
2. The solution should be hot before adding theipitating reagent.

3. Precipitating reagent should be added drop-witie constant stirring using clean glass

rod.

4. Remember to add ammonium chloride in order tontaen the pH of the solution as it

acts as buffer with ammonia solution.

5. Filter paper having attached precipitate shixeldburnt completely to ash in the ignition

process.

6. Ensure the removal of sulphate and chloride ions
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2.4.10 Self- assessment questions (SAQ):

* Fill'in the blanks:
1. The chemical formula of potash alumiis ..........
2. The precipitating reagent in the determinatibalominium as AlQsis ..........
3. The washing solution used in the determinatioal@minium as AQOsis ..........
4. The precipitating reagent is added to .......... sotut
5. Before drying, the aluminium is precipitatedfie form of ..........
6. After drying, the aluminium is present in themoof ..........
7. The cooling of the precipitate is performed in......

8. In order to maintain pH of the solution, .......... aslded before the addition of

ammonia solution.

9........ and ....... Are used to test sulphate and chéoiads in the solution.

2.5 DETERMINATION OF COPPER AS COPPER (I)
THIOCYANATE

In this section, the weight of copper is calculatagich is precipitated in the form of
copper (1) thiocyanate (CuSCN). For this any satitaining copper is taken, in this case

copper sulphate (CuSGBH,0) is used. The whole process is discussed below:

2.5.1 Reagents used:

The following reagents are used: copper sulphateitiso (sample), acetic acid,
sulphurous acid solution @80;), ammonium thiocyanate solution, 20% ethanol, tdilu
HCI.

2.5.2 Apparatus used:

Volumetric flask, funnel, beaker, dropper, glass, toipod stand, burner, filter paper, wire

gauge, digital analytical balance, tong, silicactsle, desiccator, butter paper.

2.5.3 Theory:
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In the solution of copper sulphate, sulphurous &iddded along with few drops of dil.
HCI to make the medium slightly acidic. In the @ese of sulphurous acid (reducing
agent), there is reduction of €uo CU. The copper (I) thiocyanate is precipitated from

the solution of copper sulphate. The chemical reastinvolved in the process are:

2, 2_ 2
2Cu + SO; + H,0 — 2CU + SO+ 2H"
copper sulphate sulphurous acid

Now to the solution, precipitating reagent (ammamithiocyanate) is added dropwise

with constant stirring.

2CU + 2SCN —» 2CuSCNy

Ammonium thiocyanate  Copper thiocyanate
(white)

2.5.4 Preparation of solutions:

The following solutions are to be prepared: solutiof copper sulphate (sample),
ammonium thiocyanate solution, sulphurous acidtsmiy washing solution. The copper
sulphate solution (sample) is provided by the teexland is prepared in the same manner
as discussed in the above experiment. While matkiegsample, few drops of acetic acid
is added in order to check the hydrolysis of thHe $&w moving to another solution i.e.
solution of ammonium thiocyanate (W&CN) which acts as precipitating reagent. Weigh
10 g of NHSCN using digital analytical balance and transfeioil00 mL volumetric
flask. Add distilled water first in small amountdaafter dissolution further add distilled
water up to the mark. The prepared solution is,s8EN solution. For preparing
sulphurous acid solution, sulphur dioxide ¢p@as is passed in 50 mL of distilled water.
SO, gas in the laboratory is formed by adding hot catreg¢ed sulphuric acid on copper
turnings. For the preparation of washing solutiam require the mixture of distilled
water, NHSCN and HSGs. To about 100 mL distilled water, 1 mL of abovemared
NH,SCN solution is added along with 3-4 drop 0fSE;. The last solution is 20%
ethanol. For this 20 ml of ethanol is added iniltkst water, making a total volume of 100

mL.

2.5.5 Procedure:
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Now in order to estimate copper as copper () yaoate from copper sulphate solution,
the following procedure has to be followed: Pipetie 20 ml of the sample and transfer it
to 500 ml beaker. Now to the beaker, dilute solutdd HCI is added (few drops) along
with 15- 20 mL of sulphurous acid solution. Now adidtilled water into the beaker
making a total volume of 150 ml so that co- prdeigons do not take place. Allow the
solution in the beaker to be heated nearly to hgifs it leads to good crystal formation.
When solution boils, the precipitating reagent, ammm thiocyanate solution is added
slowly into the beaker dropwise (5 mL) with constatirring. We will observe the
formation of curdy white precipitate of copper ithjocyanate. Digest the precipitate and
allow it to settle down for 3 to 4 hours. The pres®f filtration is performed as done in
the earlier experiment. Washing is done using weskblution under cold condition to
prevent the oxidation of Cu(l) to Cu (Il). After slaing, drying process is performed at
100°C followed with ignition process (ash treatmentheTsilica crucible (red hot) is first
weigh empty till a constant weight is obtained #meh with the precipitate. Now after the
formation of white ash as explained in above expent, the precipitate is transferred
from butter paper to the crucible. Now allow thaaible containing the precipitate to cool
for 30 minutes in the desiccator and then weighimgdone. Finally the weight of
precipitate is calculated.

2.5.6 Calculations:

For determining the weight of precipitate (CuSCWNg have taken CuSGH,O solution
as a sample. Therefore:

CuSQ@.5H,0 contains one copper = Cu = CuSCN

249.68 g 63.59g 121.63 g

Conversion factor = formula weight of Cu/ formulaight of CuSCN = 63.5/ 121.63 = 0.522

Weight of copper = 0.522 x weight of the preci@t@CuSCN)

2.5.7 Result:

The weight of copper which is precipitated as cogpehiocyanate in the given sample is
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2.5.8 Precautions:

Several precautions are to be taken while perfagrifie experiment:

1. Weighing should be done carefully.

2. The solution should be hot before adding theiprating reagent.

3. Precipitating reagent should be added dropwies@nstant stirring.

4. Always add sulphurous acid while making waslsotytion as it prevent the oxidation
of Cu(l) to Cu(ll).

2.5.9 Self- assessment questions (SAQ):

* Fillin the blanks:
1. In the estimation of Cu as Cu (I) thiocyandte, precipitating reagent used is ..........
2. Sulphurous acid is added into the solutiont asts as .......... agent.
3. The color of copper (I) thiocyanate precipitiate.........
4. Washing solution is a mixture of .......... ) ereeeeeins and......

5. The chemical formula of copper sulphate is ..........

2.6 DETERMINATION OF IRON AS IRON (lIl) OXIDE

In this section, we will estimate iron in the fowhiron (Ill) oxide. For this, any salt of
iron is taken (in this case, ferrous ammonium satlph The complete process is discussed

below:

2.6.1 Reagents used:

The following reagents are used in the experimssittion of ferrous ammonium sulphate
(sample), dil. sulphuric acid g80,), ammonia solution (NFDH), ammonium nitrate
solution (NHINO3), conc. nitric acid (HNG).

2.6.2 Apparatus used

Volumetric flask, funnel, beaker, dropper, glass, toipod stand, burner, filter paper, wire

gauge, digital analytical balance, tong, silicactsle, desiccator, butter paper.

2.6.3 Theory:
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Ferrous ammonium sulphate solution (FeSMH,).SO,.6H,0) is used in order to
precipitate iron as iron (ll1) oxide. In ferrous amanium sulphate, iron is present as'Fe
For the oxidation of Féto F€*, conc. HNQ is added. The reaction involved in the

process is as 5 follows:
2Fe + Con. HNG; > 2Fe3+
Mohar's salt

3
2Fe’+ OH——> Fe(OH)y
From NH,OH
The precipitate of ferric hydroxide Fe (Q)f)is red- brown in color which further

undergoes drying to form iron (Ill) oxide (fy).

2Fe(OHy —— Fe,03 + 3H,0
Red brown

In this way, iron is precipitated as iron (Ill) o gravimetrically.
2.6.4 Preparation of solutions:

The following solutions are to be prepared: sohtiaf ferrous ammonium sulphate
(sample), ammonia solution and solution of ammonnitrate (NHNO3). The sample is
prepared by dissolving a particular amount of salfistilled water in a volumetric flask
(fixed volume). The sample is provided by teaclerother solution to be prepared is of
ammonia. For this 30 ml of ammonia is mixed withBQ of distilled water making a
total of 60 mL. Here ammonia solution is used @sexipitating reagent. Now moving to
another solution i.e. ammonium nitrate, 1.0 g oframium nitrate is weighted by using
digital analytical balance and is transferred t® HOL volumetric flask using a funnel.

Now add distilled water up to the mark. The pregaelution is NHNOj3 solution.

2.6.5 Procedure:

In order to estimate iron as iron (lll) oxide, wave to follow the given procedure: Pipette
out 20 ml of the sample provided and transfer i@ ml beaker. In order to avoid co-
precipitation, add 30 ml of distilled water inteetbeaker and the mixture is heated nearly
to boiling (as it leads to the formation of googstals).Allow the solution to cool and then
add 5 ml of concentrated HNCHNGO;, nitric acid is a strong acid and acts as an oxidiz

agent. Now boil the mixture for 5 minutes so thhtFa®** are oxidized to F&. Now add
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200 ml of distilled water into the beaker contagitime mixture. Again the mixture is
heated to nearly boiling and precipitating reagentammonia solution is added dropwise
with constant stirring till the medium becomes ba3ihe presence of the basic medium is
detected by the presence of odour of the vapouray@ears form the mixture. This leads
to the formation of reddish- brown precipitate e{®H). Now the precipitate is digested.
After digestion, allow the precipitate to settlenan Now filtration is done using Whatman
filter paper 42. After filtration, washing of theqeipitate is to be done by using the above
prepared NENOssolution (hot) in order to remove unwanted ion lulphate. After
washing, wait for few minutes, dry it and then sfem the precipitate to the butter paper.
Then for removing the attached precipitate, astitnent is done in the same way as done
in the earlier experiment. Now transfer the preaaigi from butter paper to the silica
crucible and allow the crucible to cool in a deatct. After cooling of the precipitate,
weighing process is done and the weight of theipitate of F@Osis calculated as done in
earlier experiments. In this way, we determine iasniron (lll) oxide from a solution of

ferrous ammonium sulphate.
2.6.6 Calculations:

The chemical formula of is ferrous ammonium sulph&t FeS@ (NH4),SO,.6H,0.
Therefore:

2 FeSPO(NH,),SO.6H,0 = 2Fe = KO3
2 FeSO(NH,),S0.6H,0 = 2Fe = Fo
783.92 g 111.68 g 159.68 g
Conversion factor = formula weight of 2 Fe / falanweight of FgO;
=111.68/ 159.68 6904

Weight of iron = 0.6994 x weight of the precaié (FeOs)

2.6.7 Result:

The weight of iron which is precipitated as ironl)(loxide in the given sample is

.......... g.
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2.6.8 Precautions:

Several precautions are to be taken while perfagrtfie experiment:

1. Before precipitation, all Fe(ll) must be oxidizéo Fe(lll) which can be checked by
using potassium ferricyanide. With Fe(ll), it givsie color while with Fe(lll), it gives no

color.

2. Removal of sulphate ions after washing musthezked.
2.6.9 Self- assessment questions (SAQ):

* Fillin the blanks:
1. The chemical formula of ferrous ammonium sulphst..........
2. Concentrated nitric acid acts as an .......... agent.
3. The washing solution used in the estimationai &as iron (Ill) oxide is ..........
4. The precipitating reagent used in the estimatfaron as iron (Ill) oxide is ..........

5. In the given experiment, ironin .......... statexédized to .......... state.

2.7 DETERMINATION OF SULPHATE IONS AS BARIUM
SULPHATE

In this experiment, we will determine the weightsofphate ions which are precipitated as
barium sulphate. For this, salt containing sulphatéaken in which barium chloride is

added to form precipitate of barium sulphate. Tév@glete process is discussed below:

2.7.1 Reagents used

The following reagents are used in the experimsarple (copper sulphate solution),HCI

solution and barium chloride (BagLkolution.
2.7.2 Apparatus used
The apparatus used aresame as given in the abpgaraents.

2.7.3 Theory:
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Sulphate ions are precipitated as barium sulphgt@daling dilute solution of barium
chloride (hot) into the solution containing sulphains or sample. The following reaction

takes place if the sample provided is of coppephate (CuSQ):

CuSQ, +BaCh — » BaSQ;+ + CuCh
White precipitate

2.7.4 Preparation of solutions:

The following solutions are to be prepared: Baricimoride solution, solution of copper
sulphate sample, HCI solution. Let us start with pineparation of Bagkolution. Weigh
5.0 g of barium chloride and transfer it to 100 wvolumetric flask using a funnel, add
distilled water up to the mark. The prepared sofuts 5% BaGl solution. Now moving to
the sample, it is prepared by dissolving a pardicamount of copper sulphate in the fixed
volume of distilled water in a volumetric flask. iStsolution is provided by the instructor.

For HCI solution, 5 mL of conc. HCI is mixed withndL of distilled water.
2.7.5 Procedure:

In order to perform the experiment, first of alpeite out 20 ml of sample (CugO
provided and transfer it to 500 ml beaker. Add b@lOof distilled water into the beaker,
making a total of 120 ml solution. Now to the bealkald 3 ml of dilute HCI solution in
order to have high yield of crystals. The solutisnthen heated to nearly boiling and
addition of 5% barium chloride solution is star@p wise with constant stirring. This
lead to the formation of white precipitate of lani sulphate (BaS{p. In order to check
precipitation, few drops of precipitating reagenadded further. Digest the precipitate and
allow it to settle. After setting down of the prgitate, filtration process is carried out
followed with washing of the precipitate with hotstlled water. Now the washed
precipitate undergoes the process of drying tolpd®)0°C in an oven. After drying, the
precipitate is transferred to a butter paper aedd¢maining precipitate is recovered by the
process of ignition. After ignition, the precipias transferred from the butter paper to the
silica crucible containing the white ash. The doleiis then cooled in a desiccator
followed by weighing process. In this way, sulph&es are precipitated as barium

sulphate (white color).
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2.7.6 Calculation:

It is clear that sulphate ions taken in the fornCofSQ is precipitated as barium sulphate,

therefore:
SO = BasQ
96.06 g 233¢12
Conversion factor = formula weight of $0 formula weight of BaS@®
= 96.06/ 233.42 6.4115
Weight of SQ“= 0.4115 x weight of the precipitate

2.7.7 Result:

The weight of sulphate ions that are precipitatedhe form of barium sulphate in the

provided sample is .......... g.

2.7.8 Precautions:

The following precautions are to be undertaken evpérforming the experiment:
1. Precipitation should be done when the solutamoit.
2. Always remember to add dil. HCI as it leadshi® fiormation of good crystals.
3. For accurate result, drying should be done ptppe

2.7.9 Self- assessment questions (SAQ):

e Fill in the blanks

1. The precipitating reagent used in the estimatibsulphate ions as barium sulphate is

4. The color of barium sulphate crystalsis ..........

5. Conversion factoris aratio of ..........
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2.8 DETERMINATION OF ALUMINIUM AS ALUMINIUM 8-
HYDROXYQUINOLINATE

Under this topic, we will determine the weightadiminium which is precipitated
as aluminium 8- hydroxyquinolinate by adding oxswution (8- hydroxyquinoline). For
this, the sample containing unknown salt of aluommiis taken. The detail of the

experiment is discussed below:

2.8.1 Reagents used:

The following reagents are used: ammonium alumisuwiphate solution (sample), dil.

HCI, oxine solution, acetic acid and ammonium ageesalution.
2.8.2 Apparatus used:

The apparatus taken are same as used in earlier@ents.
2.8.3 Theory:

Aluminium is one of the metal that form complex hwidxine. The complex is insoluble
leading the formation of precipitate of aluminiummat¢e. Oxine is a bidentate ligand
which is also known as 8- hydroxyquinoline. Whernexsolution is added to the sample
containing aluminium (ammonium aluminiumsulphate)the pH range 4 to 10, &l

reacts with oxine. The reaction is represented as:

3+
Al . 3CoHe(OHIN ——> Al[CgHeON] +3H"

From S ini i
amo.alumi. sulphate ~ 8-Nydroxiquinoline alumintumoxinate

In this way, the precipitate of aluminiumoxinatd([8sHsON]3) takes place.
2.8.4 Preparation of solutions:

The following solution are to be prepared: ammonialaminiumsulphate solution,
NH4AI(SO,4), which acts as a sample, oxine solution, acetid aciution and ammonium
acetate solution. Let us start with the preparatbrthe sample which is prepared by

dissolving a particular amount of ammonium alunmmgwlphate in distilled water in a
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fixed volume (volumetric flask). Now for the prepéion of the oxine solution, 1.0 g of
oxine is weighted and transferred to 50 mL volumetiask. About 10% acetic acid
solution is prepared and this solution is transférto the 50 mLvolumetric flask
containing the oxine up to the mark. The preparetlition is of oxine. Now for
ammonium acetate solution, 15.4 g of ammonium &eetaweighed and transferred to
100 mL volumetric flask. Distilled water is addepl o the mark. The solution prepared is

of ammonium acetate.
2.8.5 Procedure:

Pipette out 20 mL of the provided sample and temisfto 500 mL beaker. Add distilled
water making a total volume 150 mL. Now add dil.IHE mL) into the beaker. Now the
solution is heated nearly to boiling. For precipaa to take place, oxine solution is added
dropwise with constant stirring along with additiohammonium acetate solution slowly.
Ammonium acetate acts as a buffer maintaining thénghe range 4 to 10 that is required
for the formation of aluminiumoxinate (precipitatelhe precipitate thus formed is
digested by heating which is followed by furthed#idn of ammonium acetate solution
(nearly 20 mL). In order to check complete preeipan, the supernatant liquid which in
the beginning is greenish- yellow in color chantge®range- yellow color at the end of
the precipitation. Therefore, the beaker contairimg precipitate is covered with watch
glass for observing the change in color. Now thecimitate will settle down and the
filtration process is followed as done in previ@gperiments. After this, washing of the
precipitate is done by cold distilled water follaviey drying of the precipitate at 1%Din
order to remove moisture. After ash treatment thexipitate is collected in the silica
crucible. The precipitate then undergoes coolingcgss in a desiccator followed by
weighing process. In this way, we determine theghveiof aluminium which is

precipitated as aluminium 8- hydroxyquinolinateabrminiumoxinate.
2.8.6 Calculations:

In the given experiment, the aluminium is precigith in the form of aluminium 8-

hydroxyquinolinate. Therefore:
AIP*(ammonium aluminiumsulphate) = AlddsON]s

26.97¢9 459.43 ¢
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Conversion factor = formula weight of 44 formula weight of Al [GHgON]3
= 26.97 / 459.43):0587

Weight of aluminium = 0.0587 x weight of the ppatate (Al [GHsON]5)

2.8.7 Result:

The weight of aluminium which is precipitated asminium 8- hydroxyquinolinate in the

given sample is ..........Q.
2.8.8 Precautions:
The following points should be considered whilefpening the experiment:
1. Dilute HCI should be added in small amount.
2. Precipitating reagent should be added slowlf witnstant stirring.
2.8.9 Self- assessment questions (SAQ):
* Fillin the blanks:
1. The color of aluminium 8- hydroxyquinolinate.is.......
2. The pH range required for the estimation of ahimm is ..........
3. The chemical formula of ammonium aluminiumautgha ..........
4. The chemical formula of aluminium 8- hydroxyquiinate is ..........

5.0xineisa.......... ligand.

2.9 SUMMARY

In this unit, we have discussed the gravimetriglysis in detail in which we have
determined the amount of substance present inengiample by using the weight of the
product formed. In this unit, five different anadgsare undertaken. In the first analysis, we
have calculated the weight of aluminium which iegipitated as aluminium (lll) oxide in
the given sample of aluminium salt. In the secomalysis, we have calculated the weight
of copper which is precipitated as copper (l) thatate in the provided sample of copper
salt. In the third analysis, we have calculatedwlegght of iron which is precipitated as

iron (Il1) oxide in the given sample of salt comtiaig iron. In the fourth analysis, we have
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calculated the weight of sulphate ions which arecypitated as barium sulphate in the
given sample of salt containing sulphate ions anthe fifth analysis, we have calculated
the weight of aluminium which is precipitated asmainium 8- hydroxyquinolinate in the

provided sample.

2.10 GLOSSARY

» Precipitation — Process of formation of a solid from a solution.
» Digestion —Process of heating of precipitate for about halhaur.
» Filtration — Separation of a precipitate from the supernatguoidi

* Precipitant — Chemical substance used to form precipitate (sofidluble mass).

2.11 POSSIBLE ANSWERS TO SAQ

2.4.10 Self- assessment questions (SAQ)

e Fill in the blanks:
1. KoSOu. Alx(SOQy)3.24H,0; 2. Ammonia solution; 3. Ammonium nitrate solutia. Hot;

5. Al(OH)z; 6. Al,Os ; 7. Desiccator; 8. Ammonium chloride 9. Ba&hd AgNQ
2.5.9 Self- assessment questions (SAQ)

e Fill in the blanks:

1. Ammonium thiocyanate; 2. Reducing; 3. Curdy #hié4. Ammonium thiocyanate,
sulphurous acid, distilled water; 5. CuS6H,0

2.6.9 Self- assessment questions (SAQ)

e Fill in the blanks:

1. FeSQ. (NH,)2SOy.6H,0; 2. Oxidizing; 3. 1% ammonium nitrate; 4. Ammosution;
5. Second, Third

2.7.9 Self- assessment questions (SAQ)

e Fill in the blanks
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1. Barium chloride solution; 2. Hot distilled wat&:. Good; 4. White; 5. Formula weight
of SO?7 Formula weight of BaS9

2.8.9 Self- assessment questions (SAQ)

e Fill in the blanks:

1. Yellow; 2. 4 to 10; 3. NEAI(SO,), ; 4. Al [CsHeON]; : 5. Bidentate
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2.13 TERMINAL QUESTIONS

1. Explain the process of determination of alunmmias aluminium (Ill) oxide and

aluminium 8- hydroxyquinolinate respectively.

2. Taking two example, explain how the amount abstance is determined by

gravimetric analysis.
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UNIT 3: VOLUMETRIC ANALYSIS

CONTENTS:
3.1 Objective
3.2 Introduction

3.3 Determination of sodium carbonate and sodium hyideoin a mixture by indicator

method
3.3.1 Chemicals and equipments required:

3.3.2 Theory

3.3.3 Procedure

3.3.4 Observation table

3.3.5 Calculations

3.3.6 Results

3.3.7 Precautions

3.4 Determination of the strength given farrous ammonigulphate solution by

permanganatometry
3.4.1 Chemicals and equipments required
3.4.2 Theory
3.4.3 Procedure
3.4.4 Observations and calculations
3.4.5 Calculations
3.4.6 Result
3.4.7 Precautions

3.5 Determination of the percentage of iron in givemrdas ammonium sulphate

solution by chromatometry
3.5.1 Chemicals and equipments required
3.5.2 Theory

3.5.3 Procedure
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3.5.4 Observations and calculations
3.5.5 Result
3.5.6 Precautions

3.6 Determination of the percentage of available chierin given water sample
containing bleaching powder

3.6.1 Chemicals and equipments required

3.6.2 Theory

3.6.3 Procedure

3.6.4 Observations

3.6.5 Calculations

3.6.6 Result

3.6.7 Precautions

3.7 Determination hardness (total, permanent and teampor of water by
complexometry

3.7.1 Introduction

3.7.2 Chemicals and equipments required

3.7.3 Theory

3.7.4 Procedure

3.7.5 Observations

3.7.6 Calculations

3.7.7 Results

3.7.8 Precautions

3.8Summary

3.9 Terminal questions

3.10Answers

3.1 OBJECTIVE

Laboratory exercises discussed here are designgitte you knowledge and skills
to design, understand and perform volumetric aealy¥ou should be able to implement
this knowledge to various analysis scenarios. Veiim analysis refers to titrations, a

guantitative analysis technique widely used to mheitee quantity of a constituent present
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in analyte of interest. Titrations are of sevesglets, for instance, acid-base titrations,

complexometric titrations, redox titrations andgapéation titrations.

First experimenti.e., determination of sodium carbonate and sodiumdwide in
a mixture by indicator method is an acid-base ttara You will learn that different
indicators can be used depending on the pH rangadidator and the pH of reaction
mixture at end point. Second and third experimearts the redox titrations utilizing
oxidizing agents KCr,O; and KMnQ respectively. These experiments essentially irevolv
oxidation reduction reactions between the analyi@ t#trant. Exercises 3.4 and 3.5 also
put across that a suitable indicator can be usttkitolour change of analyte or titrant at
the end point of redox titrations is not remarkaldelometric titration discussed in fourth
exercise is essentially a redox titration. It skdobke kept in mind that in iodometric
titration, the either appearance or disappearahadementary iodine can be utilized to
indicate the end point. Exercise 3.6 uses disappear of iodine as indicator event.
Exercise 3.7 portrays a complexometric titrationomplexometric titrations are
particularly useful for the determination of a nuise of different metal ions in solution.
This experiment teaches how the formation of a dermpan be used to indicate the end

point of a titration.

Experiments in a chemistry laboratory almost akvayolve reagents those have
several hazardous associated with them. Some resatiext we use are strong oxidizing
agents; others are flammable or form toxic vapouesrning safe laboratory practices is
always one of the prime objectives of laboratorgreises. Hence, you will learn to deal

with titration assemblies, delicate glassware &ndd reagents etc.

3.2 INTRODUCTION

Chemical analyses are of two types; qualitativel guantitative. Qualitative
analysis involves identification of the constitugne.g., elements, ions or functional
groups, present in a substance whereas quantitaigdysis involves determination of the
guantities of particular constituents present substance. Volumetric analysis is the term
used for quantitative chemical analyses which wmeomeasurement of volumes of
substances or their solutions in order to deterniree particular constituents of the
substance of interest. A term, titrimetric analysisalso often used to describe such

experiments. Thus, titrimetric analysis or titrimyets a common laboratory method of
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guantitative chemical analysis. It is used to detee the unknown concentration of a
known analyte by treating a certain volume of ithlinown concentration and volume of
a reagent called titrant. You must bear in mind tlidume measurement play most vital
role in titrimetric or volumetric analysis, henagch measurements should be performed

with utmost care.

3.3 DETERMINATION OF SODIUM CARBONATE AND
SODIUM HYDROXIDE IN A MIXTURE BY INDICATOR
METHOD

3.3.1 Chemicals and equipments required:

An aqueous solution of NaOH and J&€&; (mixture solution), phenolphthalein indicator,
methyl orange indicator, standard hydrochloric 40id N), burette, pipette, conical flasks

etc.
3.3.2 Theory:

Determination of sodium carbonate and sodium hyidein a solution containing mixture
of these alkalies by indicator method involves abake titration. Thus, the solution
containing both alkalies is titrated against a regraacid such as hydrochloric acid.
Reaction of hydrochloric acid with sodium hydroxiie a single step neutralization
reaction as presented by equation (i). At the eddance point of reaction (i) solution turns
neutral due to complete neutralization of stron@lakodium hydroxide by the strong acid

hydrochloric acid. This equivalence can be deteeahiby indicator phenolphthalein.

Figure 1. Molecular structure of phenolphthaleimicato

On the other hand neutralization of sodium carb®math hydrochloric acid involves two

steps presented by equations (ii) and (iii). Atiegl@nce points of reactions (ii) and (iii)
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the reaction solutions are alkaline and acidic @uthe formation of sodium bicarbonate
and carbon dioxide respectively. Thus, suitablecetdrs for determining the equivalence

points of reactions (ii) and (iii) are phenolphtialand methyl orange respectively.
HCl + NaOH ———— NaCl + HyO e (i)

HCl + NayCO3 — » NaHCQO; + NG| -eveereverennee (ii)

NaHCQO; + HCI

HzO + COZ + NAC| rrrrrerrreenen (.|||)

f— _< >_ CH
(@] ? N\\N N/ 3
) \

Na+ CH3

Figure 2. Molecular structure of methyl orange icatior
3.3.3 Procedure:

Set the glassware assembly for the titration erpemi. Fill the burette with supplied

standard (0.1 N) hydrochloric acid. Take 10 mL miigt solution in a conical flask and
add 2-3 drops of phenolphthalein. Phenolphthaledficator gives pink colour in the

alkaline mixture solution. Perform titration by memental addition of hydrochloric acid
from burette in to the conical flask very carefuland stop when the colour of
phenolphthalein disappears. At this moment sodiyadrdxide is neutralized completely
and sodium carbonate is converted to sodium biceteo Now add few drops of methyl
orange indicator to the same conical flask. Theitgmi turns yellow in colour. Again

perform titration by adding hydrochloric acid frdoarette. At equivalence point a sharp
colour change from yellowish orange to red is obser At this moment all of the sodium
bicarbonate neutralizes as presented in equatipnRepeat the experiment three times

and tabulate your results in observation table. 1

3.3.4 Observation table:

Table 1 Titration of mixture of NaOH and p&O; against acid
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£ _ | Burette reading for titration
L~ Burette reading for titration ) ]
2 E _ _ continued  with  methy
s, | X2 = with phenolphthalein (mL)
E % orange (mL) (V1-V>)
N. °c 8
2 5 [T [ TVolume
s 2 Initial | Final | Volume (M) | Initial | Final
S S (V2)
> O
1 10 mL
2 10 mL
3 10 mL

3.3.5 Calculations:

For calculations reactions (i), (i) and (iii) cdre interpreted as if the volume of acid
consumed for titration in presence of phenolphihateutralizes all the sodium hydroxide
and half of the sodium carbonate while the titratin presence of methyl orange

neutralizes remaining amount of sodium carbonaterdfore,
NHci¥2V2 = Nsod.carbonate 10
Nsod.carbonate NHc1x2V2/10
Strength of sod. carbonate =d¥camonatx €quivalent weight (g/L)
Strength of sod. carbonate =d¥carvonax 53 (g/L)-------- {iv)
On the other hand,
Nuci X (V1= V2) = Nnaon % 10
Maor = Nucr x (V1- V2)/10
Strength of NaOH = NyonX equivalent weight (g/L)

Strength of NaOH = Nionx 40 (g/L)-------- {v)

Strength of sodium hydroxide and sodium bicarbor@tesent in the mixture can be

calculated using equation (iv) and (v).

3.3.6 Results:
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Supplied mixture solution contains g/L sodibydroxide and g/L sodium

bicarbonate.

3.3.7 Precautions:

1. Burette and other glassware must be cleaneddaied before performing

experiment.
2. Lower meniscus should be read for taking obsenms.
3. Acid should be added carefully and dropwiseithe conical flask.

4. Least count of common laboratory burettes isn@L1 hence all readings should

be recorded up to first place of decimal in obsgowvatable.

3.4 DETERMINATION OF THE STRENGTH OF GIVEN
FAROUS AMMONIUM SOLUTION SOLUTION BY
PERMANGANATOMETRY

3.4.1 Chemicals and equipments required:

FAS solution, standard ferrous ammonium sulfateiteml, KMnO4 solution, sulphuric

acid, distilled water, beakers, water bath, glass digital balance, burette and pipette etc.

3.4.2 Theory:

In this experiment you will use an oxidation-redoct(redox) reaction to determine the

percentage of iron in a given FAS solution. Thipemxment consists of three parts.
1. Preparation of standard FAS solution.

2. Standardization of KMn@ solution by titrating it against standard ferrous

ammonium sulfate (FAS) solution
3. Titration of unknown FAS solution against standdMnO, solution

The KMnQ; solution in presence of 880, converts the Fé to F€" as per the

following reaction:-
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2KMNO4 + 3H,S03—— K,S0; + MnSO, + 3H,0 +50

10[FeSQ.(NH;)2.50s-6 H0] +50 +5HpS0; > 5Fex(SONs 10(NH,),S0; + 65H,0

FAS or

2
2MNnG; +16H® +1062 — > 2Mn &+ 8H,0
—  » Redoxreaction

®

2,
10Fe " "—» 1U:(§®+ 102 _

2 2 3
2Mnd7 +16H® + 10Fe®__ 5 2Mn @+ 10Fe” + 8H0 ——» Redox reaction (j)
T OxidationA T

Reduction

The reaction is carried out at room temperaturerafeating FeSgpresent is FAS gets

oxidised to FgSOy)3 by air or elevated temperature.
3.4.3 Procedure:

() Preparation of standard ferrous ammonium sulphate slution.

FAS is a primary standard chemical its standardtgnsl can easely be prepared in present
experiment this solution will be used to standa&$1nO, solution. To prepare standard
FAS solution prepares N/10 solution in 100 or 250 wolumetric flask as per your
convenience. To prepare N/10 FAS solution in 10@%0 mL weigh desired weight of

FAS by using following equation:

w— ENV
1000
w = weight needed, E = equivalent weight, N = nditya@V= desired volume

The equivalent weight of FAS is 392.

Transfer the weight quantitiy of FAS to a volumefitask of 100 or 250 mL capacity and
add half test tube of dil. 330, in order to avoid hydrolysis of FAS. Shake thesllavell
till all the particls of FAS are dissolved. Add aitthal distilled water to make-up the
volume of 100 or 250mL which represent N/10 FASusoh.

(if) Standardization of KMnO 4 solution:
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Rinse a clean burette with distilled water followleyl supplied KMnQ solution. Mount
the burette on a stand and fill up to the zero maitk supplied KMnQ. Record the
burette reading in observation table. Pipette @ InL of standard Mohr’s salt solution
into a conical flask and add 10 mL dilute sulphw@d. Titrate the two solutions until a
permanent light pink colour is obtained which irad&s the endpoint of the titration.
Record the final burette reading in observatiorietaBRepeat the titrations to get at least
two concordant readings and record all readingsbiservation table 2 (do not heat the

titration mixture during the process of titration).
(iif) Determination of the strength of unknown FASsolution:

Refill the burette with same standardized KMrsdlution and take 10mL unknown FAS
solution in conical flask and follow the same prbae as above in step (ii). Repeat the

titrations to get two concordant readings. Recdirceadings in the observation table 3.

3.4.4 Observations and calculations:

Table: 2 Standard FAS solution vs potassium permaatg solution

S.N. Volume of standard FAS takeBurette readings Volume of KMngC
in the conical flask (mL) inital | Einal used (mL)

1 10.0

2 10.0

3 10.0

Table:3 Titration of unknown FAS solution vs stasierdised KMnQ

S.N. Volume of FAS solution takgrBurette readings Volume of KMngC
in the conical flask (mL) initial | Einal used, (mL)

1 10.0

2 10.0

3 10.0
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3.4.5 Calculations

Standardisation of KMn®

N1x V1 = Nox V4

NFASXVEas

KMnO,4= FAS Nkmno, =
VKMnO,

Normality of unknown FAS solution

FAS = KMnQy

Nix V1= Nox V1

N
KMnO,4 X V,
FAS 4 KMnO,4

FAS

Strength of unknown FAS solution =gh x equivalent weight

NFag X 392 = —---mmmmmme - g/L
3.4.6 Result:
The strength of given FAS solution iS------------——---- g/L

3.4.7 Precautions:

1. Use clean and dry glassware for titration.

2. Take KMnQ solution in burette. Since KMnQs dark violet coloured solution, read

upper meniscus.

3. Add sufficient sulphuric acid in conical flaskfbre titration.
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3.5 DETERMINATION OF THE STRENGTH OF GIVEN
FERROUS AMMONIUM SULPHATE SOLUTION BY
CHROMATOMETRY

3.5.1 Chemicals and equipments required:

FAS solution, standard ferrous ammonium sulfateutsm, K,Cr,O; solution, 1%
solution of diphenylamine indicator, sulphuric a¢ldM), phosphoric acid (85%) distilled
water, beakers, glass rod, digital balance, buegttepipette etc.

3.5.2 Theory:

In this experiment you will use redox reaction bedw ferrous and dichromate ions to
determine the strength of given FAS solution. Experiment consists of three parts. First
being preparation of standard FAS solution. Secstahdardization of ¥Cr,O; solution
by titrating it against standard ferrous ammoniurtfase (FAS) solution in presence of
diphenyl amine indicator and the third part of expent involves titration of unknown
FAS solution against standardized(f,O; solution in presence of diphenyl amine
indicator. Diphenyl amine, a colourless compoundtsrbenzenoid form gets oxidized to
bluish-violet coloured quinonoid form in the preserof strong oxidizing agent,,Kr,0O;.
However, F&" are more susceptible towards oxidizing agent thatindicator. Hence, as
long as F&are present in titration flask, the solution rersatmlourless. As soon as the
Fe’* are completely consumed/converted t6"FK,Cr,O; reacts with indicator diphenyl

amine producing blue-violet colour marking the @aéht of the reaction.
KoCr07+ 4H,SOp —» KoSOy + Cra(SOy)z+ 4H,0 + 30

6[FeSQL(NH)2.S04.6 HO] +30 + 3H:50; 5 3Fey(SOy)s + 6(NHg)sSOs + 39H,0

FAS or

2 3
Croo 144® + 6@ —» 2Cr®+ 7H,0
— » Redox reaction

2
6Fe®__ 5  BFD 6 ]

3

® 3
® , 2Cr”+ 6Fe + 7H,O0 — » Redox reaction (i)
Oxidation } T

2 2
ch07(9 +14H® +  6Fe

Reduction
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Reaction of KCr,O; with diphenylamine

H H H
OO 2 OO i
— " » N N +2H +2¢€

Diphenylamine . o
Diphenylbenzidine (colourless)

[

Diphenylbenzidine (violet)

3.5.3 Procedure:

(i) Preparation of standard ferrous ammonium sulphate slution.

Transfer a known weight of Mohar’s salt (sayl.0gja a 100 mL volumetric flask. Add a
test tube of dil.KHISO, solution to the volumetric flask to prevent hygsis of the F&

ions. Dissolve Mohar’s salt in distilled water amdke up the volume up to the mark with
additional distilled water. Make the solution horangous; invert the flsk, six to ten times,

to mix thoroughly.

(i) Standardization of K,Cr,O- solution: Rinse a clean burette with distilled water
followed by supplied KCr,O; solution. Mount the burette on a stand and filkoiphe zero
mark with supplied KCr,O;. Record the burette reading in observation tabigette out
10.0 mL of standard Mohr’'s salt solution into a icah flask and add 10 mL dilute
sulphuric acid and half test tube syrupy phosphacid (or one test tube of 1:1 mixture of
dil. H,SO, — phosphoric acid). Now add 2-3 drops of indicatod titrate until the blue
violet colour is obtained which indicates the erndp®f the titration. Record the final
burette reading in observation table. Repeat tinatiobns to get at least two concordant

readings and record all readings in observatiole1ab

(i) Determination of the Molarity of unknown FAS solution: Refill the burette

with same standardized®r.O; solution and take unknown FAS solution in conftadk.
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Repeat the titrations by following above methodyéd two concordant readings. Record
all readings in the observation table. 2

3.5.4 Observations and calculations:

a. Preparation of standard FAS solution

Mass of FAS transferred intt00  mL of voluneflask

molar mass v (in cny

= M x 21000 _ 1 o) dnr®
39215 100cnt

: . . mass
Molarity of ferrous ammonium sulphate solution,jM: |: x 1000 ):| mol dm

= e, mol dnr>
Table 1: Standardisation of ,Rr,O; solution
S.N. Volume of standard FAS takeBurette readings Volume of K0y
in the conical flask (mL) Y inital | Einal used (mL) 4
1 10.0
2 10.0
3 10.0
b) Standardization of K,Cr,0O solution.
Molarity of standard Mohar's salt (FAS solution) =M
=......mol dni

Volume of standard Mohar's salt (FAS solution )epied =\ =10-0 cm

Volume of K,Cr,0; solution used (table ) VFE= o, cm
Molarity of K,Cr,0O7 = M=7? Table 2:
Unknown FAS solution ystandard
K>CrOy

solution

Using molarity equation, W;=6 MV,
MVy _

Molarity of dichromate solution, M= 6V,
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S.No. Volume of givin FAS solutionBurette readings Volume of K07
taken in the conical flask, (mL’Initial Einal used, (mL) ¢
V4
1 10.0
2 10.0
3 10.0
a. Molarity and strength of unknown FAS solution
Molarity of K,Cr,0O; =M M, = .....mol diit
Volume of K,Cr,O; solution used ( table ) SVE e, crh

Volume of given Mohar's salt(FAS solution) pipetted /410-0 cm

Molarity of given Mohar's salt (FAS solution) = M?

Using molarity equation, MW,;=6M3V3
6M3V3
Vy

Molarity of dichromate solution, M=

Strength of given Mohar's salt( FAS solution ) = Molarity x molass

3.5.5 Result:
The strength of given Mohar’s salt (FAS solution) i g/ din
3.5.6 Precautions:

1. Use clean and dry glassware for titration.

2. Take KCr,O; solution in burette and handle carefully as it asrrosive and
carcinogenic and also cxause chromium dermatiis.dtandle phosphoric acid

carefully it cause severe irritation and burnsh® @rea of contact
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3. Handle diphenylamine carefully as it has bessalved in con. 180,

3. The endpoint of this experiment involves grelents blue-violet colour change which

requires special care for identification.

4. Add sufficient sulphuric acid in conical flaskfbre titration.

3.6 DETERMINATION OF THE PERCENTAGE OF
AVAILABLE CHLORINE IN GIVEN GIVEN WATER
SAMPLE CONTAINING BLEACHING POWDER

3.6.1 Chemicals and equipments required:
Hypo solution, copper sulphate solution, starchicambr, bleaching powder, distilled

water, flasks, glass rod, bath, beaker, burrepstfs etc.

3.6.2 Theory:

Chlorine sets free from bleaching powder afterrd@etion with mineral acids is known as
available chlorine. Bleaching powder is added tonitipal water used for drinking

purpose in order ti disinfecting the water from tieaia. Available chlorine repture the cell
wall of bacteria by oxidation. In this experimentadable chlorine is determined
iodometrically in which iodine is first liberatedom Kl in presence of oxidising agent
then the liberated iodine is titrated against séadided hypo solution as per the following

chemical reactions:-

Ca(OCl)+ 2 HCl———= CaCh + H,O + Cb
Available chlorine

Cly+ 2 KI ——» 2KCIl+ |

Iy +2 NQSzo:g —>2Na28406 + Nal

Hence 2NayS,0,=—= |, = Cl»
Na,S;0, = %1, = ici,
Since eqivalent weight of b&,0, = M.W.; equivalent wt. of iodine AT.wtna

equivalent weight of chlorine=  At. wt
Thereforelr gm. equiovalent of hype— 1 gnguévalent of chlorine
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3.6.3 Procedure:

(i) Preparation of solution of bleaching powder

Weigh about 5g of bleaching powder. Transfer itatporcelain dish, make paste and
transfer without loss it to 500 mL measuring flabkake up the volume with distilled

water. Shake well. A turdid solution of bleachisgn this way obtained.
(i) Preparation of primary standard (CuSQ,) solution

In order to standardise hypo solution becausesafetondary ature prepare N/20 CySO
Solution in 100 mL of volumetric flask. To prparé2Q solution for 100mL weigh 1.25 g
of CuSQ.5H,0 as per the equation ‘A’ and transfer it to 100 wolumetric flask with the
help of flask.Add half test tube of GEOOH in order to check the hydrolysis of the salt,
dissolve the particles by proper shaking and finaltid distilled water to make uo the

volume of 100 mL

Where w = weight, E = equivalent weight, V = dedivolume i.e100 mL @00 mL
(iif) Standardization of hypo solution

Rinse the the cleane burrete with hypo solutionféhitl with same solution not the initial

reading. Pipette out 10 mL of Cug€&blution in a conical flask add about half t.t acet
acid and about 2 mL of KI solutioMix the reaction mixture well, cover the mouth of
conical flask and and allow the mixture to stand3& min in dark.The solution becomes
brown in colour due to liberated iodine.Titrate tixerated iodine against hypo solution
taken in burrete till the colour of reaction mieuurns faint yellow colour. At this stage
add 2 mL of starch solution. This immediately forameep blue iodo- starch complex.

Add firther hypo solution drop by drop till the lelicolour just disappears and does not

return 2CuSQ, +4KI —’Wﬁi?emp;t? KeSOs + b \ithin 10 seconds Note the
final reading and and repeat the titration untib teoncordant readings
are 2NaS05 + 13— N3;5405 + 2Nal obtained. Record the observations
in table 1 The sod. tetrathionate

. 0O = I, =Na,S,0
during the 2CuSQ. 5 H 2 25203

following reactions takes place

course of titration:-
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(iv) Titration of unknown sample against standardizd hypo solution

Same procedure as for step (iii) is followed. Taki&known water sample in place of
CuSQ solution in a conical flask. Record the observaion table 2. The reaction in

titration flask takes place as under:-

Clb+2 KI ——— 2KCI+ b
Available chlorine

I, + starch solution——— iodo starch complex
(blue colour)

iodo starch complex 2 Na,S,05 — > 2NaS,0 Nal + starch solution
(blue colour) e Blue colour diappear

Hence 2N&S,0,=— |, = Cl, (end point)

NaS,0,= 31, = icl,

3.6.4 Observations

Table 1. Data for standardization of hypo solution

S.N. Volume of CuSQ| Burette Reading (mL) Volume of MN&O;,

solution, (mL) used up (mL)

Initial Final
1 10.0
2 10.0
3 10.0

Table 2. Data for titration of unknown water samatginst standard hypo solution

S.N. Volume of water sampleBurette Reading (mL) Volume of N&Os;
taken (mL) initial Einal solution, (mL)

1 10.0

2 10.0

3 10.0
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3.6.5 Calculations

A standardization of hyposolution

N1V1=NaV>
CuSQ, = hypo.
- Y _
Nhypo = NCuSQ CuSQ, - sSayxN

100
B Determination of percentage of available chloimgiven water sample

Say w = weight of bleaching powder dissolved@p mL distilled water
V = volume of standardized (xN) hypo solution ugéthl0 mL of bleaching powder solution(water sa@p
x = Normality of hypo solution

Now 1 g equivalent of available chlorine §C+ 1 g equivalent of hypo solution
i.e Vol. x Normality of C} = Vol. x Normality of hypo.solution

Therefore normality of Gl= »Since equivalent weight of chlorine3$-46

; L . ) V. 3546 . X
Strength of available chlorine in g/L = Normalitiy@l, x Equivalent wt. :T
, o , . V.3546 . N
Or amount of available chlorine in mL oépared bleaching powder solutlon—=2XT 9
Percentage of available chlorine in bleaching pavide. in100 g)
V.3546 . N - 100
2X10X w
3.6.6 Result:
The strength and percentage of available chlormued was ------- g/L and ....... %

respectively
3.6.7 Precautions:
1. All glassware must be cleaned and dried befertopming experiment.
2. Standard solutions should be prepared with mdreare.
3. Sufficient amount of Kl solution should be added

5. Starch solution should be added just beforeetig point (when the solution

turns light yellow).
6. Use starch solution does not use its powder ftiractly.

7. Prepare starch solution in warm water

UTTARAKHAND OPEN UNIVERSITY Page 60



LABORATORY COURSES -l BSCCH -204

3.7 DETERMINATION OF TOTAL, PERMANANT AND
TEMPORARY HARDNESS OF WATER BY
COMPLEXOMETRY

3.7.1 Introduction:

Water containing high amounts of dissolved mineralsalled hard water. Hardness of
water is generally due to the presence of bicarteomdloride and sulfate salts of calcium
and magnesium ions. Presence of these cations ftar vegnificantly decreases the
cleaning action of soaps. Water hardness is of types, temporary and permanent.
Temporary hardness is due to the presence of lnatb salts of calcium and magnesium.
It can be removed by boiling. On the other handmament hardness is due to the
presence of chloride and sulfate salts of calciumd enagnesium, which can not be

removed by boiling.
3.7.2 Chemicals and equipments required

Water samples, standard JE®DTA solution, standard hard water (SHW), ammonitidy
solution (pH 10+1), Eriochrome black- T(EBT sodit)sedicator, burette, pipette, conical

flask etc.

3.7.3 Theory

Water hardness is, in general, expressed as theuneeaf total concentration (ppm) of
calcium and magnesium ions expressed as calciurnorate. It is determined by
performing complexometric titration using a stamdarsodium salt of

ethylenediaminetetraacetic acid @N®TA) solution. Eriochrome black T indicator,
which is an azo dye is used as indicator to detegrttie endpoint of this complexometric

titration.

Figure 3. Molecular structure of EBT indicator aN&EDTA
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Eriochrome black T forms a wine red coloured weakplex with calcium ions present in
hard water. During the course of titration,,BBTA solution is added to the hard water.
NaEDTA abstracts all the calcium ions from wine redoared complex. That means at
end point of this titration calcium-indicator coraplbreaks down completely and all the
calcium ions form chelate with MADTA and solution turns blue in colous¢heme )L
The blue colour is due to the presence of Erioclerbiack T in ammonia buffer solution.

Hard water NH4OH+ NH,CI 2, 2F

2+ 2, + EBT (Sod. salt) » | EBT-»Ca/ Mg
Ca/ Mg Buffer pH10 +1 COMPLEX

Colourless Blue colour Wine red colour

Titrate with Standard N&EDTA
Solution (in burrete)

2 2%
EBT (Sod. salt) |I\la2EDTA—> Ca/ M:|
COMPLEX

Blue colour (end point) Colourless

Scheme 1 Reaction of hard water with EBT angERG A solution during titration

(I) Preparation of Na,EDTA Solution: 0.01N aqueous solution of BEDTA is
prepared by in distilled water and making the vatuap to one liter (This solution can be

standardized by titration against standard solutfomagnesium sulfate).

(I) Preparation of ammonia buffer (pH = 10£1): Weigh 17 gm of NHCI and
dissolve in 142.5 m1 of concentrated agueous amamswlution and subsequently dilute

to 250 mL with distilled water.

(Il) Preparation of standard hard water (SHW): Prepare 1000 ppm standard hard

water as follow:-

Weigh 0.1g CaC@and transfer it in 100 mL (1.0mg/L = 1.0ppm) vokinc flask add
about half test tuble of HCI to dissolve Ca@nd make up the volume dy adding

+
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distilled water up to the mark of 100 mL. Ca£i® insoluble hence is first converted to
water soluble CaGby treating it with HCI

3.7.4 Procedure:

Rinse and fill the burette with 0.01N MEDTA solution. Pipette out 10 mL of SHW in
aconical flask, add 2mL of buffer solution abd ttloee drops of EBT indicator. Wine red
colour is obtained. Titrate the reaction mixturéhvNgEDTA solution taken in burette till
blue colour appears at the end point.Note the ngadi burette and repeat the same
process till three concordant readings are obtafdegd Similarly follow the same process
for unknown hard water. The volume of JE®TA solution used corresponds total

hardness (Y. Tabulate your results in observation table.

For permanent hardness, take 250 mL of hard water 500mL beaker and boil till it
reduces half. Filter the solution in 250mL flasldeadd distilled water to make the final
volume of 250mL. Titrate 10 mL of this solution mgibuffer and EBT as indicator. The
volume of NaEDTA solution used in this step corresponds permiamedness (V).

Tabulate your results in observation table.
3.7.5 Observations:

() Reading with SHW

S.N. | Vol. of SHW taken Reading of burette | Vol oNaEDTA solution usec
(mL) up(mL)

1. 10.0 Initial Final Rough reading

2. 10.0 - - \

3. 10.0 - - \

4. 10.0 - - \

V1= concordant reading

(i) Reading with unknown hard water

S.N. | Vol. of unknown hardReading of burette | Vol oNaEDTA solution used

water taken (mL) up(mL)

UTTARAKHAND OPEN UNIVERSITY Page 63



LABORATORY COURSES -l

BSCCH -204

1. 10.0 Initial Final Rough reading
2. 10.0 - - \
3. 10.0 - - \
4. 10.0 - - b

V2= concordant reading

(i) Reading after boiling the solution (Permanenthardness)

S.N. | Vol. of boiled hard Reading of burette | Vol oN&EDTA solution used
water taken (mL) up(mL)

1. 10.0 Initial Final Rough reading

2. 10.0 - - 4

3. 10.0 - - \"

4. 10.0 - - \é

V2= concordant reading

3.7.6 Calculations:

The hardness of the water sample is calculatedaits pf CaC@ per million of water

(ppm).

() 1 mL of SHW =1 mg CaCQ

V1 mL N&EDTA =10 mL SHW solution

=10 mg CaC®

1 mL Ng&EDTA = 10/Vimg CaCQ

(ii) Total hardness

10 mL unknown hard water =L NaEDTA solution

3Xx10/V; mg CaCQ

1mL unknown solution =¥V;x10/10 mg CaC®

1000 mL unknown solution =)V;x1000 mg CaC®
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Total hardness 3/V;x1000 mg CaC@
= V,/V1x1000 ppm

(iii) Permanent hardness
10 mL boiled hard water =yhL NaEDTA solution
Permanent hardness 7W1x1000 ppm
(iv) Temporary hardness
Total hardness — Permanent hardness
3.7.8 Results:

(i) Total hardness of given water sampleis ___pmp

(i) Permanent hardness of water sampleis___ ppm

(iif) Temporary hardness of water sample is ppm

3.7.9 Precautions:

1. Burette and other glassware must be cleaneddsied before performing

experiment.
2. Lower meniscus should be read for taking obsems.
3. Standard solutions should be prepared with mdreare.

4. Least count of common laboratory burettes isn@l.1 hence readings should be

recorded up to first place of decimal.

3.8 SUMMARY

First experiment reveals the titration of hydroayld carbonate ions by titFrating
the mixture solution against HCI. This experimenteg us an idea about alkalinity of
water and its types.basically hydroxyl and carberadkalinity. Experiment two and three
rducate us how amount of iron in its ore and complocan be determined volumetrically
basically through permagnatometry and chromatométeglox titrations). Bleaching
powder is generally used in municipal drinking wdta disinfection it liberates chlorine
in water known as available chlorine, which kile tbacteria by oxidising their cells. This

experiment has thus been incorporated to get aafaoet how water is disinfected by
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bleaching powder. This experiment educate us hos amount and percentage of
available chlorine is determined by volumetiric hwets generally iodometrically? The
last experiment (fifth) is about the determinatafrvarious types of hardnesses in water,
the one of the most important water quality par@mér health and industrial point of

view.

3.9 TERMINAL QUESTION

Short Answer type questions
Q.1 Discuss the procedure of titrations, in general.
Q.2 What are endpoint and equivalence point?
Q. 3What is an indicator?
Q.4 What is equivalent weight of sodium carbonate?

Q.5 How doespH of the solution changes for titration of NaOH R&; mixture

solution with hydrochloric acid in presence of pbiphthalein and methyl orange?

Q.6 Justify your choice of phenolphthalein and metbsdnge indicators for the
titration of NaOH-NaCO; mixture solution with hydrochloric acid.

Q.7 Why preparation of standard solutions must be datieextreme care?
Q.8 How do you identify the endpoint of titration oAB solution with KMnQ?
Q.9 Why cleaning effectiveness of soap decreasesrthwiater.

Q.10 What are features of a good indicator used forvikaal detection of end

points in the experiment, determination of hardrafssater?
Q.11 What is available chlorine?
Q.12 What indicator you have used in iodometric tiva#

Q.13.While bleaching powder is added to water?

3.10 ANSWERS

A.1 Titration is chemical analysis by which the qugntif some constituent of a sample is
determined by reacting exactly known quantitiessafmple and a titrant. The process

usually involves gradual addition of a standardigoh of titrant, from a glass burette to
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an Erlenmeyer flask (a conical flask with narrowckjecontaining analyte solution and
internal indicator, if required. The addition ofréint is stopped when the endpoint is

reached as indicated by colour change of contdriEslenmeyer flask.

A.2 At the equivalence point of a titration, an exa@tyivalent amount of titrant has been
added to the sample. The experimental point at lwthie completion of the reaction is

marked by some signal is called the end point.

A.3 Indicator is a substance that changes colour jporese to a chemical change. Colour
change of indicator suggests that endpoint of tiitna has arrived. Endpoint is an
approximation of equivalence point. Acid-base iatlics such as phenolphthalein and
methyl orange; redox indicators such as iodine diptienyl amine and complexometric

indictors such as EBT are commonly used in laboyato

A.4 Sodium carbonate is a diacidic alkali, hence gsiealent weight is half of its

molecular weighti.e., 106/2 = 53 g/mol.

A.5 First part of titration involves neutralization NROH and conversion of MNaGO; in to
NaHCG;. pH of the solution at this stage is just below.8Since the pH range of
phenolphthalein is 10 to 8.3, hence disappearahcelour of phenolphthalein indicates
that the neutralization of NaOH and conversion @@0; in to NaHCQ is completed.
Further titration in presence of indicator methsdrmge involves neutralization of sodium
bicarbonate to result in acidic solution with pHueaclose to 4. This is well within the

range (3.1-4.4) of methyl orange indicator.

A.6 First part of titration involves neutralization BROH and conversion of MaO; in to
NaHCG;. pH of the solution at this stage is just below. 8Since the pH range of
phenolphthalein is 10 to 8.3, hence disappearahcelour of phenolphthalein indicates
that the neutralization of NaOH and conversion a$@0; in to NaHCQ is completed.
Further titration in presence of indicator methsdrmmge involves neutralization of sodium
bicarbonate to result in acidic solution with pHueaclose to 4. This is well within the

range (3.1-4.4) of methyl orange indicator.

A.7 Any mistake (such as incorrect weight or volumehel during the preparation of
standard solutions, causes deviation from standatees. Such mistakes carry through the

entire experiment and significantly affect the aacy of the results.
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A.8 Potassium permanganate is purple in aqueous @o]wihereas the final products of
the reaction between ferrous ion and KMnO4 are wtdss. Hence the completion of
reaction is indicated by the appearance of slighi polour in the conical flask containing

sample being titrated.

A.9 Because soap precipitates as insoluble saltsl@ficaand magnesium ions present in
hard water. Hence, presence of bivalent cationsater decreases the cleaning action of

soaps.

A.10 The color change on completion of metal ions diwigprocess must be sharp. The
indicator must be sensitive towards minute amowftsetal ion. The metal-indicator
complex must be less stable than the metal-EDTAptexrto ensure that all metal ions

are bound to EDTA when end point of the titratieaches.

A.11 The chlorine liberated from bleaching powder whessalved in water is known as

available chlorine
A.12. Starch

A.13 Bleaching powder is added to water as disinfectant
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UNIT 4: INORGANIC PREPARATION
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4.6.4 Chemical reaction involved

4.6.5 Result

4.6.6 Precautions

4.6.7 Self- assessment questions (SAQ)
4.7 Summary

4.8 Glossary

4.9 Possible answer to SAQ

4.10 References

4.11 Terminal questions

4.1 INTRODUCTION

As we know that inorganic chemistry is a branctcloémistry that deals with the
properties and behavior of inorganic compoundsoriher to understand the unit more
clearly, one have to understand the concept ofgamic compounds. Inorganic
compounds are those compounds which are obtaired fron-living things either by
natural process or by preparing them in laborasoriEhese compounds comprises of

double salts and coordination compounds.

In the present unit we deal with the methods @&ppration of these inorganic
compounds in the laboratories which is quite irgeng. We will discuss the preparation
of potash alum, tetraamminecopper (Il) sulphate ohgdrate and potassium

trioxalatoferrate (lIl) trinydrate.

To understand the unit more clearly we must hayenewledge of inorganic
compounds which includes the way of preparing tleesepounds, different conditions for
the formation of a particular inorganic compounds ¢he yield of inorganic compounds

prepared.

4.2 OBJECTIVES

After going through the unit thoroughly we will béle to:

* Define inorganic compounds.
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 Explain coordination compounds.

» Explain double salts.

* Prepare potash alum, tetraamminecopper (II) sudphretnohydrate and potassium
trioxalatoferrate (ll1) trinydrate.

» Know the apparatus required for the formation esthinorganic compounds.

» Know the precautions that must be taken into caraitbn during the preparation

of inorganic compounds.

4.3 INORGANIC COMPOUNDS

As discussed above those inorganic compounds stensif double salts and
coordination compounds. It is important to havewealge of these inorganic compounds
before going to perform their preparation. Let tegtswith double salts. Double salts are
the compounds that contain more than one catiormrmon. These are obtained by
combination of two different salts. These two diffiet salt crystallize together and form a
single substance. It is important to note that wiese double slats are dissolved in water,
there is ionization of two different salts. The ewdes of double salts are ferrous
ammonium sulphate, potash alum. Ferrous ammonidph&ie also known as FAS or
Mohr's salt is a double salt of ferrous sulphateSG, and ammonium sulphate,
(NH4)2SO,. Mohr's salt is FeSE (NH,).SO,. 6H,O. There are two different cations in
Mohr's salt, F&" and NH*. It is light green in color. Potash alum on theesthand is a
double salt of potassium sulphate;SKO, and aluminum sulphate, A8Qy)3 having a
chemical composition $50,. Alx(SOQy)s. 24H,0.vernacularly, potash alum is known as

fitkari which is used in the purification of watdis contains two cations, Kand AF".

Now coming to coordination compounds. These comgsiare formed by almost
all transition metals. In these compounds a coatditond is formed between metal and
ligands. The ligands must have lone pair of elextrand may be neutral or negatively
charged. The ligands donate electrons to metal atmhmetal atom accept these electrons
to form a type of covalent bond known as coordinad@d. The numbers of ligands
surrounding the central metal atom constitute therdination number of a coordination
compounds. The brackets enclosing the coordinationpound is a coordination sphere.
For example: [Ni (CQJ, K3PdCl], tetraamminecopper (Il) sulphate monohydrate,
potassium trioxalatoferrate (1) trihydrate. Ini[{CO)4], the ligand is CO (carbonyl) each
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of which donate one electron pair to Ni (metal gtom K,[PdCl], potassium acts as
counter ion and the compound when ionizes to form dfd [PdCJ]z‘ ions.
Tetraamminecopper (Il) sulphate monohydrate andagsiim trioxalatoferrate (I11)

trinydrate are discussed later in the unit.

4.4 PREPARATION OF POTASH ALUM

As discussed in above section, potash alum is bld@alt of potassium sulphate; SO,
and aluminum sulphate, ABOy); having a chemical composition,8O,. Aly(SQy)s.
24H,0; here 24H0 is a water of crystallization. This water of dalBzation is defined as
a water which is present in a metal complex or saitdirectly bond to the metal in the

crystalline framework. It is also known as watehgération or crystallization water.
4.4.1 Chemicals required

The following chemicals required for the prepanatiof potash alum are potassium

sulphate, aluminum sulphate, sulphuric acigS&,).
4.4.2 Apparatus required

The apparatus required for the preparation of otdism are beaker, porcelain dish, and
burner. Beaker is like a wide cylinder providedhwit beak at the top. Porcelain dish is
glassware used in laboratory for evaporating tipeidis or solutions so that a concentrated

solution or a solid of the dissolved substance ofagin.
4.4.3 Procedure
Let us discuss the procedure involved during tleparation of potash alum:

» Weigh 2.5g of potassium sulphate and 10g of alumisulphate with the help of a
chemical balance or an electronic balance.

» Take 40ml of distilled water (water free from imi@s) into a clean beaker.

* Add above weighted amount of potassium sulphateadunsinum sulphateinto a
beaker containing 40ml distilled water. We will ebge that the solution turns
milky.

* In order to make clear solution, few drops of cariated sulphuric acid is added
into the beaker. After adding sulphuric acid itlgome milkiness exist, then the

solution is to be filtered using a filter paperr Ftiration, the filter paper is putted
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over the inner wall of the funnel and the funnekeépt over the tripod stand. Take
another beaker and put it below the funnel. Poer gblution over the funnel
having filter paper. The solution obtained in tleaker is filtrate and the substance
which remains on the filter paper is residue.

* Now take the filtrate into a porcelain dish and guover the tripod stand for
evaporating using the burner. Evaporate the fdttatreduce its volume to half.

* Now allow the filtrate to cool and stand withousttirbing for about 5 to 7 hours.
We will observe the transparent crystals of potaim. Dry the crystals by
pressing it in between the filter paper and wetgd amount of crystals prepared

for obtaining the yield. In this way we obtain firee crystals of potash alum.
4.4.4 Chemical reaction involved

As clear from the above section that potassiumhséy aluminum sulphate and water are

mixed during the preparation of potash alum. Tlaetien that takes place is as follows:

K2SOy + Alx(SQu)3 + 24H,0 — > K,S0,.Alx(SOy)3.24 HO
Crystals of potash alum

4.4.5 Result
The yield of potash alum prepared is.......... g
4.4.6 Precautions

» Use concentrated sulphuric acid carefully.

* Use burner with proper handling.

* Weighing should be done accurately in order to tmvexact yield.

* While drying with filter paper, use only one filtpaper in order to avoid the loss

of crystals.
4.4.7 Self- assessment questions (SAQ)

* Fillin the blanks:
1. The chemical composition of potash alum is........

2. Potash alum is used in............... of water.
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3. Potash alum ionizesinto ............... cation.

N

. In potash alum, there are 24 molecules of wafter.........

5. The chemical added to make clear solution duprgparation of potash alum

(o2}

. The square bracket in the coordination compougpiesents its ...............

True and False

1. The color of potash alum is orange.

N

. Potash alum consists of the combination of taltss

w

. Water of crystallization is also known as watEhydration.

4. Porcelain dish is used for evaporating the dqui

ol

. In beaker, beak is present at the bottom.

(o2}

. Electronic balance is used for measuring thghtesf the sample.

\I

. [Ni (CO)y] is coordination compound.

Short Answer Questions
1. Give the chemical reactions involved in the pragon of potash alum.

2. Give the name of chemicals that are requirednf®@preparation of potash alum.

4.5 PREPARATION OF TETRAAMMINE-COPPER (II)
SULPHTE MONOHYDRATE

As the name indicates tetraamminecopper (II) saatppimonohydrate, its chemical
formula is [Cu(NH)4] SO, H,O where Cu represents copper which is a transitietal,
NH; represents ammine which is a ligand,;$€presents counter ion and®represents
water of crystallization or hydration. As there dmur ammine ligand therefore the
coordination number is four and geometry is squéaear with dsp hybridization. It is a
deep blue colored coordination compound with odzfutrmmonia. The blue color is due
to the presence of an unpaired electron in the t@mie. Cd". Let us discuss the method

for the preparation of tetraamminecopper (II) salghmonohydrate.

4.5.1 Chemicals required
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The chemicals required for the preparation of #atmainecopper (II) sulphate
monohydrate are copper sulphate (CuS&MH,0), ammonia solution taken in a form of
concentrated NFOH and ethanol (§4sOH). Copper sulphate which is also known as blue
vitriol is a blue crystalline odourless solid. O#usolution as we know contain more
solvent (generally water) than the solute while tomcentrated solution contain more

solute than the solvent.
4.5.2 Apparatus required

The apparatus required for the preparation of aetrainecopper (Il) sulphate
monohydrate are beaker, glass rod, dropper, waka$s,gBuchner funnel, measuring
cylinder. Watch glass is a plate like made up afgl Buchner funnel which is made up of
porcelain or glass is a type of funnel used forddjtration. Measuring cylinder is used

for the required measurement of the solution agw@d.
4.5.3 Procedure

Let us discuss the procedure involved in the pigpmar of tetraamminecopper (II)

sulphate monohydrate:

* Weigh 2.5¢ of finely powdered copper sulphate wlitd help of electronic balance
or chemical balance.

» Transfer above weighted amount of copper sulph@tea beaker. Now add very
small amount of water approximately 10ml in it.

* Measure 5ml of ammonia solution (MBH) with the help of measuring cylinder
and transfer it into a beaker drop by drop withstant stirring using glass rod. On
adding ammonia solution, the formation of blue [pitate takes place initially
which is due to copper sulphate. The further additbf ammonia dissolves the
blue precipitate thereby giving a deep blue colotutson having odour of
ammonia.

* Now measure 20ml of ethanol with the help of meiagucylinder and transfer it
drop by drop to a beaker containing deep blue m@artion with constant stirring.

» After adding ethanol, allow the solution to staod flour to five hours by covering
it with the help of watch glass so that the crystaf tetraamminecopper (I1)
sulphate monohydrate may form. Covering is doneriter to avoid the release of

ammonia.
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» After 4 to 5 hours, crystals thus formed are fdtbusing a Buchner funnel and are
washed with ethanol. Dry the crystals by usingefilpaper and the amount of
crystals formed is measured. In this way deep bbgor crystals of

tetraamminecopper (I1) sulphate monohydrate araionéd.
4.5.4 Chemical reaction involved

As discussed above, when concentrated ammoniaisolis added into a beaker
containing copper sulphate, there is a formatiodedp blue color precipitate which get
dissolve on further addition of ammonia solutiohisIblue color is due to the presence of

[Cu (NH3)4]2+ ion which can be explained by the given chemieattion:

Initially:

2CU#* (aq) + S@*(aq) + 2NH (aq) + 2HO —»Cu (OH). CusQ (s) + 2NH' (ad)

Blue color precipitate

On further addition of ammonia:

Cu (OH). CuSQ (s) + 8NH (aq) 2[Cu (NEJa)*'(aq) + 20H (ag) + SG™ (aq)
Blue color solution

4.5.5 Result

The yield of tetraamminecopper (II) sulphate morrhte prepared s ............... g.

4.5.6 Precautions

Several precautions are to be taken during therewpat.

* Avoid the use of several filter papers for dryirggiteaffects the yield.
» Stir the solution properly while adding ammoniausioin.
* Ammonia solution should be added dropwise.

* Weighing of the crystals should be done carefully.
4.5.7 Self- assessment questions (SAQ)

e Fill in the blanks:

1. The blue color of tetraamminecopper (II) sulghatnohydrate crystal is due to the
presence of...............

UTTARAKHAND OPEN UNIVERSITY Page 76



LABORATORY COURSES -l BSCCH -204

2. The geometry of [Cu (Ngl] SOs. HO is...............
3. The number of unpaired electrons irfQs...............
4. Buchner funnel is used for...............

5. CuSQ. 5H,0 is also known as............... vitriol.

True and False

-

. In Cu (I), the oxidation state of copper is +2.
2. In tetraamminecopper (I1) sulphate monohydrere are four ligands.
3. The sulphate group in tetraamminecopper (liplsate monohydrate is a ligand.

4.The crystals of tetraamminecopper (II) sulphateonamydrate possess
sphybridization.

5. The electronic configuration of Cu(ll) is %3d.

6. During the preparation of tetraamminecopper $lijphate monohydrate, watch

glass is used for covering the beaker.
» Short Answer Questions

1. Discuss the chemicals reactions involved ingheparation of tetraamminecopper

(I) sulphate monohydrate crystals.

2. Discuss the precautions involved in the prepamatof the crystals of

tetraamminecopper (II) sulphate monohydrate.

4.6 PREPARATION OF POTASSIUM TRIOXALATOFERRATE
(Il TRIHYDRATE

As the name indicates potassium trioxalatofer(iifetrinydrate, it is clear that the
crystals contain potassium (K), trioxalato, ferrated trinydrate or three molecules of
water of crystallization. Its composition isg[ke(GOg4)3]. 3H,O. We all known about
oxalic acid, its chemical composition is@H,. As it is an acid, it can donate proton’ JH
It has a capacity to donate two protons therefois diprotic and form €,“which is
oxalate.This crystal contains three oxalate groeptrioxalate. An oxalate is a bidentate
ligand as two oxygen donates electron pair to atmm. Here the central metal atom that

is iron is present in +3 oxidation state and patmsgK") is a counter ion. The crystals of
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potassium trioxalatoferrate (1) trinydrate possestahedral structure with coordination
number six. This shows that central metal atomHeeis coordinated to six oxygen atom.
The crystals are fluorescent green in color. lnutsoh the crystals dissociates to form [Fe
(C:04)3]* (ferrioxalate anion) and 3K Let us now consider the preparation of potassium

trioxalatoferrate (lll) trinydrate crystals.
4.6.1 Chemicals required

Following chemicals are required for the preparatd potassium trioxalatoferrate (lll)
trinydrate: Ferrous ammonium sulphate, oxalic addute sulphuric acid (k50y),

potassium oxalate @C,0,), ethanol, hydrogen peroxide fB:). Ferrous ammonium
sulphate is also known as Mohr's salt. Its chemicamposition is FeSp

(NH,).SO,.6H,0 and is a double salt that contains two catior$ &ed NH,".

4.6.2 Apparatus required

The apparatus required for the preparation of jgoias trioxalatoferrate (1) trihydrate
are beaker, burner, stirrer, conical flask, pipetterette, Buchner funnel, chemical

balance, filter paper.
4.6.3 Procedure

Let us discuss the procedure involved in the pedjmar of potassium trioxalatoferrate (111)

trinydrate:

* Weigh 2g of ferrous ammonium sulphate with the haflpveighing balance or
electronic balance and transfer it to a beakeradoimg 25ml distilled water having
few drops of dilute sulphuric acid in it. The aduglit of dilute sulphuric acid
prevents the hydrolysis of the ferrous ammoniurplsate.

* Weigh 3g of oxalic acid with the help of chemical electronic balance and
transfer it to another beaker containing 15ml sfitied water.

* Now add the above prepared oxalic acid solutioa anbeaker containing ferrous
ammonium sulphate solution. Heat this mixture udimg burner with constant
stirring up to boiling. We will observe that thesea formation of yellow colored
precipitate which is due to ferrous oxalate. Thactien that takes place is
explained in the next section under heading chdmezxctions involved. Allow

this ferrous oxalate precipitate to settle down.
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* Now remove the liquid below which the precipitagdties down. After the removal
of precipitate, it is washed with distilled water.

* Now potassium oxalate is taken and a saturatedisolis prepared by dissolving
it in distilled water. For making saturated solaticadd potassium oxalate into
distilled water until it stops dissolving. Filtehe solution and the filtrate thus
obtained is the saturated solution of potassiumateaMeasure 10mL of this
saturated solution of potassium oxalate with tHp béthe measuring cylinder and
transfer it to a beaker containing precipitateasfdus oxalate. Heat this mixture to
about 46C with the help of the burner.

» Now we have to prepare 3% hydrogen peroxide soluthdd 40 mL of this
hydrogen peroxide solution into the beaker contgrthe mixture. Out of 40mL
hydrogen peroxide solution, add half of it (20mlgvdy with constant stirring and
remaining half (20mL) in one time into the beakentaining the mixture. The
solution is then heated up to boiling. Now we hawvedd oxalic acid of molarity
1M into the beaker. Using the formula (w =MMV/100@here M is molarity, M
is molar mass, V is required volume, the weighttfar preparation of 1M oxalic
acid solution is calculated.

* Now measure 10mL of oxalic acid solution with thedghof measuring cylinder or
with the pipette and transfer it to a beaker contgi the boiled mixture of ferrous
oxalate, potassium oxalate, hydrogen peroxide iolg the first 5ml addition at
once and then remaining 5ml addition drop wise wita help of the dropper.
Again heating is done till the solution in the beakecomes bright green in color.

* Now with the help of filter paper, the above preggzaigreen color solution is
filtered in a clean conical flask.

» Measure 20 mL ethanol with the help of measurimdegr or with the pipette and
transfer it to a conical flask containing greenocaolution. Heat the solution to
about 76C. Further extra ethanol is added until the solufist becomes cloudy.
It means there is a formation of precipitate oistais.

* The conical flask is then allowed to stand in e&kdampboard for some time so that
the crystals thus formed may settle down. Filter ¢hystals using Buchner funnel
for rapid filtration. The crystals are then washeith ethanol and are dried by

pressing them in between the filter paper. Usirdh@mical or electronic balance,
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the crystals are weighed and the yield is recordiedhis way, the green color

crystals of potassium trioxalatoferrate (1) trdrate are prepared.
4.6.4 Chemical reaction involved

As discussed in the procedure, initially oxalicda@ added into a solution of ferrous
ammonium sulphate which leads to the formationesfoyv colored ferrous oxalate. Then
potassium oxalate, hydrogen peroxide and oxalid &ciadded for oxidation of ferrous
oxalate which leads to the formation of green efgsof potassium trioxalatoferrate ()

trinydrate. The reactions that involved in the abpwocess are as follows:

FeSQ. (NH,).SOs. 6H0 (aq) + GO4H: (aq) FefO,. 2H0 (s) + (NH)2 SO (aq)

+ Ferrous ammonium sulphate Oxalic acid Ferrous oxalate
H.SOy

2FeGO4. 2H,0 (s) + HO, (aq) + GOsHz(aq) + 3KC04 (aq) 2K [Fe (GOy)3].
3H,O Green crystals

In this way, yellow colored ferrous oxalate pretafe and then green crystals of
potassium trioxalatoferrate (lll) trinydrate arerfed.

4.6.5 Result

The yield of potassium trioxalatoferrate (lll) tyitirate crystals obtained is ............... g.
4.6.6 Precautions

Following precautions are to be taken during theeexnent:

» Weighing should be done accurately.
* Neat and clean apparatus should be used in theieque.

» Before starting the experiment, go through the @doce and requirements
thoroughly.

* Handle the burner with care.
4.6.7 Self- assessment questions (SAQ)

* Fill in the blanks:

1. The color of potassium trioxalatoferrate (Ilpydrate crystals is...............
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2. Ferrous oxalate thus formed in the experimestat.......... in color.
3. Ferrous ammonium sulphate is a............... standardtanbs.
4. Oxalic acid contains............... oxalate group.
5. Hydrogen peroxide is added for............... of ferroxslate.
e True and False
1. In ferrate, iron is in +3 oxidation state.
2. The coordination number of iron in potassiuraxalatoferrate (1) trinydrate is six.
3. G;O,%is an oxalic acid.
4. In solution, the crystals dissociates to formiéxalate anion and potassium ion.
5. The structure of potassium trioxalatoferrat® (tihydrate is octahedral.
6. Mohr’s salt is ferrous ammonium sulphate.
7. Mohr’s salt is a coordinated compound
8. Oxalic acid is a secondary standard substance.
e Multiple choice questions
1. The chemical formula of ferrous ammonium sulphsite
a. FeSQ@
b. (NHy)2SOy
c. FeSQ. (NH4)2S0Oy. 6H,0
d. None of the above
2. In potash alum, the number of molecules of watarystallization is
a. Six
b. Twenty four
c. Eight
d. Twelve

3.The chemical formula of potash alum is

a. Ko:SOy
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b. K:SOy. Al(SOy)3. 24H,0
c. Alx(SQy)3
d. All the above
4. The element potassium belongs to
a. Transition metal
b. Inner- transition metal
c. Halogen
d. Representative element
5. The chemical formula of tetraamminecopper (Il) balig monohydrate is
a. [Cu (NH)4] SOy 2H0
b. [Cu (NH)e] SOs. H,O
C. [Cu (NH)4] SO4. HO
d. [Cu (NH)4] SOs. 6HO
6. The chemical species ethanol is an
a. Aldehyde
b. Ketone
c. Alcohol
d. Aldol
7. Potassium trioxalatoferrate (lll) trinydrate ipresented as
a. Kz [Fe (GOg)3). 3H,0
b. Kz [Fe (GOa)3]. 3H,0
c. Ky [Fe (GOg)3]. 3H0
d. K; [Fe (GOas)3]. 2H,0
8. C,0,%" is a ligand which is
a. Monodentate

b. Bidentate
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c. Tetradentate

d. Hexadentate

9[Fe (GO, *is

10.

11.

12.

1.

a. Ferroxalate anion

b. Ferrioxalte anion

c. Ferroferrioxalate anion

d. Ferrioxaltecation

The color of tetraamminecopper (1) sulphate momivate crystals is
a. Orange

b. Blue

c. Green

d. Colorless

In coordination compounds, ligands possess
a. Primary valency

b. Secondary valency

c. Counter ion

d. None of the above

In ferrous ammonium sulphate, the number of maéscaf water of crystallization

a. Six

b. Twenty four

c. Eight

d. Twelve

Short Answer Questions

Write the chemical reactions involved in the pamation of potassium

trioxalatoferrate (ll1) trinydrate.
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2. Write the chemicals that are required for theppration of potassium trioxalatoferrate
(1) trihydrate.

4.7 SUMMARY

The present unit deals with the preparation ofganic compounds which has
been undertaken with respect to the preparatiopotdsh alum, tetraamminecopper (II)
sulphate monohydrateand potassiumtrioxalatofergiile trinydrate. The preparation of
these compounds are discussed under three sethiansncludes procedure, chemical
reactions involved, results and precautions. Inpteparation of potash alum, potassium
sulphate, aluminum sulphate, sulphuric acid areuired. In the preparation of
tetraamminecopper (ll) sulphate monohydrate, comu#pphate, ammonia solution and
ethanol are required while in the preparation dapsium trioxalatoferrate (ll1) trihydrate,
ferrous ammonium sulphate, oxalic acid, dilute Buhc acid, potassium oxalate, ethanol,

hydrogen peroxide are required.

4.8 GLOSSARY

Double salts— Inorganic compounds that contain more than atierc or anion.

Coordination compounds- Inorganic compounds formed by a large number of
transition metals in which metal atom is bound tigand by a coordinate bond.

* Buchner funnel - Funnel used for fast filtration.

» Water of crystallization — Water present within the crystal.

* Mohr,s salt- Ferrous ammonium sulphate

» Coordination compounds -t include double slats and coordination compounds.

» Potash alum -K;SOy. Aly(SQy)s. 24H,0

» Tetraamminecopper (ll) sulphate monohydrate -{Cu (NHs)4] SO4. HO

» Potassium trioxalatoferrate (lll) trinydrate - Kz [Fe (GOg)s]. 3H.O

4.9 POSSIBLE ANSWER TO SAQ

4.4.7 Self- assessment questions (SAQ)

e Fill in the blanks
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1. K;SOp. Alx(SOQy)s. 24H,0; 2. Purification; 3. Two; 4. Crystallization; 5.

Sulphuric acid; 6. Coordination sphere
* True and False
1. False; 2. True; 3. True; 4. True; 5. False;r6eT 7. True
4.5.7 Self- assessment questions (SAQ)
* Fill'in the blanks
1. [Cu (NH)4)*"; 2. Square planar; 3. One; 4. Filtration; 5. Blue
* True and False
1. True; 2. True; 3. False; 4. False; 5. True;réeT
4.6.7 Self- assessment questions (SAQ)
* Fill'in the blanks
1. Green; 2. Yellow; 3. Primary; 4. Two; 5. Oxidnati
* True and False
1. True; 2. True; 3. False; 4. True; 5. True; @€lr7. False; 8. False
* Multiple Choice Questions
1. c. FeSQ. (NH4),S0s. 6H,0; 2.b. Twenty four;3.b. K.SOs. Alx(SOy)s. 24H,0

4.d. Representative elemeBt;c. [Cu (NH)4] SOs. H0; 6. c. Alcohol;7.a. Ks [Fe
(C.0g)3]. 3H0O; 8b. Bidentate;9.b. Ferrioxalate anion;10b. Blue; 11. b.

Secondary valencyt2. a. Six
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4.11 TERMINAL QUESTIONS

1. Explain the method of preparation of potash ahlong with the chemical reactions

involved, apparatus required, precautions and atedmequired.

2. Explain the method of preparation of potassitioxalatoferrate (Ill) trinydrate along
with the chemical reactions involved, apparatusuiregl, precautions and chemical

required.

3. Explain the method of preparation of tetraammapger (Il) sulphate monohydrate
along with the chemical reactions involved, appagatequired, precautions and

chemical required.
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UNIT 5: SEPARATION METHODS
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5.10BJECTIVE

Separation methods are an integral part of syiingspure compounds in the
laboratory or industry. Industrial processes make of some or the other separation

method for production of a given chemical. Separafirocesses are even very common in
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laboratories and in household routines. For examipbeling of water is a separation
technique which removes temporary hardness fronwtiter. Removing seeds from fruit
juices by filtering raw juice through a straineramother household separation method.
Separation of a precipitate from a liquid by meansfilter papers is most frequent

separation technique used in laboratories.

These routine examples indicate that the prindigleind separation techniques is
sorting out of molecules of a kind from a mixtulre order to achieve separation of desired
molecules, the separation techniques make useceftain property of the molecules that
contrasts with those of the remaining mixture. lEcample, filtration makes use of
different particle sizes of particles for sortirtgetdesired component. This chapter deals
with two separation techniquegz., ion exchange and solvent extraction. lon exchang
relies on the exchange of similar ions using aistaty polymeric matrix whereas the
solvent extraction process is based on the unbkebsity of solute in different solvents.
Thus, objective of this chapter is to understare dhinciples of and to acquire practical

skills of two very important separation methodsduselaboratories and industry.

5.2INTRODUCTION

A separation method is technique to sort out areicomponent (or molecule)
from a mixture of components (or different moles)leSeparation methods are closely
related to the purification techniques. The differe between the two is, when using
separation methods the ratio of desired and uretksiolecules present in the mixture do
not differ much. However, purification methods aed when the impurities in the bulk

mixture are present in low quantity.

As mentioned, the target of a separation processorting out of different
molecules. Since we cannot pick individual molesule separate them thus we try to
provide some kind of force under the influence ofiickh different molecules are
segregated over a period of time. The sorting dutolecules under a given set of
condition is called partition or distribution pr@ses. Some of the commonly employed
separation techniques can be classified as cnystiadin, distillation, solvent partition and

adsorption processes.

(i) Crystallization: In crystallization the partition occurs between alids and

solution(Figure 1). Here we want molecules of t¥penly to crystallize and separate out.
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For this purpose we must use a solvent in whick Aighly soluble while molecules of B
will tend to crystallize. After dissolving all ohé mixture the temperature is lowered so
that B starts to crystallize first whereas the 8ofuis not saturated enough for A to

crystallize. This is followed by mechanical separa(filtration).

i
A
1 S ! ]
| ! "\-__ - .’ A mm— Fhm bad gt = ploweed
e - - ol 4 L] r‘hl;—l'lll.tlllll
| 'r‘ .

Figure 1 Process of crystallization

LIiQuID
(BOILING)

DISTILLED
LiQuiD

Figure 2 Process of distillation

UTTARAKHAND OPEN UNIVERSITY Page 89



LABORATORY COURSES -l BSCCH -204

(i) Distillation: In a distillation flask containing a solution of dwtypes of liquid, one

having boiling point higher than the other by aln®S °C. The flask also contains the
vapor of liquids which are in equilibrium with tremlution phase. If solvent A is more
volatile than B then there is higher tendency ofcAenter into vapor phase. Thus by
heating this solution relatively more number of emlles of A will enter into vapor phase
than B. These vapors can be condensed and collgstied a solution richer in A than B.

Repeating the process will lead to much purer sangbl A. The process of simple

distillation has been depicted in figure 2

(i) Liquid-liquid Partition: In this separation method the distribution is dba&veen
two liquid phases. Suppose A and B molecules asgntt in a given solvent say any
organic solvent such as dichloromethane. Althougind B are present in
dichloromethane but a prior knowledge of the mdlcstructure can help in deciding the
solubility preferences of A and B. We can suppase lthat A is such an organic molecule
that will preferably dissolve significantly in n@olar or polar organic solvent and B is
such a compound that is ionic and would dissolveoiar protic solvents. This

information helps us in deciding that if the mix@us added to another solvent that is
immiscible with dichloromethane such as water, A Brcan be separated. Now these two
immiscible liquids are shaken together and alloteeskeparate into layers using
mechanical tools such as a separatory funnel. Withsthe judicious choice of solvents

we can separate the molecules of A and B into tifferdnt layers of solvent depending
upon their higher solubility in any a given solvehihe substances A and B can be
recovered by evaporating the solvents.Peruasecfigfior the separation of two

immiscible liquids

Oil

Water

Figure 3 Process of distillation
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(iv) Adsorption separations: In this method the partition is achieved between a
solution (or gas phase) and a surface phase (maydyéacial). The phenomena by which
molecules become concentrated at the surface cltaria or substrate by virtue of their
physical and chemical behavior is called adsorptinrthis process the choice of solvent
and a surface plays a crucial role. The surfaceldhmovide maximum area per unit mass
hence fine powdered adsorbents are used whichdeamough surface area. We know
that fine particles can provide maximum surfaceador a given mass. Porous materials
such as clays and charcoal are also being used adsmrbent. Here also the choice of
surface is important. The surface should be sughttie solvent in which the mixture of A
and B will be dissolved should form an interfacagd and should selectively adsorb only
one type of molecules, let us assume A is adsanme selectively than other molecules.
Now when the adsorbent is shaken with the mixtanditipn occurs adsorbing molecules
of a more than other molecules because A has grestgency to form interface with the

adsorbent. Thus A along with the adsorbent careparated by filtration.

5.3 DEMONSTRATE ION EXCHANGE METHOD TO
REMOVE CALCIUM IONS FROM HARD WATER

5.3.1 Chemicals and equipments required

Deionized water, experimental hard water, Eriochedstack T indicator, a glass column,
cationic exchange resin (for example, wet amberbtgn, and hydrogen form), pipette,

conical flasks etc.
5.3.2 Theory

lon exchange is a separation method often usedaiervgsoftening and other laboratory
processes. Most frequent ion exchange processet/énexchange of ions between an
electrolyte solution and a solid polymeric ion-eanber. Derivatives of cellulose, agar-
agar or synthetic organic polymers are used asxuhangers. lon exchangers usually
have either cationic or anionic functionalities ked to their polymer matrix. Counter
ions of the hooked ions electrostatically adherthéosystem but easily can be exchanged
with another ion of same type. Thus,” @ns from an electrolyte solution can be
exchanged with free OHons of an anionic exchanger resin. Similarly?‘Cfaom hard

water can be changed with kbns using a cationic exchanger resin.
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Figure 1. Schematic depiction of resin bed in akealccolumn and ion exchange process.
5.3.3 Procedure

1. Clamp a clean and dry column (100 mL) equippéHd stopcock on a stand.

2. Take 25 mL wet cation exchange resin in a be&karwith glass rod and allow settling
down of resin. Decant the additional brown colouiqdid and discard. Remember the
resin should never be dried hence liquid level susficient to keep resin wet must be

maintained.

3. Add 10 mL of deionized water swirl carefully afiitlit in the column already clamped
vertically on a stand. Dab on the walls of colurandlose packing of resin and to avoid

trapping of air bubbles.

4. Open the stopcock of column and drain out tleesx liquid above the bed height of the
resin. Bed height is the length of the column uwtoch resin is filled. Let us assume

the resin makes up to the 10 mL mark (if it is grated) on the column.

5. Rinse the resin with buffer solution suppliedylmur laboratory or by deionized water.
Do not drain the liquid completely. Maintain thevéé of liquid level as high as the bed
height of the resin.

6. Take the supplied sample of hard water in anclesaker or alternatively prepare it.
Hard water can be prepared by dissolving few mgabfium hydroxide in deionized

water.

7. Carefully add 10 mL of water sample in the catumith the help of a pipette. Care

must be taken that the resin bed should not bartisd.

UTTARAKHAND OPEN UNIVERSITY Page 92



LABORATORY COURSES -l BSCCH -204

8. Open the stopcock of the column and draincaufO mL of the liquid. Now all the

previous liquid must have been eluted and the masist be charged with the sample.

9. Carefully add another 10 mL of water samplehm ¢olumn with the help of a pipette.

Drain out 10 mL of the liquid and collect it in argcal flask labeled aA.

10. Repeat the step 9 thrice and hence now youhailé three conical flaska, B andC

each with 10 mL water sample drained out of thecol.

11. Take 10 mL of hard water sample in a fourthicarflask labeled aB. Remember the
flask D contains untreated water or water sample not datgeugh the ion exchange

column.

12. Add two drops of Eriochrome black T indicatoreiach of the four flasks.
5.3.4 Observation

Eriochrome black T gives greenish blue colour imepwater and forms a wine red
coloured complex with calcium ions present in hamter. Hence you must carefully
observe the colours of the conigaiD after addition of indicator Eriochrome black T.
Wine red colour of conical flagdR indicates the presence of hardening ion in thesated

sample whereas appearance of blue colour in beakérsndicates that the water sample

run down the ion exchange column is free of calcions.
5.3.5 Results

Exchange of calcium ions present in hard water Wi H ions present on cationic

exchange resin has been demonstrated.
5.3.6 Precautions

1. The resin bed should not be disturbed whilegihgrcolumn with different liquids.

2. Any liquid should be charged only when the lesfeliquid present in column is just up
to the height of resin bed.

3. Mixing of two liquids above the resin bed affetite results.

4. Drying the resin will deteriorate its performanéience care must be taken to keep it

wet throughout the experiment.
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5.4 TO SEPARATION OF ACETANILIDE FROM A MIXTURE
WITH SALICYLIC ACID BY SOLVENT EXTRACTION
TECHNIQUE

5.4.1 Chemicals and equipments required

Mixture of salicylic acid and acetanilide, sepamatfunnel, ring stand for separatory ethyl
acetate, distilled water, brine (ag. NaCl solutjczgnical flasks, beakers, funnel, water

bath, glass rod, burner or spirit lamp, digitaldvede etc.
5.4.2 Theory

Extraction is a separation technique used in therktory to isolate desired components
from a mixture. In the process of solvent extractibe solute mixture is dissolved in a
solvent (say water) followed by addition of an insmible volatile organic solvent (such as
ethyl acetate, ether, chloroform or methylene é¢tig)r This biphasic system is then taken
in a separatory funnel and vigorously shaken fetriiution of desired component in one
of the phases (usually organic). Solvents are chgsdiciously so that the maximum

amount of desired component extracts to organicsgHaaving all the impurities in

aqueous phase.

Top Layer

Figure 2. Schematic depiction of solvent extractising a separatory funnel

When a solute is shaken with two immiscible solserit distributes between the two
solvents in a ratio proportional to its solubilitythose solvents. At equilibrium, the ratio

of concentration of solute in two solvents is alpartition coefficient ().

e — [solute],,., _ Worg/Vorg
° [solute] .. Wg/ Vag

UTTARAKHAND OPEN UNIVERSITY Page 94



LABORATORY COURSES -l BSCCH -204

Where [solute] represents concentration, W repteseright of solute and V represents
volume of solvent. Suffixprg andag represent organic and aqueous phases respectively.
The larger the value of Kin above equation indicates that more solute glldistributed

in organic layer. Repeated extractions can thudtrestransfer of almost all solute to the

organic components, which can be recovered by eatipg the volatile organic solvent.
5.4.3 Procedure

(i) Preparing the experimental solute mixture Solute mixture will be provided by
your laboratory instructor. If instructor asks ymuprepare the mixture by yourself, take
0.5 g of each of acetanilide and salicylic acid ang them to obtain experimental solute

mixture.

(i) Choice of solvents Acetanilide is slightly soluble in water but fairkoluble in
diethyl ether. Salicylic acid is soluble in watdts deprotonated form (salicylate) is
insoluble in ether. Hence, water and diethyl etheake a suitable solvent pair for

extraction of acetanilide and salicylic acid.
(i) Steps for solvent extraction
a. Take 1.0 g mixture of salicylic acid and acefdeilin the separatory funnel.

b. Add 25 mL of diethyl ether in the separatory fahand swirl until the solid mixture is

dissolved.

c. Add 15 mL of 5% NaHC®@solution in the separatory funnel. Put on the ptopnd
carefully shake the funnel for few seconds so thatsolute can distribute between
phases. Frequently release the pressure developett ithe separatory funnel during

the extraction process.
d. Keep the separatory funnel on ring stand for mwoutes to allow settling of two layers.

e. Water is denser than the diethyl ether, therehopgeous layer settles as bottom layer in

separatory funnel, over which diethyl ether laystles.

f. Carefully drain the aqueous layer into a beaker.
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0. Repeat the similar process again (steps c-fdoyng 10 mL of 5% NaHC@solution in

the separatory funnel. Combine both the aqueows mymponents in the same beaker.

h. Cool the beaker containing aqueous layer by ptaii refrigerator or ice bath. Acidify
the cold aqueous layer by carefully adding conegatr hydrochloric acid which results
in formation of white precipitate. Continue addibfCl until no more precipitate is

produced.

i. Filter the precipitate and place on a dish foiirdy in air. Collect the diethyl ether layer
in another beaker, dry over anhydrous sodium syjlfdter and evaporate the solvent to

recover the dissolved component.

j. Weigh both components once dried. Take the ntelpnints of both solids. Also

calculate the percentage of the recovered solids.

5.4.40bservations

S.N.. | Amount of 1:1 Total volume| Total volume| Weight of | Weight of

solute mixture of ether used | of NaHCGQ | acetanilide salicylic acid

taken used recovered
1 109 25 mL 25 mL Xg Yg
2
3

5.4.5 Calculations

Calculate the partition coefficient {Kof acetanilide as follows:

_ [solute],,. W, /V,

- org! “org
‘ [solute],, W, /Vy,
. X/25
ar, = -
* O (05-1X)/25
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Similarly, partition coefficient (i) of salicylic acid can also be calculated. If yare
instructed to repeat the experiments several timdesso and enter the details in the

observation table.
5.4.6 Result

Acetanilide is separated from a mixture of it wilalicylic acid by solvent
extraction technique. Partition coefficient of awelide was found to be

for diethyl ether and water.
5.4.7 Precautions

1. Use clean and dry glassware for experiment.

2. Avoid contact of chemicals with skin. In instanaf contact, wash immediately with

plenty of water.

3. Wear safety goggles while handling the concéedraacid and using the separatory

funnel.

4. Label the dishes used to evaporate differentisois carefully.

5.5 SUMMARY

In this chapter we have learnt about two imporexgeriments. First one is based
on the ion exchange separation technique. In tpererent we have understood how the
hard ion calcium can be exchanged with tHeidth to remove the permanent hardness of
water. Usually more than one kind of ions may bespnt in solutions to be purified. For
instance, Mé" also remains present in natural hard water samjgesxchange technique
is very useful for such situations. Remember theiogE exchange resins can
simultaneously remove all cations from the feedutsmh. Similarly, anionic exchange
resins can simultaneously remove all anionic intmgifrom a given sample. Thus, for
obtaining a water sample completely free of foraams it is necessary to run it through a
pair of anionic and cationic exchange columns. Wistralso remember that this methods
is not limited to the water purification only butsa widely used in laboratories for

separation of molecules for example amino acids.
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Another experiment, the solvent extraction is anewnly practiced laboratory
separation technique. It is often used to sepamaterganic compound from the reaction
mixture after completion of a reaction. As we haeen solvent extraction makes use to
differnt solubility of a solute in two immiscibleolvents. As there are a number of polar
and non polar organic solvents which are immiscibith water, a basic knowledge of
‘like dissolves like’ can help us to choose suialsblvent pairs for extraction of a
compound from rest of the components. Understanthiegprinciples behind these two
experiments and acquiring skill to perform thespegsments will help the students during

their research endeavours.

5.6 TERMINAL QUESTION

Short answer type questions

Q.1 What is a separation technique?

Q.2 Give example of two separation techniques usédases?
Q. 3What are ion exchange resins?

Q.4 Why the drying of a wet resin is not recommended?

Q.5 How do you make experimental hard water for thpeeixment? Is it similar to the

naturally occurring hard water?
Q.6 What indicator did you use to show that ion exdeaprocess has taken place?
Q.7 What is partition coefficient?

Q.8 Why the aqueous solution of sodium bicarbonatelted instead of water?

5.7 ANSWERS

A.1 Separation technique is a method to sorting omaecules of a kind from a mixture.

A.2 Removing temporary hardness of water by boiling ftration of tea or juice are two

household separation methods.

A. 3 lon exchange resins are insoluble polymeric medribaving cationic or anionic
organic functionalities on their surfaces. Couindes of surface charges of these materials

can be exchanged for ions of same charge presantéxperimental solution.
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A.4 Because drying of the resin may alter the funeliiby on the surface of resin which

can affect the end result of the experiment.

A.5 We dissolved few milligrams of calcium hydroxidegrepare hard water sample. This
is not similar to natural hard water as naturaltgwring hard water often contains more

foreign cations and anions such as’M@I and SGQ” etc.

A.6 We have used Eriochrome black T indicator whicregigreenish blue colour in pure
water and forms a wine red coloured complex witlsiaen ions present in hard water. lon
exchange process occurring in the column exchaafjesalcium ions present in the

sample with H ions, which is indicated by blue colour of indimat

A.7 At equilibrium in the solvent extraction procesg ratio of concentration of solute in

two solvents is called its partition coefficientsjkand is given by following expression:

_ [solute],,., _ W/ Vorg
= [solute],, Weo/ Vag

Where [solute] represents concentration, W repteseright of solute and V represents

volume of solvent. Suffixprg andag represent organic and aqueous phases respectively.

A.8 Because sodium bicarbonate is a weak base whigtot@ates the salicylic acid to
yield salicylate. Being ionic species salicylates lggeat affinity to go in agqueous solution
and practically no affinity for ether. Hence, fah@eving better separation of mixture, we

used sodium bicarbonate solution rather than water.
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BSCCH -204

6.1 INTRODUCTION

In the previous unit 1 of inorganic chemistry irgroduction to lab techniques, we

have discussed the topics like how to make laboratotebook? What are the commonly

used apparatus in inorganic laboratory and differprocess related to inorganic

chemistry? The present unit deals with the intréidacto lab techniques of organic

chemistry.
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In this unit, we will discuss about the apparatod #the techniques commonly used in

organic laboratory and the knowledge of which isipalsory for a chemistry students.

To make the topic more interesting, we will disctise commonly used apparatus
in detail along with the figure. Different techn&giare undertaken which are discussed

below to have a complete knowledge of laboratory.

6.2 OBJECTIVES

After reading this unit you will be able to:

* Know the commonly used apparatus in organic cheynist
» Describe different techniques involved in orgariemistry.
» Determine the melting point of an organic compound.

» Determine the boiling point of a liquid.

* Prepare sodium extract.

* Know how to perform the distillation process.

» Know the safety measures that must be taken itatieratory.

6.3 LABORATORY NOTEBOOK

A laboratory notebook or lab manual is a recoréxgberiments conducted in the
laboratory. The first page of the notebook is afiieate where the names, class, roll no.,
institution name is mentioned. The next page iexgdage where the brief idea of the
experiment performed are mentioned which includggkno., name of the experiment,
page no., date of experiment, date of submissionramark by teacher. After index page
the proper pages for writing the experiment areegivLeft hand side pages are blank or
without lines while the right hand side pages ared provided with experiment no., date,
page no. at the top and teacher’s signature abattem. On the left hand side tables,
calculations, chemical reactions, figure is merdgmvith a pencil. On the right hand side,
we write with a ball point pen. The notebook sholdwell covered containing a record

of experiments performed in the laboratory.

6.4 COMMONLY USED APPARATUS

In order to perform practical in organic chemidtaioratory, one should have knowledge

of apparatus that are commonly used. These apparatiudes flasks, test tubes, petri
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dish, reagents bottles, boiling tubes, pipetteetiey funnel, beakers, centrifuge tubes,
ignition tubes, porcelain dish, water bath, heatmantle, magnetic stirrer, condenser and

desiccator. Let us discuss these apparatus ifl.detai

6.4.1 Flask

Different types of flasks are used in the labomatdris includes round- bottom flasks,
flat- bottom flasks, volumetric flasks, filtratidlasks.

6.4.1.1 Round — bottom flasks

These flasks as the name indicates possess botharh i8 spherical in shape as shown in
Figure 1. These flasks are also known as roundtterned flasks or simply RB flasks.

Chemical reactions are performed in these flasklsaae made up of glass (borosilicate).
These are available in several range that 5 mOtb Zhese flasks are used for boiling the
liquid, in distillation and for storing the reaatianixture. Due to the presence of round

bottom, these flasks are kept on a cork ring occl®ped on a stand.

Figure 1. Round- Bottom Flask

Round bottom flasks are further classified into arexked round bottom flasks, two
necked round bottom flasks and three necked rowtibrh flasks. In one necked round
bottom flasks, there is one neck with one openirtheatip as shown in Figure 1 above. In
two necked round bottom flasks, there are two neiti two opening at the tip as shown
in Figure 2.

Figure 2. Two necked- round bottom flask
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In three necked round bottom flasks, there aresthieck with three opening at the tip as

shown in Figure 3. The necks allow the flask to jwith other glass system.

Figure 3. Three necked- round bottom flask

6.4.1.2 Flat — bottom flask

These flask are also known as flat —bottomed flaskgheir bottom are flat. This makes
the flask to stand by their own on a level surfaee uses are same as round- bottom
flask. These flask possess one neck as shown ing=# These flasks are preferred over

round- bottom flasks as former stands by its own.

Figure 4. Flat- bottom flask

6.4.1.3 Volumetric flask

These flasks possess long neck with the stopptreatop and are like pear in shape as
shown in Figure 5. These flasks are made up oftiplas glass which is used for
preparation of the solution of desired volume. Ehftasks are not used for heating. The

size of these flasks generally used in laborataaeies from 25 ml to 2000 ml.

Figure 5. Volumetric flask

6.4.1.4 Filtration flask
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Filtration flasks are flat- bottom flasks providetth a spout through which it get attach to

other system as shown in Figure 6. These flaskEdeameyer flasks.

Figure 6. Filtration flask
6.4.1.5 Distilling flask

These flasks are used for separating the liquidurexon the basis of their boiling points.
During distillation, this flaks is heated and thguld mixture get converted into vapour.
The liquid with low boiling point changes to vapoiinstly than the liquid with more

boiling points. In this way, these funnels are ugeseparate liquid mixture.
6.4.2 Test tubes

This is one of the commonly used apparatus in dheratory. These are long glass tube
provided with bottom which is round in shape. Thaseavailable in many size as shown
in Figure 7. Test tubes are used to carry a chémeeation even those that requires heat.
One of the advantage of using test tube is thatettage of low cost and acquire small
amount of chemical for carrying a particular reactiWhile performing the experiments,

test tubes are fitted in a test tube holder.

Figure 7. Test- tube
6.4.3 Petri dish

Petri Dish is also known as Petri plate or celkune dish. These dishes are named after
the name of the scientist J. R. Petri. These atebibttom apparatus commonly used in

biology for fungal growth as shown in Figure 8.
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Figure 8. Petri Dish
6.4.4 Reagents bottles

These bottles as the name indicates are usedoftmgichemicals (liquid or solid). These
bottles are either made up of glass or plastichaw/n in Figure 9. Each bottle is provided
with an air tight cap so that the chemical placedhiem remains as such in a purified
form. Every laboratory contains wooden shelves imctv these reagents bottles are
arranged properly. Some chemicals are stored irroavrb bottles as these are light

sensitive. Commonly used reagent bottles possdsmeol00 ml, 250 ml, 500 ml, higher

)

Figure 9. Reagent bottle

volumes are also known.

6.4.5 Boiling Tubes

These tubes are like test tubes but are wider ange in size as shown in Figure 10. As
the name indicates, these tubes are used for golm chemical. Glasses having high heat

resistant capacity are used for the preparatidoiting tubes.

Figure 10. Boiling tube
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6.4.6 Pipette

Pipette is a glass apparatus used in laborataniegder to transfer a fixed volume of
solution or liquid. It consists of a long narrovb&uprovided with a bulb in the middle and
a single mark towards the upper side indicatingpiéicular volume as shown in Figure

11. These are generally available in several réikge.5ml, 1 ml, 5ml, 10 ml, 25 ml.

Mark

Bulb

Figure 11. Pipette

A clean pipette is used for transferring a particolume of a liquid. In order to clean a
pipette, fill it with distilled water by sucking #i the mouth. Now allow the water to
drain. While draining the water, it should be nothdt if water drains without leaving
drops on the inner surface of the pipette, thisashthat pipette is clean. If drops appears
on the inner surface of the pipette then clearith detergent or soap solution and with tap

water followed with distilled water at the end. Naveleaned pipette is ready to use.
6.4.7 Burette

Burette is graduated glassware used in laboratdtiesnsists of a graduated narrow tube
provided with the tap at the bottom as shown inufégl2. The upper part is used for
adding the liquid or solution into the burette. &ikipette, burettes are generally used in
titration or for delivering known volumes of a ligu These are available in different

volume like 10 ml, 20 ml, 50 ml. The commonly udroiette possesses 50 ml volume.

)
Ik

Figure 12. Burette
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6.4.8 Funnel

This apparatus used in chemistry laboratory isawartowards the bottom and wider
towards the tip. These are made up of glass otipl&innels are used for transferring the
liquid into the container that are provided withahopening as shown in Figure 13. We

also use funnels in home for transferring the tiqui

Figure 13. Funnel

There are different types of funnel used in chempistboratory. These are as follows:

6.4.8.1 Filter funnel

These funnels as the name indicates are usedltfatifin which separates solid from a
liquid. These funnels are provided with filter paper carrying the process of filtration.

This funnel includes Hirsch funnel, Buchner funnel.

6.4.8.2 Thistle funnel

These funnels are provided with a reservoir atapavhich extends to a long narrow tube.
6.4.8.3 Separating funnel

These funnels are also known as dropping funnelseparatory funnels. As the name
indicates, separating funnels are used to sepdrateomponent of a mixture in between
the two immiscible liquids. Some of these funnels eylindrical in shape; some are pear
in shape while some are conical in shape. A stoperovided at the top of the funnel

which is shown in Figure 14.

Figure 14. Separating funnel
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6.4.9 Beakers

Beakers are commonly used apparatus in chemidigrdsory. This are made up of glass
(borosilicate) and is provided with a beak at thye &s shown in Figure 15. These are used
for storing solution. These are available in sevestumes like 5 mL, 10 mL, 25 mL, 50
mL, 100 mL, 250 mL, 500 mL and even more than this.

Figure 15. Beaker

6.4.10 Centrifuge Tubes

These tubes as the name indicates are used irfegatrCentrifuge is a device which
rotate the object around a fix axis causing thesdepatrticle to settle down at the bottom
of the tube.These tubes are smaller in size likal as shown in Figure 16. Centrifuge

tubes are made up of plastic and are used fongttine chemicals.

Figure 16. Centrifuge tube

6.4.11 Ignition tubes

Ignition tubes are small in size but possess thiak which is shown in Figure 17. These
tubes are commonly used in laboratory in the folmmadf sodium extract. Sodium extract
is a solution used for the detection of elemetkis hitrogen, halogens and sulphur. These
tubes have a capacity to hold small amount of tiksteince that undergoes strong heating.
One of the main disadvantage of using ignition suisethat they can be used only once as
we have to break the tube while making the sodiwtraet. In organic analysis, ignition

tubes play an important role.
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7

Figure 17. Ignition tube
6.4.12 Porcelain dish

Porcelain dish is also known as evaporating distes€é dishes as the name indicates are
used for the process of evaporation so that wecoawert liquid form of a substance into a
solid mass or to more concentrated form. Theseedigine made up of porcelain (ceramic
material), hence the name porcelain. As shown gurei 18, these dishes possess a beak
and are white in color. During evaporation, thesheks are placed on the tripod stand.

Upto 10 ml of a liquid is taken in the porcelaisidi

Figure 18. Porcelain dish
6.4.13 Water bath

Water bath as the name indicates as an apparaags inschemistry laboratory that
contains water. This water is heated up to destmdperature for conducting the
experiments. We can maintain a constant temperatusewater bath. An advantage of
using water bath is that it is used for heatingséhsubstances that catches fire easily in an
open flame. As we know that the boiling point ofteras 100°C, therefore the maximum
temperature that can be attained in a water battB(§C approximately. As we know that
the water bath is filled with water as shown inF&19, so it should always be covered in
order to prevent the process of evaporation arevtid the growth of micro-organisms.
The apparatus is provided with a plate having holesrder to insert the sample into the

water for carrying a reaction at constant tempeeatu

UTTARAKHAND OPEN UNIVERSITY Page 110



LABORATORY COURSES -l BSCCH -204

. |

Figure 19. Water bath
6.4.14 Heating mantle

The apparatus as the name indicates is used fongehe reaction mixture enclosed in a
container. For example, if a reaction is condudteda round- bottom flask at high
temperature then the flask is placed over the igatantle directly. Heating mantle
consist of strips of fabrics in which electric vdrare embedded giving the shape of basket

as shown on Figure 20.

Figure 20. Heating mantle
6.4.15 Magnetic stirrer

With the help of magnetic stirrer, we can stir gs@ution by spinning a magnet. The

spinning of the magnet results in the formatiomefgnetic field.
6.4.16 Condenser

Condenser is an apparatus that convert a substanmea gaseous or vapours state to a
liquid state. Condenser cools the gases or vamd<onverts it into a liquid form. These
are used in refrigerators, air conditioners andthe process of distillation which is

discussed later on in this unit. The structureafdenser is given in Figure 21
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Figure 21. Condensor

6.4.17 Desiccator

Desiccator is a thick- walled glass apparatus fige@rotecting the chemicals that reacts
with moisture present in the atmosphere. It coagi$ta big jar having a cap as shown in

Figure 2.2.

Y

£ N
=

.y

oy

Figure 22. Desiccator

6.5 DISTILLATION

In the chemistry laboratory, we have heard aboetdistilled water. The distilled water
which is used for making the solution is prepargdh® process of distillation. Distillation
is defined as the process that involves evaporatibmwved with condensation resulting in
the separation and purification of the liquids be basis of their boiling points as every
liquid possess a definite boiling point. In orderdeparate two or more liquids by the
process of distillation, firstly we heat the flagkund bottom flask or distilling flask). On
heating, formation of vapours takes place. Morati@ liquid separate first than the other

having low volatility. The vapours thus producedsss through the

condenser so that is gets converted into the lifprich which is collected in a container.
The liquid having low volatility will evaporate &it heating the flask in excess. In this
way liquid mixture are separated by distillation tre basis of their boiling point. The

whole process is represented below in Figure 2.3.
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Figure 23. Distillation

Distillation is classified into two types: one dsnple distillation and the other is
fractional distillation. The apparatus of simplstdiation is shown above in Figure 22. It
consist of a round — bottom flask with an adapteha top through which thermometer is
inserted. To the other adapter, a condenser iseobed. Using heating mantle, the flask is
heated which leads to the formation of vapoursdGehter runs through the condenser
leading to the conversion of vapour into the liqwtlich is then collected. Fractional
distillation on the other hand is same like a sengistillation but possess a fractionating
column in between the condenser and the round terhditask. The column provides the
better separation between the liquid. Generallyuse simple distillation process in the

laboratory.

6.6 SODIUM EXTRACT

Sodium extract is a solution used in organic aialfor the detection of elements
like nitrogen, halogen and sulphur present in aemiwrganic compound. For the
preparation of sodium extract, the following progedis to be followed: First of all, small
pieces of metallic sodium is taken and are driedpl®ssing it in a filter paper. Now
ignition tube is taken into which sodium piece liaged. Then above the piece of sodium,
a very small amount of given organic sample isquadn this way two or three layers of
sodium and sample is prepared. Now ignition tubkalsled using a pair of tong and is

heating slowly by a burner. Heat the tube tillécbmes red hot. When the tube becomes
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red hot, transfer it to the porcelain dish contagniO ml of distilled water. The ignition
tube will break in water. Allow two more ignitiomltes to break in the same porcelain
dish using the same organic sample. Now we stisttétion in the porcelain dish with the
help of a stirrer so that the unreacted sodiumtseaith water. Allow the solution to boil
for five minute. After boiling, filtration is donby using a filter paper and the filtrate thus
obtained is sodium extract. The filtrate shouldclear and transparent as the dark color
indicates the incomplete fusion. If the filtratenist clear then repeat the process again. By
preparing the sodium extract, the elements likeogédn, sulphur, and halogen are
converted into water soluble sodium compoundstikenisable sodium cyanide, sodium
sulphide and sodium halides respectively. This @seds known as Lessaigne’s test that's

why sodium extract is also known as Lessaigne’'stiwi.

6.7 DETERMINATION OF BOILING POINT

The boiling point of a liquid is defined as thenfgerature at which a liquid form of
a substance changes into a vapour form. At thigeéeature, the vapour pressure of the
liquid becomes equal to the atmospheric pressuréerent liquids boils at different
temperature which shows that boiling point is tiharacteristic property of a particular
liquid. For measuring the boiling point, very smafhount of a liquid is required about 1
ml to 2 ml. An apparatus used for measuring thédirgpipoint of a liquid is shown in

Figure 24.

Capillary
Stirrer

Rubber band
Liguid

Ligquid paraffin

Capillary
tube

Bubbles

Liguid

‘%l‘

Figure 24. Determination of boiling point
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It is clear from Figure 23 that there is a boilihgbe fitted with a cork in which a
thermometer and a bent tube is inserted. The vapstapes through the bent tube. The
liquid whose boiling point is to be determinedageén in the boiling tube. Small pieces of
porcelain is added into the liquid in order to avbumping.The tube is then allowed to
stand. The thermometer is adjusted in such a watythie surface of the liquid is about 1
cm below. Now a burner is placed below the boilimige in order to heat the liquid. Now
open the burner and heat the liquid slowly so thatboiling takes place. An increase in
temperature will observe which become constantr afieme time. This constant
temperature is noted which is the boiling pointha# liquid. In this way, the boiling point

of a given liquid is determined.

6.8 DETERMINATION OF MELTING POINT

Like boiling point of a liquid, melting point of solid is one of the characteristic property
of a solid. The melting point of a solid is definad the temperature at which the solid

melts. In order to determine the melting point, fillkowing set up is used which is shown

in

ﬂ?—— Themometer

Beakar
Ligquid paraffin
| Capiltary
Burmer
Substance

Figure

Figure 25. Determination of melting point

The figure consist of a round- bottom flask whistholded by using a stand. The flask is
filled with concentrated sulphuric acid (nearlyhalf). A tube is taken into which a small

amount of concentrated sulphuric acid is addedvilihe tube to stand and insert it into
the round —bottom flask containingsulphuric acictder to measure the melting point, a

thermometer is placed into the tube. Now a capiliartaken and is heated from one end
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in order to close it. Now a solid whose meltingrgas to be determined is taken in a
powdered and dry form into the capillary tube. Theillary is then placed into the tube at
the side of the thermometer with closed end towaingsbottom. The open end of the
capillary should remain inside the tube. Now héat flask slowly using a burner placed
below it. We will observe an increase in tempeetand at a particular temperature, the
solid inside the capillary will melt and becomensparent. This temperature is recorded
which is the melting point of the given liquid. Theesence of moisture in the solid may

lower the melting point therefore the solid shaodddry and in pure state.

6.9 LAB REAGENTS

These are the substances or compounds that uredeagchemical reaction. There
are several lab reagents used in the organic chgn@boratory. Some of which are
discussed in unite 1 of inorganic chemistry whideng are as follows that are commonly
used in organic analysis: sodium bicarbonate smiutteric ammonium nitrate solution,
sodium hydroxide, ferric chloride solution, brominater, 2,4-dinitrophenyl hydrazine,
silver nitrate, nitrous acid (HCI + NaN Schiff 's reagent (p-rosaline hydrochloride +
SQO,), Tollen ‘s reagents (AgN$O+ NaOH), Fehling ‘s solution A (CuSG H;0), Fehling
‘s solution B (HO + sodium potassium tartrate + sodium hydroxi8enedict’s solution
(water + copper sulphate + sodium nitrate + anhysireodium carbonate), Molisch’s
reagent ( alpha napthol + rectified spirit), Lucasigent ( Anhydrous Zngh HCI),

Barfoed’s reagent ( copper acetate + glacial aeeiid + water).

6.10 SAFTEY MAESURES IN LABORATORY

While working in the laboratory, everyone shouldware of the safety measures
that we have to consider while working in laborgfoany ignorance may lead to an
accident. In every laboratory, there is a firstd Box. In case of acid burn, immediately
wash with cold water and then with dilute solutadfrsodium bicarbonate while in case of
alkali burn, after washing with water, a dilutegan of acetic acid is used. In order to
have good experimental results, clean the appapatserly with chromic acid and then
with distilled water. While performing the experints, always wear lab coat in order to
protect your clothes. Special attention shoulddden while working with acids as they

cause burning.

UTTARAKHAND OPEN UNIVERSITY Page 116



LABORATORY COURSES -l BSCCH -204

6.11 SELF ASSESSMENT QUESTIONS (SAQ)

* Fill in the blanks

1. Distillation process involves .......... followed with .......

2. Atube used for preparing sodium extract is called..... tube.

3. is used to convert a substance from vapoue $tea liquid state.

4. The two immiscible liquids are separated by using..... funnel.

5 In......... , magnet is used for stirring the solution.

6. At the boiling point, ........... form of a substance npasto .......... form.

7. An apparatus used for protecting the chemicals @nathygroscopic in nature is
8. Sodium extract is also known as .......... solution.

* True and False.
1. Sodium extract is a solution used for the detectidnelements like nitrogen,
halogens and Sulphur.
2. Round- bottom flasks are preferred over flat botftasks.

3. The flask provided with long neck with a mark &led volumetric flask.

4. Filtration flasks are round- bottom flasks.

5. Porcelain dish is also known as evaporation dish.

6.12 SUMMARY

In this unit we have discussed the general idespphiratus and techniques used in
the organic laboratory. We have discussed aboutctramonly used apparatus like
desiccator, condenser, heating mantle, magneticerstetc. and also about different
techniques like distillation, methods of determgitine boiling point and melting point.

Further we discussed about the reagents and tety saéasures taken in the laboratory.

6.13 GLOSSARY

» Distillation — Process of separating liquids on the basis of th@lmg points.
» Evaporation —Process of conversion of a substance from a ligtsite to a vapour

state.
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» Condensation Process of conversion of a substance from a vaptaie to a
liquid state.

» Boiling point —Temperature at which vapour pressure of a liqumbbees equal to
the atmospheric pressure.

* Melting point —Temperature at which the liquid melts.

6.14 POSSIBLE ANSWERS TO SAQ

6.11 Self- Assessment Questions (SAQ)

e Fill in the blanks:

1. Evaporation, condensation; 2. Ignition; 3. Corsda; 4. Separating; 5. Magnetic

stirrer; 6. Liquid, vapour; 6. Liquid, vapour; 7eBiccator; 8. Lessaigne’s
* True and False

1. True; 2. False; 3. True; 4. False; 5. True

6.15 TERMINAL QUESTIONS

» Discuss different types of apparatus used in omgememistry and explain it.

» Discuss the safety measures taken in the laboratory
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7.13 References

7.10BJECTIVE

Objective of the laboratory exercises in this usito provide you with basic skills
of organic synthesis that essentially covers furefgtal understanding of laboratory
equipments used to carry out organic transformati&mowledge to handle numerous
chemicals in laboratory and ability to assembleotatory equipments for experiments

such as hydrolysis and condensation.

First five exercises of this unit will assist wssynthesize few molecules and break
down few others those are very important in chemicdustry and are also used in
household products such as medicines. Thus you ledlin to prepare acetanilide,
nitroacetanilide and naphthyl benzoate. On therotfaed fourth exercise will give you
insight about the hydrolysis process which is midy @ery important chemical process for
industry but also for the biological systems. Reeeprocess to hydrolysis is called

condensation and the fifth experiment will teach yo perform condensation reaction.

Many organic compounds are available in plentpatural sources and it is often
viable to isolate them from naturally available w®s rather than synthesizing in
laboratory. Last two experiments of this unit witach you how to extract useful

compounds from plants.

Almost all of these laboratory experiments involvezardous chemicals, for example,
Claisen condensation is performed in the presehaestrong base, hence you will also be
learning about the important precautions to haetiemicals and to perform each of the

experiments.

7.2ACETANILIDE

Acetanilide is an important medicinal compound ethhelps in relieving pain. Its
chemical formula is §4sNO and molar mass is 135.17 g- moAcetanilide is also known
as N-phenylacetamide. It is an odourless solicbatnr temperature and possesses flake-
like appearance. Its melting point is 114.3 °C. tAodide is soluble in organic solvents
such as ethanol, diethyl ether, acetone and benZaeanilde is used as additives in

varnishes and used for preparation of dyes. Itss ased for production of sulfa drugs,
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penicillin and other pharmaceuticals. Structurairfola of acetanilide is given iRigure
1

X

HN”" CH,

Figure 1. Structural formula of acetanilide d;sNO).

In laboratory acetanilide is synthesized by condgas of aniline with acetic anhydride.
This reaction is also calleacetylationreaction because acetyl group is introduced to the
amino functionality of aniline molecules. Acetichguride is an irritant and combustible
liquid compound which smells like acetic ac&melling chemicals in laboratory is not
recommended)Acetic anhydride is not procured by many labaia®due to some legal
regulations by government; therefore acetyl chiiglalso used for acetylation reactions.
Hence, you can synthesize acetanilide by condemsafianiline and acetyl chloride also.

Both of these experiments are discussed in follgwsiection.
7.2.1 Preparation of acetanilide from aniline and eetic anhydride

7.2.2 Chemicals and equipments required

Aniline, acetic anhydride, distilled water, beakenster bath, boiling tube, glass rod,
dropper, burner or spirit lamp, ice bath, buchnemil, chemical or digital balance, and

melting point apparatus etc.
7.2.3 Theory

Acetylation of aniline using acetic anhydride ig/pical condensation reaction as depicted
in Figure 2. In laboratory acetanilide is synthesized by caorsé¢ion of aniline with acetic
anhydride. This reaction is also calledetylation reaction because acetyl group is

introduced to the amino functionality of aniline lexules.
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X
NH» HN CHj;
H,O
- )1\
+ HiC Hs
10 min.
Aniline Acetic anhydride Acetanilide Acetic acid

Figure 2. Synthesis of acetanilide from anilinel atetic anhydride.
7.2.4 Procedure

Procedure of this experiment can be subdividedmn parts. The first part covers the
synthesis of acetanilide yielding crude product #ral second part is recrystallization of
the crude product to obtain pure crystalline forintloe acetanilide. Both parts are

discussed in the following section.
7.2.5 Synthesis

Using a dropper place 0.20 g of aniline (approxdidps) in a boiling tube. Add 5mL of
distilled water followed by addition of 20 drops adetic anhydride with the help of a dry

dropper. Stir the mixture with a glass rod for B)Alinutes until white solid forms.

7.2.6 Recrystallization

In order to get the pure product we must recryg&alhe solid. For this purpose add 5 mL
of water in the same reaction test tube and heatdst tube in hot water bath (for hot
water bath take some water in a 100 mL beaker aatlihon a burner). Keep stirring the
reaction mixture at short intervals till the solldsolves. Now remove the test tube from
hot water bath and keep aside for cooling for Sut@a and then chill it in ice bath. Within
few minutes you would observe formation of crystaishe product. Filter the crystals on
a Buchner funnel. Allow the product to dry complgtand collect the product as white

crystalline powder.
7.2.7 Characterization

The obtained white solid crystalline flakes arerabterized by determining the melting
point. Melting point obtained in the temperaturaga 113-115°C indicates the formation

of desired compound.
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7.2.8 Result

Acetanilide was synthesized by condensation ofrendnd acetic anhydride.

Appearance = White crystalline flakes

Yield = g
Melting point (before recrystallization) = °C
Melting point (after recrystallization) = °C

7.3 PREPARATION OF ACETANILIDE FROM ANILINE
AND ACETYL CHLORIDE

7.3.1 Chemicals and equipments required

Aniline, acetyl chloride, distilled water, beakemsater bath, boiling tube, glass rod,
dropper, burner or spirit lamp, ice bath, buchnemil, chemical or digital balance, and

melting point apparatus etc.

7.3.2 Theory

Acetylation of aniline using acetyl chloride isygital condensation reaction as depicted
in Figure 3. This reaction is also calledcetylation reaction because acetyl group is
introduced to the amino functionality of aniline lexules. Acetylation using acetyl
chloride is usually done in presence of pyridirfepyridine is not available the reaction

can be performed by using glacial acetic acid.

o
pyridine )’I\
NH»> o or HN CH3
)I\ glacial acetic acid
_—
+  HzC ClI heat + H*CI”
15-20 min.
Aniline Acetyl chloride Acetanilide Hydrochloric acid

Figure 3. Synthesis of acetanilide from aniline aocetyl chloride.

7.3.3 Procedure

Procedure of this experiment can be subdividedmn parts. The first part covers the

synthesis of acetanilide yielding crude product #relsecond part is recrystallization of

UTTARAKHAND OPEN UNIVERSITY Page 124



LABORATORY COURSES -l BSCCH -204

the crude product to obtain pure crystalline forintloe acetanilide. Both parts are

discussed in following section.

7.3.4 Synthesis

In a 100 mL round bottom flask take 5 mL aniline.dnother flask prepare acetylating
mixture by mixing 5 mL acetyl chloride and 5 mL dpyridine. Add the acetylating
mixture to the flask containing aniline. Fit an aimdensor on the mouth of the flask and
reflux the mixture gently on sand bath for 10-15ates. Cool the reaction mixture and
pour it gently in 150-200 mL ice cold water withrshg. A white solid appears. Filter it

and wash it with cold water 2-3 times and dry. Tikighe crude acetanilide.

If pyridine is not available then you can use thiernate method. In a dry boiling tube
take 1 mL of aniline and add 1 mL of glacial acetd and mix thoroughly with glass
rod. To this mixture add acetyl chloride (1 mL)small lots. If the boiling tube feels hot
and difficult to hold then cool it under tap watéafter addition of acetyl chloride heat the
mixture for 5 minutes in a boiling hot water baftuol the test tube and add ice cold water
(approx 10 mL) to the reaction mixture with constatirring. Now filter the white
coloured precipitate (acetanilide) and wash withtewdill filtrate becomes neutral to

litmus.
7.3.5 Recrystallization

The solid product obtained above can be crystallirehot water to yield white shiny

crystalline substance. For recrystallization puepteke the crude solid in a boiling tube
and dissolve in minimum amount of hot water witmstant heating in hot water bath.
After complete dissolution of solid remove the bajltube from hot water bath and keep
aside for cooling for 5 minutes and cool it in lwa&h. When sufficient crystals of product
are observed, filter them on a Buchner funnel. Wlktve product to dry completely and

collect the product as white crystalline powder.

7.3.6 Characterization

The obtained white solid crystalline flakes arerabterized by determining the melting
point. Melting point obtained in the temperaturaga 113-115°C indicates the formation

of desired compound.

7.3.7 Result
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Acetanilide was synthesized by condensation ofrendnd acetic anhydride.

Appearance = White crystalline flakes

Yield = g
Melting point (before recrystallization) = °C
Melting point (after recrystallization) = °C

7.4 NITROACETANILIDE

4-nitroacetanilide is an important aromatic commbuvith chemical formula,
CgHgN203 and molar mass, 180.16 g-follt is nitro derivative of acetanilide and also
has two positional isomers, namely, 2-nitroacei@miland 3-nitroacetanilide. It is
brownish white solid which melts at 215 °C. 4-nétcetanilide is used for preparation of

aminoacetanilide and few aromatic dyes. Structimathula of 4-nitroacetanilide is given

0 C N0
H3C)L||\|

H

in Figure 4.

para- nitroacetanilide

Figure 4. Structural formula of 4-nitroacetanilide p-nitroacetanilide (GHgN.Ox).

In laboratory 4-nitroacetanilide is synthesizedniityation of acetanilide using concentrate
H,SO, and concentrate HNO This reaction is also called nitration and folfow

electrophilic aromatic substitution mechanism inuad nitronium ion as electrophile.
7.4.1 Preparation of nitroacetanilide

7.4.2 Chemicals and equipments required

Acetanilide, glacial acetic acid, concentrate gigfacid, fuming nitric acid, test tubes,

conical flask, glass rod, ice bath, beaker, buchnamel, filter paper, etc

7.4.3 Theory
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Direct synthesis of p-nitroacetanilide from aniluging a nitrating mixture is difficult and
not recommended. This is because, in the presenite mitrating mixture, the amino (-
NH,) group of aniline is oxidised to the nitro (-Mroup and forms nitro benzene. The
amino group of aniline is first protected by acidatto produce acetanilide which is then
nitrated to form 4-nitroacetanilide as the majarduct and 2-nitroacetanilide as the minor
product Figure 5). The acetamido (-NHCOGH group directs it to ortho and para
positions however para position is favoured bec#uséulky acetamido group shields the
ortho position from the attacking species. You $thdnear in mind that glacial acetic acid
is a polar solvent which dissolves acetanilide Hredacetate ion is a poor nucleophile so

no substitution product is possible.

0,
1 glacial acetic acid O 9
e} 2 con.HSG, )L )L
+
)L /@ 3 conc.HNQ _ HC N HaC l|\|
o |
H

(ice bath) H NO,

4— nitroacetanilide 2—nitroacetanilide
(major product) (minor product)

Figure 5. Synthesis of 4-nitroacetanilide or p-oécetanilide starting from acetamide.
7.4.4 Procedure

Take 1.6 g of acetanilide and 2.5 mL glacial acatid in a conical flask and stir
the mixture using a glass rod to dissolve conteftter complete dissolution cool the
flask in an ice bath. After cooling the acetanilsidution, carefully add 2.5 mL of pre-
cold concentrate sulphuric acid drop by drop irite tonical flask. Stir the content for
proper mixing and the chill the conical flask byekeng it in an ice bath. Separately
prepare nitrating mixture by taking 0.9 ml of fumimitric acid and 1.25 mL of
concentrate sulfuric acid in a test tube and altdw cool using the ice bath. To the cooled
contents in the flask, add the nitrating mixturegared in the test tube, drop by drop
while stirring constantly with the help of a glassl. While adding the nitrating mixture,
the temperature of the mixture in the flask showtd rise above 25 °C. Remove the
conical flask from the ice bath and allow it torst€or 30min at room temperature. Pour

the contents of the flask into a beaker contai@BgnL water and crushed ice. Stir it well
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and filter the yellow precipitate of 4-nitroacetee with the help of Buchner funnel. The

precipitate must be washed thoroughly with coldevand then dried and weighed.

7.4.5 Recrystallization

4-nitroacetanilide can be recrystallized by follogia procedure similar to that adopted

for acetanilide in the previous experiment.
7.4.6 Characterization

The obtained yellow crystalline solid is characted by determining the melting point.
Pure 4-nitroacetanilide melts at 215°C. You shdwddvery careful while heating nitro
aromatic solid compounds. Use very small amountssafd 4-nitroacetanilide for

determination of melting point.
7.4.7 Result

4-nitroacetanilide was synthesized by nitratiomoétanilide.

Appearance = Yellow crystalline solid

Yield = g
Melting point (before recrystallization) = °C
Melting point (after recrystallization) = °C

7.5 NAPHTHYL BENZOATE

Naphthyl benzoate is also called naphthol benzamatan aromatic ester with
considerable biological activities. Molecular foriawf naphthyl benzoate is;f:,0,
and its molar mass is 248.28 g-molAs presented ifFigure 6, naphthyl benzoate is
benzoic ester derivative of naphthols and hencs,tWa positional isomers, namely, 2-
naphthyl benzoate (of-naphthol benzoate) and 1-naphthyl benzoate efoaphthol
benzoate).

The B- isomer is more important for its biological adirs. 2-naphthyl benzoate
(or B-naphthol benzoate) is white crystalline solid whis practically insoluble in water
but readily dissolves in organic solvents includatdoroform, dichloromethane, glycerol
and hot ethanol. 2-naphthyl benzoate is used aseptit agent and as biochemical in

proteomics, i.e., research studies involving prelt is also used as paraffin hardening
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agent. In laboratory 2-naphthyl benzoate is symtleesby refluxingp-naphthol with

benzoyl chloride in dichloromethane solvent follal®y work up.

0O
OH o)k©
benzoylation

1-naphthol 1-naphthyl benzoate
OH . @]
benzoylation
—_—
@]
2-naphthol 2-naphthyl benzoate

Figure 6. Synthesis of 1- and 2-naphthyl benzoata fl- and 2-naphthol respectively.

7.5.1 Preparation of naphthyl benzoate

7.5.2 Chemicals and equipments required

B-naphthol, benzoyl chloride, dichloromethane, Tebses, round bottom flasks, conical

flask, glass rod, ice bath, beaker, separatingdliritter paper, etc
7.5.3 Theory

As presented ifrigure 7, 2-naphthyl benzoate is synthesized by refluingaphthol with
benzoyl chloride in dichloromethane solvent foll@vey work up as discussed in the

section discussing procedure of the preparation.

o}
oH 1. CH,Cl,
reﬂux 3h
+ + H*CI
2. aq. NaOH

extract

2-naphthol benzoyl chloride 2-naphthyl benzoate

Figure 7. Synthesis of 2-naphthyl benzoate fronzdagation of 2-naphthol.
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7.5.4 Procedure

Take 1.0 g off-naphthol in a 100 mL round bottom flask and addn35 of
dichloromethane. With gentle stirring with glassl @issolve the solid completely and to
this solution add 1.5 g benzoyl chloride in four dix small portions. Put the water
condenser on the mouth of flask and heat at 50rf@e water bath. Make sure that cold
water is circulating in the condenser. After thherirs remove the heating to water bath
and allow the flask to cool down to room tempemtdiransfer the reaction mixture to a
separatory funnel of 100 mL capacity and add 10ain@.05 M NaOH solution. Close the
stopcock of separating funnel and shake well taaektunreacted3-naphthol to the
aqueous (NaOH) phase. Product 2-naphthyl benzaateins in the organic solvent
dichloromethane. Keep the separating funnel undistli for separation of agueous and
organic phases. Carefully collect the lower laydict{loromethane is denser than water,
hence settles as lower layer in the separatingeijiin a beaker and gently warm the
content to vaporize dichloromethane solvent. Orpexation of solvent you will obtain

the desired product from the beaker as a white soli
7.5.5 Characterization

The obtained white crystalline solid is charactdizdy determining the melting point.
Melting point obtained in the temperature range-10@°C indicates the formation of 2-

naphthyl benzoate.
7.5.6 Result

2-naphthyl benzoate was synthesized by esteribisatf B-naphthol using benzoyl

chloride.

Appearance = White crystalline solid

Yield = g
Melting point (before recrystallization) = °C
Melting point (after recrystallization) = °C

7.6 SALICYLIC ACID

Salicylic acid is a colourless crystalline solabstance which is widely used in

organic synthesis. Systematic name for salicyliad as 2-hydroxybenzoic acid. Its
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chemical formula is @603 and molecular mass is 138.12 g-?ﬁoISaIicyIic acid

possesses several medicinal activities for theoredtsis identified as one of the most
essential medicines by World Health Organizatiars lan important ingredient of skin
care products, antiseptics and food preservativ@s. the other hand, aspirin
(acetylsalicylic acid), an acetyl derivative ofieglic acid, is a white crystalline, weakly
acidic substance with a melting point of 136 °Cpiis is pro drug of salicylic acid and
used as analgesic and anti-inflammatory medicatamce, chemically aspirin is ester of

salicylic acid, therefore it can be hydrolyzed hain salicylic acid.

@) H O H

Salicylic acid Aspirin

Figure 8. Structural formula of salicylic acid afitd acetyl derivative, aspirin.

7.6.1 Preparation of salicylic acid from aspirin

7.6.2 Chemicals and equipments required

Aspirin (acetylsalicylic acid), dilute HCI, testhtes, round bottom flasks, conical flask,

glass rod, ice bath, condenser, beaker, sepafating!, burner, filter paper, etc
7.6.3 Theory

Hydrolysis of acetylsalicylic acid results in sglic acid and acetic acid. Ester hydrolysis
can be catalyzed by acids or bases. However, aatalyzed hydrolysis is easier to
perform as compared to base catalyzed hydrolysischwhiequires an additional

neutralization step in case of acidic substratdserdfore, we will follow the acid

catalyzed hydrolysis of aspirin to prepare salcgicid. The reaction is depictedRigure

0.
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O H
1- dil.HCI
o Hy 2 heat )J\
3 cold water
H3C OH

Aspirin Salicylic acid Acetic acid

Figure 9. Synthesis of salicylic acid from aspirin.
7.6.4 Procedure

Take 5 g of aspirin in a conical flask and dissoivé0 mL of 20% HCI solution. Heat the
contents of conical flask for 30 minutes at 60 °@ @ water bath. Be careful that
temperature should not rise higher than 60 °C. flessgof reaction can be ascertained by
appearance of vinegar like smell from the reactiorture. After completing the heating
step, add 50 mL of ice cold water to the reactioxtune. A white precipitate of salicylic
acid will appear. Separate the white precipitatdilgation on a Buchner funnel and do
not discard the filtrate at this stage. Rinse tradpct with 10 mL cold water to remove
left over acetic acid. Since salicylic acid is $pgly soluble in water therefore some part
of the prepared salicylic acid remains in the dikr which can be recovered by solvent

extraction.

Transfer the filtrate to a separatory funnel of 10D capacity and add 50 mL of diethyl
ether. Close the stopcock of separatory funnelsdrake well to extract salicylic acid to
the organic phase. Hydrochloric acid used as csttagymains in the aqueous layer, while
salicylic acid and some part of acetic acid exgdotthe organic (ether) layer. Keep the
separatory funnel undisturbed for separation okags and organic phases. Carefully take
the lower aqueous layer (diethyl ether is lighteart water, hence settles as upper layer in
the separating funnel) in a beaker and discard. Ndw out the organic layer in a beaker
and gently warm the content to vaporize solvent. @aporation of solvent you will

obtain the desired product from the beaker as &evgaiid.
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7.6.5 Recrystallization

Salicylic acid can be recrystallized from hot wafeissolve the obtained solid substance
in minimum amount of hot water (60°C) and then wlloooling down. White needle

shaped transparent crystals of salicylic acid belformed in several hours.
7.6.6 Characterization

The crude and recrystallized salicylic acid samples characterized by determining the
melting point. Melting point of pure salicylic acid 158.6 °C. Melting point obtained

closer to 158.6°C indicates the formation of deseempound.
7.6.7 Result

Salicylic acid was synthesized by hydrolysis ofidsp

Appearance = Transparent crystalline crystals

Yield = g
Melting point (before recrystallization) = °C
Melting point (after recrystallization) = °C

7.7 CLAISEN CONDENSATION

The Claisen condensation is reaction of two estersne ester and a carbonyl
compound in presence of a strong base yieldipidk@to ester or 8-diketone respectively.
This is an important organic reaction used for fation of a carbon—carbon bond. One of
the two reactants must have at least enbydrogen for participating in Claisen
condensation. This reaction between two esterslied classical Claisen condensation
whereas that between one ester and one carbonybarord is called mixed Claisen

condensation.

7.7.1 Claisen condensation between acetophenone athyl acetate

7.7.2 Chemicals and equipments required

Acetophenone, ethyl acetate, ether, sodamide, ajlacetic acid, test tubes, round bottom
flasks, conical flask, glass rod, ice bath, conderseaker, separating funnel, burner, filter

paper, etc
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7.7.3 Theory

Reaction between acetophenone and ethyl acetatixésl Claisen condensation reaction.
Main product of the reaction is 1-phenylbutane-dide which is commonly called as 1-
benzoylacetone. This compound is used in fragranides complete reaction is presented
in Figure 10. The reaction can be effected in the presencéafg base sodium ethoxide
or sodamide. You will be performing the reactiomgssodamide as it is easier to handle

as compared to sodium ethoxide. Remember sodamideodium ethoxide are very

sensitive to moisture,
Ether, NaN
e N0 Ch, L-Ether, Nalk} CHs + HO™ CHs
3 2 Acetic acid therefore all
Acetophenone Ethyl acetate 1_ phenylbutane- 13— dione  Ethanol

glassware, chemicals and solvents must be ‘dryClaisen condensation.

Figure 10. Synthesis of 1-phenylbutane-1,3-diond {senzoylacetone) by reaction between
acetophenone and ethyl acetate.

7.7.4 Procedure

Take 3.0 g of acetophenone and 2.5 g of dry ettgtade in a round bottom flask of 100
mL capacity and dissolve in 20 ml of dry diethyhet Cool the flask using an ice bath
and maintaining the dry condition. To the cold $olu of reactants, slowly add 2.0 g of
sodamide powder. Allow the contents of flask tactdar next 24 hours. On completion of
reaction time, pour the reaction mixture on suéfitiamount of ice cold water taken in a
beaker and dissolve in it using a glass rod. Rentbgeether layer from the beaker by
allowing evaporation or by bubbling air through tteaction mixture. Add glacial acetic

acid in small portions till the pH of the solutiam slightly acidic (below the value of

7) and the product, 1-benzoylacetone precipitatiésFalter out the product and wash with

water followed by drying and weighing.
7.7.5 Recrystallization

Colourless crystalline solid can be obtained byystallizing the crude reaction product

with organic solvents.

7.7.6 Characterization

UTTARAKHAND OPEN UNIVERSITY Page 134



LABORATORY COURSES -l BSCCH -204

The obtained white solid is characterized by deit@mg the melting point. Melting point
of pure 1-benzoylacetone is 61 °C. Hence the obslemelting point in temperature range

60-62 °C indicates the formation of desired compbun
7.7.7 Result

1-benzoylacetone was synthesized by Claisen coatiensbetween acetophenone and

ethyl acetate.

Appearance = White crystalline

Yield = g
Melting point (before recrystallization) = °C
Melting point (after recrystallization) = °C

7.8 ISOLATION OF CAFFEINE FROM TEA LEAVES

Caffeine is an alkaloid compound found in seeds$s and leaves of several plants. It is a
white crystalline solid with chemical formulaghdioN4O,. Caffeine tests bitter and act as

psychoactive substance to prevent drowsiness iraham
7.8.1 Chemicals and equipments required

Green tea powder (tea dust), distilled water, digdrhethane, sodium carbonate,

anhydrous sodium sulfate, beaker, separatory fufiliet paper, burner etc.
7.8.2 Theory

Caffeine is a purine derivative alkaloid compouriedg@re 11). Hence it has polar

functional groups such as carbonyl. Caffeine isulsiel in organic solvents like

dichloromethane but interestingly presence of pgaups makes caffeine soluble in
water. It is highly soluble in water at high temgeres and less soluble at room
temperature. Therefore, extraction of caffeineffisoted by boiling the tea leaves in water.
Tannin is another class of organic compounds pteseiea leaves which is extracted in
water during the process. Hence in order to olpane caffeine it is necessary to remove
tannin. Tannin is phenolic substance which on tneat with sodium carbonate makes

water soluble and dichloromethane insoluble siltsvever, caffeine remains unaffected
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by sodium carbonate. Therefore, extraction of agsewlution of caffeine and tannin salts

with dichloromethane allows selective transfer a@feine in the organic solvent.

H
Hsc\N Nf i
o/J\N N
b,

Caffeine

Figure 11. Synthesis of acetanilide from anilinel @cetyl chloride.
7.8.3 Procedure

Take 2 g dust of green tea and 1 g sodium carbdna@e100 mL beaker and 20 mL
distiled water. Cover the beaker with watch glassl gently heat for 10 minutes.
Carefully filter the solution in another beaker {ghot. Allow the filtered solution to cool
down to room temperature and then transfer to aaragmry funnel. Add 5 mL
dichloromethane to the separatory funnel, closestbpcock and swirl gently a few times.
Keep the separatory funnel in ring stand to all@pasating organic and aqueous layers.
Dichloromethane being denser than water settlefower layer in separatory funnel.
Carefully collect the dichloromethane layer in aker. Again add 5 mL dichloromethane
to the separatory funnel, swirl gently and alloywa®@tion of aqueous and organic layers
followed by collection of the dichloromethane parpreviously collected portion. Dry the
combined dichloromethane solution using anhydraakusn sulfate and transfer the dried
solution to a 25 mL beaker. Gently heat the beat@revaporate the solvent
(dichloromethane boils at 39.6 °C) on drying cdlldze white substance deposited in

beaker with the help of a spatula.
7.8.4 Characterization

The obtained white solid is characterized by deit@mg the melting point. Melting point
of caffeine is 238 °C.

7.8.5 Result

Caffeine was extracted from green tea dust.
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Appearance = White crystalline solid

Yield = g

Melting point = °C

7.9 ISOLATION OF RICINOLEIC ACID FROM CASTOR
OIL

Ricinoleic acid is an unsaturated omega-9 fattigl.alt is also categorized as a
hydroxy acid. Chemical formula of ricinoleic actle major component of castdi¢inus
communi} seed oil is GH3403. It has several biological activities includingatégesic

in Castml and hence can be

effects. It remains in triglyceride form
9

obtained by 102 hydrolysis of castor oil.

OH

Ricinoleic acid

Figure 12. Structural formula of ricinoleic aciBosition of double bond and hydroxyl group is

noteworthy.
7.9.1 Chemicals and equipments required

Castor oil, potassium hydroxide, ethanol, distilledter, condenser, beaker, separatory

funnel, filter paper, burner etc.
7.9.2 Theory

This experiment involves hydrolysis of triglyceride., ester hydrolysis. Ester hydrolysis
is a reversible process in which ester linkagesbaoken to yield an acid and an alcohol
andvice versaHydrolysis reaction can be catalyzed by mearesnaddcid or a base. In the
present experiment you would use potassium hydeogsl catalyst which facilitates the

formation of ricinoleic acid.
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0O
HO R
CH;—O—C—R CH—OH /Tk
CH—0—CO—R ' 3H.0 CH—OH " Ho R
CH;,—O0—C—R CHy,— OH i
g HO R
Triglyceride W ater Glycerol Free fatty acid
(Castor oil) (Ricinoleic acid)

Figure 13. Schematic depiction of hydrolysis of tifigdyceride (Castor oil) resulting in glycerol

and three molecules of ricinoleic acid.

7.9.3 Procedure

Take 1 g KOH pellets, 1 mL water and 10 mL ethana 100 mL round bottom flask and
mix thoroughly to dissolve KOH completely. To theslution, add 5 g or mL castor oll
and fit the flask with reflux assembly. Reflux tBelution for three hours followed by
addition of 30 mL distilled water. Separately dédut mL of concentrate sulphuric to 5 mL
in a test tube and gradually add to the flask withring. After complete addition of acid
mix the contents of flask with a glass rod and ttransfer to a separatory funnel. Swirl
the separatory funnel and allow the phases to apaBeparated upper layer is ricinoleic
acid whereas rest of the mass goes to aqueous @gezfully drain down aqueous layer

and collect the ricinoleic acid in a test tube.

7.9.4 Result
Ricinoleic acid was isolated from castor oil by hylgisis method.
Appearance = Yellowish liquid

Yield = g or mL

7.10 SUMMARY

First experiment is the acetylation of aniline @rhirepresents one of the very
important chemical reactions. You can use the &atedn reaction for the protection of
amino groups. Protection of amino group learnirst £xperiment is utilized in the second
one, which is for the preparation of nitro acetdeilfrom aniline. You have learnt that

direct nitration of aniline is not feasible. Singigrating reagent reacts with amino group

UTTARAKHAND OPEN UNIVERSITY Page 138



LABORATORY COURSES -l BSCCH -204

therefore the strategy you use is first protectmangroup by acetylation reaction and then
execute nitration reaction. Benzoylation of naphtly@lding naphthyl benzoate is
discussed in the third experiment which is anotiery commonly used reaction in
organic chemistry. Protection of functional grougpslevised in such a way that whenever
required, deprotection of functional group can beel This strategy is presented in the
next experiment: formation of salicylic acid by nglysis of aspirin. Condensation of
ester and ketone is one of the available reactionsormation of C-C bond which you
have learnt about in the fifth experiment. You mhiave learnt about the extraction and
isolation of organic compounds from natural sour@esthe last two experiments.
Therefore, the experiments in this unit have caveaewide range of common organic

transformations.

7.11 TERMINAL QUESTION

Short Answer type questions

Q.1 What is acetylation?

Q.2 What is a condensation reaction?
Q.3 Why is recrystallization done?

Q.4 What is the reactive species formed in the ndratiof acetanilide to 4-

nitroacetanilide?
Q.5 What is nitrating mixture?
Q.6 What happens when we attempt direct nitrationndlfree?

Q.7 If the final product synthesized is an water ingibke oily liquid, how will you

separate the impurities using a separatory funnel?

Q.8 Name the two isomers of naphthyl benzoate. Whedmer is biologically more

useful?
Q.9 Give IUPAC name of aspirin.
Q.10Name the product formed by condensation of acetopieeand ethylacetate.
Q.11 What precaution should be taken while handlingastide or sodium ethoxide?

Q.12What makes caffeine soluble in both organic solwamid water?
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Q.13 What strategy should be adopted while extractioraéfeine so as to prevent getting

tannin along with caffeine in organic layer?

7.12 ANSWERS

A.1 Introduction of acetyl group to a molecule by egphg a proton is called acetylation.

A.2 Condensation is type of chemical reactions in wiwat molecules combine to form a

larger molecule with loss of a small molecule sash}0.

A.3 Recrystallization is done in order to obtain pooepound as crystals since the initial
product obtained may contain impurities such asesanreacted starting compounds

or side products formed during the course of reacti
A.4 Nitronium ion as electrophile.
A.5 It is a mixture of concentrate sulfuric and coricate nitric acid in a 1:1 (v/v) ratio.

A.6 Direct nitration of aniline does not yield nitrolme instead the anime group oxidizes

to nitro group. Hence we get nitrobenzene.

A.7 An oily product can be separated from the impesiif we know the solubility of the
product and possible impurities in water or orgasvtvents. Using a suitable water
immiscible organic solvent such as dichloromethaatlylacetate etc. and water we
get two layers of aqueous and organic phases whesférred to separatory funnel.
After shaking the contents to mix well for extractj the two layers are allowed to
separate keeping the separatory funnel undistuobed stand. Depending upon the
density of the organic solvent it will be heavierlighter than water and thus will
form lower layer or upper layer respectively. Dislitag the impurities and water
soluble reactants in aqueous layer the product Earobtained separately in the

organic layer.

A.8 The two isomers of naphthyl benzoate are 2-naphbleynzoate (orf-naphthol
benzoate) and 1-naphthyl benzoate o(faraphthol benzoate). The isomer is more

important for its biological activities.
A.9 IUPAC name of aspirin is 2-acetoxybenzoic acid.

A.10 1-phenylbutane-1,3-dione which is commonly cadedl-benzoylacetone.
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A.11 Sodamide or sodium ethoxide are very sensitivaadsture, therefore all glassware,

chemicals and solvents must be ‘dry’ for Claisendsmsation.

A.12 Presence of polar groups makes caffeine solublevater along with organic

solvents.

A.13 In order to obtain pure caffeine it is necessaryeimove tannin. Tannin is phenolic
substance which on treatment with sodium carbomadéées water soluble and
dichloromethane insoluble salts. Caffeine remaimaffected by sodium carbonate.
Therefore, extraction of aqueous solution of caffeiand tannin salts with

dichloromethane allows selective transfer of caten the organic solvent.
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UNIT 8: ESTIMATION METHODS

CONTENTS:

8.1 Objective

8.2 Quantitative estimation of sugar (glucose) gi$ahling’s solution
8.2.1 Chemicals and equipments required:

8.2.2 Theory

8.2.3 Procedure

8.2.4 Observation

8.2.5 Calculation

8.2.6 Result

8.3 Quantitative estimation of amino acid (glycingjng sorenson formol titration
8.3.1 Chemicals and equipments required

8.3.2 Theory

8.3.3 Procedure

8.3.4 Observation

8.3.5 Calculations

8.3.6 Result

8.4 Quantitative estimation of hydroxyl group

8.4.1 Chemicals and equipments required

8.4.2 Theory

8.4.3 Reagents

8.4.4 Procedure

8.4.5 Observations

8.4.6 Calculations

8.4.7 Result

8.5 Estimation of unsaturation from iodine valuanggicinoleic acid
8.5.1 Chemicals and equipments required

8.5.2 Theory

8.5.3 Procedure

8.5.4 Calculation:

8.5.5 Result

8.6 Summary
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8.7 Terminal question
8.8 Answers

8.9 References

8.1 OBJECTIVES

Estimation methods discussed in this chaptertaegtiantitative organic analysis
techniques which are helpful to ascertain compmsiéind purity of an organic compound.
Many organic molecules have pronounced acidic eicharoperties and high reactivity at
the same time others are neutral and inert. Tmgrasting chemical behavior depends on
the functional groups a molecule bears. Hence, kmpthe degree to which a particular
functional group is present in a compound becomesal to understand the properties of
molecules. Since there are a large number of fonatigroups in organic chemistry hence
for obvious reasons there are even a large nunfbestonation methods. In this chapter
you would learn about the estimation of few commgomhcountered functional groups.
Thus, this chapter deals with estimation of sugarejno acids, hydroxyl group and
unsaturation. Most valued commonly used procedsregresented for each of these
categories. Vivid details of experimental procedurad calculations are given so that you

must be confident in laboratory while performing #xperiment.

8.2 QUANTITQTIVE ESTIMATION OF SUGAR (GLUCOSE)
USING FEHLING’S SOLUTION

8.2.1 Chemicals and equipments required

Glucose - 1.5 g, copper sulphate - 7 g, sodiutagstum tartarate - 34.6 g, sodium
hydroxide - 12 g, burette, conical flasks, burmgaiss rod etc.

8.2.2 Theory

Fehling’'s solution is used to differentiate watetuble aldehyde and ketone functional
groups and to test for monosaccharides such asggugend fructose. Fehling’s solution is
always prepared fresh in the laboratory beforeettperiment since it loses its composition
when stored for long duration. It can be used termene whether a carbonyl-containing

compound is an aldehyde or a ketone (only aliptetehydes). It is made as two separate
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solutions; Fehling’s A and Fehling’s B solution.hiag's A is a blue aqueous solution of
copper (Il) sulphate pentahydrate crystals, whighlifg's B is a solution of aqueous
potassium sodium tartrate (also known as Rochaltg @and a strong alkali such as sodium
hydroxide. On taking equal volume of the two san$ we get dark blue coloured
Fehling’s solution which is due to the formationhistartratocuprate (lI) complex. This is

the active reagent of the Fehling's solution arid as an oxidizing agent.

— H 49
HO COONa e]e) o |
>c u,/o Co0
g\ <
HO COOK 00 |
L H COO _|
Rochelle salt Active complex of Fehling solution

Figure 1. Structure of Rochelle salt and active IQu¢omplex species of Fehling’s

solution.
8.2.3 Procedure

(i) Preparation of Fehling A and B

A) Fehling A: - Dissolve 7 g of copper sulphate intiled water. Transfer the
solution in 100 cc measuring flask. Wash the coetaiwith distilled water.

Transfer the washing to measuring flask and make thye mark.

B) Fehling B: - Dissolve 34.6 gm of sodium potassiamarate and 12 g of sodium
hydroxide in boiling distilled water. Transfer tis®lution in 100cc measuring
flask. Wash the container with distilled water. Aster the washing to measuring

flask and make upto the mark.
(i) Preparation of Fehling solution:- Fehling A +Fehling B
(i) Preparation of standard glucose solution

Weigh accurately a pure sample of glucose arst fitssolve in about 10cc of
distilled water taken in a 250 cc measuring flagaw make upto mark with distilled

water.
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(iv) Titration of standard glucose solution

Pipette out 10cc of Fehling solution in a conical flask and 80ccstiflell water.
Boil the contents and add gradually the standard glucose solutionitakeburette
with continuous shaking, till the blue colour of the solution disapp&asp the
conical flask on burner during the addition of glucose solutibth&l temperature in
thermometer reads 70 °C that is keep below boiling. Maitit&inemperature closer
to 70 °C throughout the titration. Keep adding glucose solution dilsthution loses
its blue colour with some red precipitate (Figure 2). Repleatprocess till two
concordant readings are obtained. Record the readings in table 1

(v) Titration of unknown glucose solution

Same method is used (as described above) for titration of unkghwpse

solution. Record the readings in table 2

COONa |COONa
H—C—OH
H—C—O
H—C—on ~ NaOHTCUSQ —— T O>Cu + NaS0, +2H,0
I
COOK |~
CH,0H COOH
H o oH ICOONa COONa H——OH
H—C—oO H—C— 1
CH)H H * | \Cu—>Cu20+ N C—OH  Ho H
H—C—O0~ A —C—OH H——OH
H H I Red ppt. |
4 OH COOK COOK H—OH
CH,OH
glucose gluconic acid

Figure 2: Reaction of glucose with Fehling solution

8.2.4 Observation

Weight of weighing tube =.......... g
Weight of weighing tube + glucose =......... g
Weight of glucose=................ g

Table 1Titration with known glucose solution —
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S.N. | Fehling solution inReading of burrete Glucose solution
cc Initial reading Final reading | cc (known)

1.

2.

3.

4.

Table 2Titration with known glucose solution

S.N. | Fehling solution inReading of burrete Glucose solution

cc Initial reading Final reading | cc (unknown)

1.

2.

3.

4.

8.2.5 Calculation

Strength of glucose solution =

8.2.6 Result

4-0X1-5 x volume of known glucose solution

volume of unknown glucose solution

The strength of unknown glucose solution =....
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8.3 QUANTITATIVE ESTIMATION OF AMINO ACID
(GLYCINE) USING SORENSON FORMOL TITRATION

8.3.1 Chemicals and equipments required

Amino acid, glycine 2g, NaOH 1g 40% formaldehydendD, phenolphthalein indicator,

solution, conical flask, volumetric flask, burette.
8.3.2 Theory

Amino acids like glycine which contains equal numbé& amino and carboxylic groups
can not be estimated directly by titrating with netrs NaOH solution, due to the
formation of zwitter ions in aqueous solutions. Hwer the estimation is done by first
treating the amino acid with excess of neutrali@€HO solution (which react with amino
groups of the amino acid, leaving the carboxyliougr free) and then titrating with
standard NaOH—» BH + N&  NaOH solution.

HRCH,CO& + BH

Zwitter ion

HN.CH,COS + H,0

H,N.CH,COG + HCHO — s CH,=N.CH,COS + H,0

CH,=N.CH,CO® + N& 5 CH,=N.CH,COONa
8.3.3 Procedure

(i) Preparation of standard glycine solution: Weigh prciselly 2 g of glycine and
dissolve it in 10mL distilled water. Transfer tha@wion to 250mL measuring flask. Wash
the container with more distilled waterand trandfe® washingalso to the measauring
flask now make up the volume of flask by addingtiliésl water up to the mark acid
(glycine) and make solution in distilled water i280 mL volumetric flask. Make up the

volume up to the mark on the neck of flask.

(i) Preparation of neutral formaldehyde solution: Take 50 mL of 40%

formaldehyde in a conical flask and add 8-10 dmfgshenolphthalein indicator. To it add
0.1N NaOH solution from the burette till the sotutibecomes faint pink in colour (do not
record this reading). This step is necessary taycaut before titration because

formaldehyde contains some amount of formic acictcivheeds to be neutralized.
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(i) Titration of standard glycine solution: In a conical flask pipette out 25 mL of
glycine solution and add 2-5 drops of phenolphtihad@d gradually add 0.1N NaOH from
burette till faint pink colour is developed (do negcord this reading). This process
abstracts a proton from quaternary ammonium grdugnuno acid to form free amino
groups if the amino acid was present as zwitter dnis step is necessary to carry out
before titration because amino acid solutions arely neutral. Add 10.mL of neytral
formalin solution. The pink colour of solution imdiately disappears. Not the initial
reading of the burrete and titrate the solutiorhv@dtandard NaOH solution till pink colour
is restored. Repeat the process and take at leastconcordant readings.Record the

readings in table 1
(iv) Titration of unknown glycine solution:

Same procedure as in step (iii) is followed for mmkn solution. Record the readings in
table 2

8.3.40bservation

Table 1 known glycine solution:

S.N. | Vol. of glycine sol.| Reading of the burette Vol. of N/10
In mL initial Einal solution used up

1. 25

2. 25

3. 25

4. 25

Table 2 unknown glycine solution:

S.N. | Vol. of glycine sol.| Reading of the burette Vol. of N/10

In mL solution used up

Initial Final

1. 25
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2. 25
3. 25
4. 25

8.3.5 Calculations

Weight of weighing tube = ------------- g

Wt. of weighing tube + glycine------- g

Wt. of glycine = (-) - I — g

Strength of glycine

4-0x 2-0 x volume of known glycine solution

Strength of unknown glycine solution —= - -
volume of unknown glycine solution

8.3.6 Result

The strength of unknown glycine solution is...... g/L

8.4 QUANTITATIVE ESTIMATION OF HYDROXYL GROUP

8.4.1 Chemicals and equipments required

Acetic anhydride, alcohol or phenol sample, dryigiye, phenolphthalein indicator, 0.5N

NaOH, condenser, conical flask, burette etc.
8.4.2 Theory

The commonly used procedure is preparation of acetyvative and estimation of acid
formed upon hydrolysis. Acetylation of hydroxy coounds (e.g. phenol, n-hexanol,
cyclohexanol, glucose, mannitol, benzyl alcohodsol etc) is done by using excess acetic
anhydride in pyridine. The acetic acid formed ie tleaction is removed by combination
with pyridine. Excess anhydride is hydrolyzed withter and the acetic acid formed is

titrated with sodium hydroxide solution in orderdetermine unreacted acetic anhydride.
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o] o) ) O
Ron e )]\ J\ )k ' )I\
O R—O HO

alcohol acetic anhydride ester acetic acid
( or phenol)

Figure 4. Reaction of one mole of OH group with om@e of acetic anhydride produces

one mole of acetic acid (and one mole of ester).

auTlL auilg SLTLUL auig

Figure 5. Reaction of one mole of acetic anhydride produegsmoles of acetic acid on

reaction with water.

8.4.3 Reagents

A. Acetylating mixture: Throughly mix one volume ofeadic anhydride with three

volume of pyridine.

B. N/2 alcoholic NaOH solution: Prepare saturatgdtson of NaOH in water (about 18-
20 N). Take 7mL of this solution in a 250 mL of reedang flask and make up it to 250
mLadding ethanol or methanol. Standarsize thistewwith either standard N/2 oxalic

acid orusing phenolphthalein as an indicator

8.4.4 Procedure

Acetic anhydride is very sensitive to moisture arater therefore, following experiment
should be performed with due care to avoid unwaetgubsure of reagents and solutions
to the atmosphere. First step involves preparaifacetylating mixture by mixing 10 mL
(~10 g) of acetic anhydride and 10 mL (~10 g) of plyridine in a conical flask (Note that
excess of acetic anhydride should be used if nf@e dne hydroxyl group are present in
given sample). After preparing, fill the acetyfatimixture in a burette and immediately
put a cork on it to avoid exposure to environména clean and dry 250 mL conical flask
take accurately weighed 1-1.5 g of supplied sarmap&cohol or phenol in a 100 mLround
bottom flask. Add 10 mL of acetylating mixture frothe burette to the conical flask

containing alcohol or phenol. Remember that you reijuire removing the cork put on
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the burette before draining the acetylating mixtitet the cork immediately back to the
burette after use. Fit a water condenser to theeaband heat the mixture at 70°C for one
hour. This treatment will acetylate all the alcololphenol present in the conical flask.
The residual acetic anhydride present in the coisadecomposed by adding 10 to 15 mL
of cold water. Now add 2 or 3 drops of phenolptehmaindicator and titrate the contents
with 0.5N NaOH solution already filled in anotheurétte. For blank experiment, take 10
mL of acetylating mixture in a conical flask andtivaut adding the alcohol or phenol
perform the exactly same procedure as describedealitecord the readings in tables 1
and 2

8.4.5 Observations

Table 1 Titration of reaction mixture against standised NaOH

SN | Volume of reaction Reading of the burette Volum of NaOH Used up (mL)

mixture (m L)

(mL)

Initial Final

Table 2 Titration of reaction mixture against standised NaOH

SN | Volume of Blank Reading of the burette Volum of NaOH Used up (mL)

mixture (m L)

(mL)

Initial Final
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8.4.6 Calculations

Weight of sample =W g
Volume of NaOH used with the sample #viL
Volume of NaOH used with the blank = YhL

Normality of NaOH solution =N/x
1000 MLN NaOH= 19 mole NaOH= 19 mole CHCOOH= 1 OH group

Vy, — V
(Vo - Vp) mL of N/x NaOH — (V2 - x N/x hydroxyl group

1000

W g of the hydroxyl compound contains

Vo, — V.
- g x N/x hydroxyl group

1000
1009 of the hydroxyl compound contain
(V2 = Vp) (V2 — Vo)
= —— xN/X100 = ——— x N/X
1000 W 10 - W

Thus the percentage of hydroxyl group in the sarapin unknown compound
(V2 — V1)
= —— x N/x
10 .w
If molecular weight of the hydroxyl compound istkvn, Say it is M, then number of OH groups

present in the compound will be:

(V2 = V) M
= — XN/
10 . W
8.4.7 Result
The supplied alcohol (or phenol) sample contains hydroxyl groups.

8.5 ESTIMATION OF UNSATURATION FROM IODINE
VALUE USING RICINOLEIC ACID

8.5.1 Chemicals and equipments required

Distilled water, glacial acetic acid, potassiumidadsolution (prepared by dissolving 150
g solid Kl in water and dilution to one litre), &an tetrachloride, starch indicator solution

(prepared by making a paste of 10 g of solublecktar cold distilled water and adding it
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to 1 L boiling water with stirring; salicylic acitl25 g is added as preservative and kept in
refrigerator at 4 to 10 °C), 0.1N standard thicest@fsolution (prepared by dissolving 24.8
g of N&S,03.5H,0 in water and diluting it up to one litre; the widn is standardized by
titrating it against acidified standard dichromsatdution) and Wij’'s solution which can be
prepared or purchased. Potassium dichromate, iottiobloride, glacial acetic acid,

pipette, volumetric flask etc.
8.5.2 Theory

Ricinoleic acid is an unsaturated omega-9 fatty atso possessing a hydroxyl group. It is
a major component obtained from castor seed dlinmvalue is defined as the measure
of unsaturation of fats and oils and their potérttiaget oxidized. It is expressed as the
number of grams of iodine absorbed per 100 gm wbifssample. The sample is treated
with an excess of halogenating agent (Wij's or Hasisolution). The amount of iodine

absorbed is determined by back titration with stmddodium thiosulphate solution.

O @)

= OH OH

OH OH

Ricinoleic Acid diiodo- derivative

Figure 6. Addition of iodine molecule to the doulbtend present in Ricinoleic acid.
8.5.3 Procedure

(i) Standardization of thiosulfate solution: Take a finely ground and dried sample of
potassium dichromate (4.903 g) in a one litre vatno flask and dissolve it in minimum
amount of water and then make up the volume toThius a 0.1N solution of potassium
dichromate is obtained. Pipette out 25 mL of tlelsison in a 250 mL conical flask, add 5
mL of conc. HCI| and 10 mL of 15% potassium iodidéuton with continuous stirring.
The mixture is allowed to stand for 5-10 minute@) InL of water is then added and the
mixture is then titrated with the thiosulfate sadat stirring continuously until the yellow
colour disappeared. Now add starch indicator 1-2 ant titrate again till blue colour

disappears.

(i) Preparation of Wij's solution: Dissolve 7.9 g of iodine trichloride in 100 mL of

glacial acetic acid in a beaker. Heat the solugiently on a water bath and then cool to
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room temperature. In a 250 mL conical flask tak® @.of iodine and dissolve in warm
acetic acid. Mix the two solutions in 1 L measurffagk and make up the volume to the

mark on the neck of the flask by using glacial mcatid.

Take 0.1 g of sample oil/fat in a 250 mL flask wahstopper. Add 20 mL of carbon
tetrachloride or chloroform and shake well. To tadd 25 mL of Wij's solution stopper
the flask and shake vigorously. Allow the flaskstand in dark for thirty minutes. After
this time period add 20 mL of Kl solution and dduhe solution with 100 mL of freshly
boiled and cooled water. Titrate this solution intilag¢ely against 0.1N thiosulfate solution
gradually and with stirring. Titration is done tylellow colour of the solution disappears.
Now 1-2 mL of starch solution is added and titratéidolue colour of the solution just
disappears. A blank titration is carried out siran&ously. The same procedure and same

reagents are used only the oil is omitted.
8.5.4 Calculation lodine value is expressed as the amount of iodineg{ams)
absorbed per 100 grams of sample. According to ditarhelow-

(Vy -V, )% N %1265 %100

v %1000
w = weight of sample in gram

,= Volume of NaS,03 used in blank titration
.= Volume of NaS,0; used in sample titration

N = Normality of the Ng5,05 solution

8.5.5 Result

lodine value of given sample is g.

(Note: Express your calculated value to nearestevhomber. Make sure that the
results of duplicate experiments should not varyrtmre than 14 g iodine per 100
g of sample. If your results indicate so, repeat élxperiment again with utmost

care.)
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8.6 SUMMARY

In the above exercises you learnt estimation ofeswital compounds or functional
groups encountered in a given organic chemistryy Were made familiar with important
aspects for an accurate estimation. Preparaticewdral standard solutions and titration
using blank solutions are also discussed in praesdumportantly, preparation of very
useful Fehling’'s and Wij's solution was done. Simptalculations were done for
guantitative estimation. These estimation methods be used to detect amount of
unsaturation in a given sample of fat or presericigar in urine. You learnt to carry out
neutralization of zwitter ionic amino acids, acatidn of hydroxyl group, halogenation

reaction at the double bond etc reactions as disclis different experiments.

8.7 TERMINAL QUESTION

Short Answer type questions

Q.1 What is the change in oxidation state of copperrwhkicose is tested by using

Fehling’s solution?

Q.2 What causes the formation of red precipitate whércage is estimated using

Fehling’s solution?

Q.3 Why is it important to neutralize formaldehyde d$mno prior to titration for

estimation of amino acid?
Q.4 What is a blank titration and its use?
Q. 5Why some solutions are standardized prior to tines?

Q.6 What is a standard solution?

8.8 ANSWERS

A.1 Cu*?in sodium potassium tartarate is reduced t&' @UCwO.
A.2 Formation of CpO gives the red precipitate.

A.3 Formaldehyde contains traces of formic acid whietuires to be neutralized before

doing experiment. Hence, it is titrated with alkalineutralize it.
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A.4 In a blank titration the titration is carried ouitiva known concentration of titrant into
a solvent having no analyte.€, the substance whose concentration is to be
determined). The only difference from the regulaation is the absence of analyte.
The process helps to know the amount of reactifastance within the plain solvent to
be determined and hence allows determination of @her in future titration

experiments using this solvent.

A.5 Standardization is done to know the real concantraif the solution which is being
made for a titration experiment even though we redged a known amount of solute
to a fixed volume of solvent to prepare this sainti This is so because say for
example we wish to make a 0.1 N NaOH solution. tBig NaOH was kept in bottle
for some time and may have reacted with some spac@r (CQ) or while weighing
it may have captured some moisture. So the weigitlwwe measured is not exactly
what we had to take. Thus this solution is titraiethg an indicator to know the exact
concentration of the solution made.

A.6 A standard solution is a solution containing auaately known concentration of a
substance. A known weight of solute is dissolvedmake a specific volume of
standard solution. Standard solutions are usedetermiine the concentrations of
other solutions in titrations.
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9.5.6 Recrystallization
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9.6 Summary

9.7 Terminal question
9.8 Answers

9.9 References

9.1 OBJECTIVE

Multistep synthesis is the conversion of a commaniailable organic molecule
into desired products using organic reactions. éans that you will require devising a
sequence of organic reactions that will lead frosinaple starting compound to a desired
product compound. Apparently, multistep synthesegiire more than one step. It means
that one or more intermediate compounds are for@ty the way. On completion of the
exercises given in this unit you would be awaréuoflamental skills of organic synthesis,

how to execute organic reactions in laboratory theduse of different reaction setups etc.

Multistep synthesis problems are often very chagjileg. Hence, mental reasoning about
the solution is very important in solving thesedgmf problems. Multistep syntheses of
four important compounds representing diverse eksef organic compounds are
presented in this chapter. This will present yowieture of importance of organic

chemistry in industry and household. The reactionslved in four multistep syntheses

will boost your confidence as a synthetic chemist.

9.2ADIPIC ACID

Adipic acid or hexanedioic acid is a dicarboxylacrid with the formula
(CH2)4(COOH), and molar mass, 146.14 g-fiollt is an odourless solid at room
temperature and possesses white crystalline app=aréts melting point is 152.1 °C.
Adipic acid is highly soluble in methanol, ethanoipderately soluble in acetone and
cyclohexane whereas practically insoluble in beezgretroleum ether and acetic acid.
Adipic acid does not occur in nature. Several dmllikilogram of this compound is
synthesized annually around the world because souse for the synthesis of nylon.

Structural formula of adipic acid is givenkigure 1.
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0

HO
OH

O

Figure 1. Structural formula of adipic acid {8,00,)

Multistep synthesis of adipic acid involves twopstefirst is the oxidation of cyclohexanol
to cyclohexanone and the second one is oxidatiawydbhexanone to adipic acid. There
are methods available to synthesize adipic aciditact oxidation of cyclohexanol using
strong oxidizing agents. Multistep syntheses ofp@dacid is discussed in following

section.
9.2.1 Synthesis adipic acid from cyclohexanol

9.2.2 Chemicals and equipments required

Adipic acid, conc. HN@ 10% NaOH solution, glacial acetic acid, 5% NaQ@Glution,
saturated sodium bisulfite solution, potassiumdedistarch, anhydrous sodium carbonate,
sodium dichromate, concentrate sulphuric acid, wsadchloride, round bottom flask,

dropping funnel, thermometer, separatory funnel etc

9.2.3 Theory

Adipic acid or hexanedioic acid is primarily usedthe synthesis of nylon 6,6 for fibres
and plastics. It can be synthesized by two metheiist method involves two steps (step
1) oxidation of cyclohexanol to cyclohexanone; §s® oxidation of cyclohexanone to
yield adipic acid. In the second method, adipicdacan be directly synthesized by
oxidation of cyclohexanol to nylon 6)§a cyclohexanone in a single step. It must be
remembered that cyclohexanone is a ketone bealphg-fydrogen and thus shows keto

enol tautomerism.
9.2.4 Procedure

In this section synthesis of adipic acid by twepsbxidation is discussegFigure 2).

Cyclohexanol is oxidized to cyclohexanone usingiwodhypochlorite and in the second
step cyclohexanone is oxidized to adipic acid ugpogassium permanganate. In the
oxidation of cyclohexanol to cyclohexanone sodiwpdthlorite and acetic acid are used

which generate hypochlorous acid, the active oxidiagent.
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NaOCI/CH;COOH
or HOCI "

+ HCl+ H,0

Oxidation of cyclohexanol to cyclohexanone

Q o)

Strong oxidizing agent H
» H
KMnOy,, NaOH, HO

Oxidation of cyclohexanone to adipic acid

Figure 2. Steps involved in the synthesis of adipid from cyclohexanol via cyclohexanone
9.2.5 Synthesis

Step | Synthesis of cyclohexanone from cyclohexanol

Method i: Take 10 mL of cyclohexanol in a 250 mL conical Klasd add 15 mL glacial
acetic acid. Add dropwise 75 mL of 5% NaOCI solatiw the flask while keeping it
mildly warm at about 40-50C. Use thermometer to maintain the temperatureapKe
stirring the solution with glass rod and again kédgack in ice bath. Again add dropwise
75 mL of NaOCI solution and check with potassiumide-starch paper. If the paper does
not turn blue-violet add some more of NaOCI solut{®-5 mL) and check again. Allow
the solution to return to room temperature and i@it1l5 minutes. Add a saturated
sodium bisulfite solution until a negative potassiiodide-starch test is obtained. To
remove acetic acid add anhydrous sodium carbonakestirring until foaming ceases.
Now add 8 g of NaCl and stir for ten minutes tdtier salt out cyclohexanone. Decant the
mixture into a separatory funnel and add ether ahldromethane to extract
cyclohexanone. Collect the organic portion in aicainflask and dry by using anhydrous
magnesium sulfate. Decant this solution using anéliwith cotton plug into a conical
flask. Remove ether by heating over a water bdltle. rEsidue left should be distilled in a

distillation assembly set at 154-156 °C to getayedohexanone fraction.

UTTARAKHAND OPEN UNIVERSITY Page 160



LABORATORY COURSES -l BSCCH -204

Method ii: Weigh 20 g of NgCr,O7; add 100 mL water and 9.5 mL conca3®, in a 250
mL conical flask. Shake and cool the resulting orange red sol(@daour due to chromic
acid formed) in ice cold water to 2&; use thermometer. Pour the dichromate solution
into another flask containing 10 mL of cyclohexanol. Stir the contegésously and keep
this flask in ice bath since the reaction is exothermic. Whertemperature stops rising
allow the flask to stand at room temperature for 30 minutesisier the reaction mixture
to a 250 mL round bottom flask and add 100 mL water and few boiling. B®gbup the
distillation assembly to distil the mixture till 70 mL of tligstillate is collected. Now
extract this distillate with ether in a separatory furemed add saturated NaCl solution.
Stopper the funnel and shake well; keep releasing the pressetepil inside funnel at
intervals. Allow the funnel to stand for some time till thganic and aqueous layers
separate out. Collect the organic layer in a conical flaslshWae aqueous layer with 20
mL ether at least twice. Collect the combined ether etgraand add anhydrous
magnesium sulfate for drying. Filter and remove the ethendajing on water bath. Do
not heat directly as ether is highly flammable. Distil tHe deer residue and collect the
fraction at 154-156 °C.

Step Il Preparation of adipic acid from cyclohexanone:Weigh 8.0 g of solid
potassium permanganate and dissolve in 30-50 mL,OfiH a 250 ml conical flask. Add
8 to 10 mL cyclohexanone prepared above to the flask. Heat the enixturot plate to 30
°C. Add 1 mL of 3M NaOH solution. Stir the reaction mixture I6r20 minutes at 45 °C.
Heat the reaction mixture till you notice formation of black maega dioxide. Perform a
spot test by dipping a stirring rod in the mixture and applying to @ méfilter paper. If
the paper turns purple, then excess permanganate needs to be rEdud¢ki. purpose
add a small portion of sodium bisulfite (20 drops), stir and take spbagain. Perform
this until you get no purple colour on filter paper. Filter the mixturevacuum filter to
remove manganese dioxide. Wash with 5 mL warm water. Tratieefiltrate to a 250
mL beaker and heat on a hot plate so as to reduce the volume tomD-IEhe hot
solution is acidified with conc. HCI (1 mL) pH 1-2; check witimuus paper. Further add
1.5 mL of acid. Allow the solution to cool and then place in ice batrciystallization.

Collect the product by vacuum filtration.

9.2.6 Characterization
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The obtained white solid crystalline product is characterizeddigrmining the melting
point. Melting point obtained in the temperature range 152-155°C ieditla¢ formation

of desired compound.
9.2.7 Result:Record the weight of the dried crystals as the actul yie
Appearance = White crystalline flakes

Yield = g

Melting point = °C

9.3 AZO DYE AND SUDAN-I

Azo dyes are one of the most important colourants used in thie fextiistry. As
the name suggests these compounds contain an azo group that is —NsN-+inkkitwo
sp’ hybridized carbon atoms. Azo dyes are brightly coloured due to #semre of

extended conjugation. These are very cost effective and ntelgdestening dyes.

Sudan-I or 1-phenylazo-2- naphthol or 1-(phenyldiazenyl) naphthalé(Figare
3) is a lysochrome i.e. in hystochemical staining it is usedstaining lipids. It has an
orange-red appearance. It is used to color substances swelxess oils, petrol, solvents
and polishes. Sudan-|I was also being used to colour foodstuffasuahry powder and
chilli powder. However its use in colouring food items has Hegmed now in many
countries because it has ategory Boggrciby the International
Agency for Research on C

/N
N/

Sudan | or
1-phenyl-azo-2-naphthol

OH

Figure 3. Structural formula of azo dye, Sudan-{stG.N,O)

9.3.1 Synthesis of azo dye from acetanilide via dinie

9.3.2 Chemicals and equipments required
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Aniline, concentrate hydrochloric acid, sodium nitrifepaphthol, sodium hydroxide,
conical flask, test tube, ice bath etc.

9.3.3 Theory

An azo dye is defined by having an azo linkage (-N=N-) as pats chromophore. Azo
dyes are synthesized in two steps. First, synthesis of diazaailirfrom primary amine

and nitrous acid (HNg) prepared from sodium nitrite (NaN2and a HCI Figure 4 & 5).
Second, coupling of the diazonium salt with a strongly activatematic system such as
B-naphthol Figure 6). An azo coupling is a reaction between a diazonium compound and
an aniline, phenol or other aromatic compound which produces an azo compowed. Si
here the staring compound is acetanilide we have to firsy caut an extra step of
hydrolyzing acetanilide to aniline (primary amine) followeddigzotization and coupling.

Due to the easy availability of starting compounds here azo dye$islaynthesized.

G @®
N H @ N — » HO
Na R —_— IR, — - \ 2
0] 0 HO H.Qp) 0.
3 o N
Sodium nitrite Nitrous acid -

Nitrous oxide cation or
Nitronium ion

Figure 4. Mechanism for generation of nitronium ion

9.3.4 Procedure

Part A: Hydrolysis of Acetanilide: Take 2 g of acetanilide in a 50 mL round bottom
flask and add 5 mL water and 5 mL concentrated hydrochloric acich Edld water
condenser to the mouth of flask and place the assembly on a san#idat the reaction
mixture gently (50-60 °C) for 10 minutes and then strongly (~100 °Cih@ hour.
Heating acetanilide with acid causes hydrolysis reactionv® aniline and acetic acid.
Aniline converts to quaternary ammonium chloride salt (anilindinhoride) in presence of
hydrochloric acid. Prepared anilinium chloride can be directly fisethe second step.
Allow the reaction mixture to cool down to room temperaturg¢erAfeaching the room

temperature, place the flask in an ice bath for further mgoli
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quaternary

acetanilide aniiine chioride sait

Figure 5. Acid catalyzed hydrolysis of acetanilide

Part B: Synthesis of azo dye (Sudan-I) by diazotiz@n reaction: Take 5 mL 10%
NaNGQ; in a test tube and chill it in ice bath. Take 0.6 ¢-ofaphthol, 4 mL 10% NaOH
and 10 mL distilled water in a separate beaker. Stir the mentef beaker well till
homogeneous solution appears and then chill in ice water bath. Whaixtares are
chilled to nearly 0 °C add NaNGolution with the help of dropper to the flask containing
anilinium chloride (obtained by Part A as discussed above)tHstimixture thoroughly.
Transfer the mixture from flask to beaker containfiagaphthol, NaOH and water. Stir
continuously to avoid accumulation of red clumps. Keep the mixtuce iwater bath and
continue stir using glass rod for about 5 minutes. Filter thegit@e using vacuum pump

and wash with cold water to obtain the azo dye.

NH _ N
2 NH; C ¢/
HClI NaNOz + HCI
—>
Dlazot|zat|0n
aniline anilinium chloride Benzene diazonium
chloride
N
-+
Cl N¢

OH
NaOH
+ — éN
Coupling N
Benzene diazonium  Beta-naphthol OH
chloride OO

Sudan | or
1-phenyl-azo-2-naphthol

Figure 6. Synthesis of azo dye Sudan-I from anilinium chéorid
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9.3.5 Recrystallization

Dry the product and recrystallize in ethanol. Vacuum filkerdrystals and wash with cold

ethanol. Dry the crystals weigh and record the yield of the product
9.3.6 Characterization

The orange red solid crystalline compound is characterized byrdeiteg the melting
point. Melting point obtained in the temperature range 131-133°C ieditla¢ formation

of desired compound.
9.3.7 Result

The azo dye was synthesized by hydrolysis of acetanilidentinea followed by

diazotization and coupling reactions.
Appearance = Orange red crystalline powder
Yield = g

Melting point = °C

9.4 POLYMER INTRODUCTION

Polymers are macromolecules which have their molecutactate built from
several smaller repeating monomer units. There are both sgnémetinatural polymers.
Polymers are grown from small monomer units which are bondeth&rgey covalent
bonds. In laboratory polymers are grown by two methods namely-gsteph
polymerization (polyesters, polyamides etc) and chain growth nmolygation

(polyethylene).
9.4.1 Synthesis of nylon 6, 6

9.4.2 Chemicals and equipments required

0.35 M aqueous hexamethylenediamine, 5% (v/v) adipoyl chloride ahologxane

solvent, 20% (w/v) aqueous sodium hydroxide, beaker, glass rod) glags etc.
9.4.3 Theory

Polymers are macromolecules which are built from smalleeocotdr subunits known as

monomers. The term Nylon refers to a family of synthetic pofgméich are synthesized
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from the reaction of diamine with diacids (or the acid ch®ranalog). The numbering
system for acid (in this case “6-6") refers to the bemof carbons in the monomer which
came from the diamine and the diacid respectively. NylonFgufe 7) is a polyamide
and the polymeric chain grows by step-growth polymerization. this type of
polymerization the monomer units combine step by step tddimst dimmers then trimers

and eventually a long chain polymer.

Qu=( 3

Figure 7. Structural formula of Nylon 6,6

9.4.4 Procedure

NH,
HZN/\/\/\/ o 0
NaOH Hy
1,6-hexanediamine —— Cs + HCI
o N N C
+ H H Hy,
Cl
Cl
Nylon6,6
o

adipoyl chloride
Figure 8. Synthesis of Nylon 6,6

Nylon 6-6 is formed from a condensation reaction between hexamethjdenine and
adipoyl chloride Figure 8). Since the reaction occurs at the interface of two inmbiesc
solutions it is called interfacial polymerization. It is alyamnide used as fibre in

applications such as carpeting and clothing.

9.4.5 Synthesis

Weigh 1.5 gram of 1,6-hexanediamine and dissolve in 25 mL of watebeaker (gives
0.35 M ag. hexamethylenediamaine solution). Take 1 mL of adipoytiddland 19 mL
of cyclohexane in a 50 mL beaker and mix them by stirring wehksgrod (gives 5 vol%
adipoyl chloride). Weigh 5 g of sodium hydroxide pellets and dissolve ip @water
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(gives 20 wt% aqueous sodium hydroxide) in another 50 mL beaker. Addof® af
sodium hydroxide solution to a separate beaker containing 10 mL of
hexamethylenediamine solution (say beaker A). Cover the mérgabeakers containing
solutions with a watch glass. Take out 10 mL of prepared adigdgtide solution in
another beaker (say beaker B). Carefully add adipoyl d@molution from beaker B to
the beaker A (solution of hexamethylenediamine and sodium hydroxide)tamell of
latter. A polymer film is formed immediately at the irfiéee of the two solutions. Use
forceps to break the nylon free and pull the wire upwards as angounsly forming rope.

Dry it on filter paper and wash it with water and acetone aypdgin.
9.4.6 Result

Nylon 6,6 was synthesized by condensation reaction between

hexamethylenediamine and adipoyl chloride.
Appearance = off white fibers

Yield = g

9.5 ASPIRIN

Aspirin (acetyl salicylic acid or 2-acetoxybenzoic aéigjure 9) was first derived
from salicylic acid which is present in bark of the willtnge Salix albg. Aspirin is one
of the most widely sold over-the-counter drug. It has the abibtyreduce fever

(antipyretic), to reduce pain (analgesic), and to reducelisgieboreness, and redness

0 OH
O\H/CH3
0o

Aspirin or 2-Acetoxybenzoic acid

(anti-inflammatory agent).

Figure 9. Structural formula of aspirin (B0,)
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9.5.1 Synthesis of aspirin

9.5.2 Chemicals and equipments required

Salicylic acid, acetic anhydride, concentrate sulfuric aciel,cold water, conical flask,

beaker, Buchner funnel etc.

9.5.3 Theory

Aspirin is synthesized by acetylation of salicylic acid usaegl as a catalyst. That is an

acetyl group is introduced into the hydroxyl group.
9.5.4 Procedure

Aspirin can be synthesized in laboratory by reaction of salicglkid with acetic
anhydride, using concentrated sulfuric acid as a catdiygtre 10). Phosphoric acid is

generally used as the catalyst but since it is a very thazsaichemical so it is avoided.

O~y HC Oy _OH CHs Oy__OH
Q) NV | CHj
/7 Xc=o0 -H .. .- .
of JTo—— G—C-G7 — 6—4.
§) |‘) Q
\ 0
Cc=0 \
Salicylic acid C=0 Aspirin 0
Y HaC ] C/ Q\
Acetic anhydride 8 c=0
H5C
Acetic acid

Figure 10. Probable mechanism involved in the sysithof aspirin from salicylic acid

and acetic anhydride

9.5.5 Synthesis

Weigh 4.0 g of salicylic acid and put in a conical flask. Gdiefadd 6 mL of acetic
anhydride to the flask. With extreme caution add five drops ofesdrated sulfuric acid
to the flask. Heat the contents of the flask for 20 minuiés e@ntinuous stirring on a hot
water bath. The entire solid must completely dissolve. Rerttevélask from water bath
and allow it to cool to room temperature. As cooling proceeds famaf crystals should
occur; do not disturb the flask during this time. After crysbamfation ceases add 40 mL
of ice cold water to the flask. Water dissolves unrehetetic anhydride and and cause
precipitation of insoluble aspirin. Collect the crystals Wiydiion using Buchner funnel.
Wash them with cold water and then ethanol. Dry the crystalample and weigh. If
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crystal formation does not occur spontaneously on cooling then posoltii®n in a 250
mL beaker and add 40 mL of ice water and mix thoroughly. Now plecédaker in ice

water and let it sit undisturbed until crystals have grown.

9.5.6 Recrystallization

The crude product obtained above often contains impurities such siitieg products
and products from the side reactions. To get the pure compoundedéanearry out the
process of recrystallization of the crude product. Dissoldeg2ef the product in 20 mL
ethyl alcohol in a 125 mL conical flask. Warm the flask contenta/ater bath to speed up
dissolution of the compound. Do not use direct flame to heat dask fince it contains
ethyl alcohol which highly flammable. If any solid impurity stéimains then filter the
solution. Add 30 mL of warm water to the flask and keep it asid®ol. Soon colourless

crystals of aspirin are obtained which can be collected togtidn.
9.5.7 Characterization

The colorless needles like crystal are characterized brndming the melting point.
Melting point obtained in the temperature range 135-138 °C indithéeformation of

desired compound.

9.5.8 Result
Aspirin was synthesized by by reaction of salicylic acithwicetic anhydride.
Appearance = Colourless needle like crystals
Yield = g

Melting point = °C

9.6 SUMMARY

In this section multi step synthesis that is involving ntbes two steps were done.
These incorporated synthesis of some very important compounds sachps acid,
nylon, azo dye and aspirin which are now used commercially world Adgpic acid is
used in synthesis of polymers and azo dyes are used widely usedaotl Discovery of
nylon changed the scenario of textile industry and is known to be adakdahscovery.

Similarly, laboratory synthesis of aspirin is an importantcaiery in the field of
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medicine. Aspirin is one of the most widely used drugs by theses. Thus these are

important reactions for gaining an insight into commerciallsgis of the above products.

In these experiments you learnt to carry out important orgamsftianations such as
diazotization, coupling and condensation reactions; oxidation reaction oheyenol and

cyclohexanone. These reactions are very useful in a numbegasfio transformations.

9.7 TERMINAL QUESTION

Short Answer type questions

Q.1 What precautions should be taken while working in a chemical laboPatory
Q.2 What is the reactive species in the process of diazatiZati

Q.3 What is an acetyl group and an acetate group?

Q.4 1UPAC name of adipic acid

Q.5 How is nitrous acid generated for diazotization reaction?

Q.6 Nylon 6,6 is formed by interfacial polymerization. What does riesin?

9.8 ANSWERS

A.1 The following precautions must always be taken
i. Wear lab coat at all times.
ii. Use goggles wherever needed.

iii. All chemicals must be handled with gloves on because ofdeem are corrosive, may

cause itching while some may cause severe damage to skin.
iv. Acids should always be handled with utmost care.

v. Substances which are sensitive to moisture and flammalsé lme used carefully in

inert atmosphere and the glassware/ solvents being used shauoichbletely dry

vi. Before using any chemical for an experiment consult the M@DBerial Safety Data

Sheet) sheet for its detailed information.

vii While reducing the volume of a reaction mixture alwagsrmin mind the solvents

present in the mixture. Those solvents which have low boiling pointeofizanmable

UTTARAKHAND OPEN UNIVERSITY Page 170



LABORATORY COURSES -l BSCCH -204

must be warmed gently only on water bath and temperature should Gensebnising

a thermometer.
A.2 Nitrous acid
A.3 CH3CO is acetyl group and (GBO)O is acetate group.
A.4 Hexanedioic acid.

A.5 It is generatedh situ from sodium nitrite and a strong acid, such as hydrochloric acid

or sulfuric acid.

A.6 During the synthesis of Nylon 6,6 the polymer is formedhatinterface of two layers

viz. organic layer and aqueous layer hence it is called intalHaaiymerization.
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UNIT 10: PHASE EQUILIBRIA

CONTENTS:
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10.6 Terminal questions
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10.1 OBJECTIVES

After reading this unit you should be able to

(a) Explain the phase separation of liquid mixtures due to partiallitigc

(b) Explain the effect of temperature and composition on the sdjubitnit of two
partially miscible liquids.

(c) Define critical solution temperature (CST).

(d) Construct a phase diagram of a two component condensed systemqoidaphir
(phenol and water).

(e) Interpret a phase diagram of a two component condensed system @ienalter).

(f) Explain the effect of impurities on Critical Solution Tengiare (CST).
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10.2 INTRODUCTION

Two liquids can be mixed together to form one of the following system

(a) The two liquids are completely miscible like alcohol and water
(b) The two liquids are partially miscible like phenol and water.

(c) The two liquids are practically immiscible like carbon disulptadd water .

These systems are called condensed systems in which the véyaserip ignored and
only solid and/or liquid phases are considered. The pressumnsidered to be 1 atm
while the temperature and concentration are the only variableshwhin be changed
independently.

Upper Consulate Temperature

One Phase

208°C

Two Phases Two Phases

Miscibility Temperature / (°C)

Miscibility Temperature / (°C)

Miscibility Temperature / (*C}

60.8 2(

Lower consulate
temperature One phase

Pure A Pure B
S Pure B Composition
Ll Pure.B Composition

Composition

Figure 1. Liquid pairs exhibiting upper and lowansulate temperatures.

The condensed phase rule for such a two system is given byCRP1F=

Where P is the number of phases, F is the number of degréesddm and C is the
number of components. Two partially miscible liquids may becameptetely miscible at

a higher temperature and the two phases become one homogeneous pimse. T
miscibility temperature is different for different compamits of the mixture. The highest
miscibility temperature is called the upper critical soltitemperature. Above this
temperature all compositions of this mixture are completeiscitvle. Lower critical
solution temperature is the lowest temperature below whickdhmgponents are miscible

in all proportions. Liquid pairs exhibiting upper and lower consulatgpéeatures are
depicted in Fig. 1.
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10.3 ICST: TO CONSTRUCT THE PHASE DIAGRAM OF
PHENOL-WATER SYSTEM

10.3.1 Chemicals and apparatus required
Phenol- 8 g and distilled water. Test tube, beaker (259, aneasuring cylinder, cork
stopper carrying a thermometer, an aluminium stirrer anclkebe

10.3.2 Principle:

The phenol-water system is an example of partially misdidpeds. When a temperature-
composition diagram of the phenol-water system is drawn, thE& E€Bperature is

represented by a maximum in the mutual solubility curve. Thiss @alled the upper
consulate temperature. The temperature-composition diagramesfolpivater system is
shown in Fig. 2

Onee liguid phase

Upper Consulate Temparature

89 111% Phenol 3% Phenal

50 1§

a0 4

id T Hoguid phases

Temperature at complete misclbiliey | °C |

] 1 il o) &0 50 &0 T B 50

Compesition of phenolin water {3 by volume)

Figure2. Temperature-composition diagraf phenol-water system
The miscibility temperature at each composition is plottegite curve ABC. At origin,
the system is 100% water. Adding known increments of phenol tea fieight of water,
maintaining the temperature at°g0) will result in the formation of a single liquid phase

(water with dissolved phenol). This continues till pantAfter pointa, a minute amount
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of a second phase appears. The concentration of phenol at thisspdift by weight of

phenol in water.

As the quantity of phenol is increased the amount of phenol-rich pinaseases and the

amount of water-rich phase decreases. Once the totalrtoatoen of phenol exceeds 63%

at 50C a single phenol rich liquid phase is formed; point d in Fig. elfprepared a

system containing 24% by weight of phenol and 76% by weight of wattequilibrium

we will have two liquid phases. The upper layer would have a catigmosch in water
while the lower layer would have a composition rich in phenol.

Within the area ABC two liquid phases are in equilibrium welcreother. One phase is

water saturated with phenol and the other is phenol sadusdtie water. Outside the ABC

curve, there is only one phase. Any point on the curve ABC mmseshe saturated
homogeneous phase. This is a condensed system of two componemisagdeule may
be expressed as F=C-P+1. Outside the area enclosed by thencunber of phases, P, is

1 and the number of degrees of freedom, F, is 2.

10.3.3 Procedure

1. Take 9 dry test tubes and label them 1 to 9. Weigh 1, 2, 3, 4,7,86and 9 g of
phenol and transfer each to a test tube. Add 9, 8, 7, 6, 5, 4, 3, 2 .cafidof water in
each test tube such that the total weight of the mixturedh &t tube remains 10 g.
This gives you a composition range of 10-90% by weight of phenol.

2. Stopper the tube with a cork carrying a thermometer and a stirre

3. Keep the first tube with 90% by weight of phenol in a beakeragaing water. Stir the
contents. You will observe turbidity. Heat the beaker graduatlythe contents of the
tube until turbidity disappears forming a homogeneous layer. Notéethperature
when this occurs.

4. The mixture is allowed to cool with constant stirring. The tewjpee at which two
layers appear or turbidity appears again is noted. The meatheothese two
temperatures gives the miscibility temperature of the phar@dér mixture.

5. The procedure is repeated with the second test tube containing 8@%&idiyt of
phenol. The miscibility temperature is noted for this mixture.

6. Repeat the procedure for mixture containing 70, 60, 50, 40, 30 and 20%iddyt of
phenol.

7. Record your observations as shown in Table 1.
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8. Plot temperature of complete miscibility against weight %pdfenol in water. This
gives the phase diagram of phenol-water system. The csidafion temperature of
phenol-water system and the critical composition can be obtdined the phase
diagram.

10.3.4 Observations and calculations:

Tablel. Temperature of complete miscibility of omi$ of varying weight percentage of

phenol in water

Wt. % Phenol | Phenol Volume of | Temperature of Mean miscibility
@ water (crf) complete Temperature
miscibility
(*C)
(°C)

Heating | Cooling

10.3.5 Result

The critical solution temperature of phenol-water systeniG

The critical composition = % phenol in water .

10.4 STUDY OF EFFECT OF NaCl/SUCCINIC ACID ON CST
OF PHENOL-WATER SYSTEM

10.4.1 Chemicals and apparatus required

Phenol-8 g, succinic acid and distilled water.Test tubmk cstopper carrying a
thermometer, an aluminium stirrer and a beaker.

10.4.2 Principle

Presence of impurities in the phenol-water mixture affeces ¢hitical solution
temperature. If the impurity is soluble in both the liquite CST is lowered. The

impurity keeps distributing itself between the two conjugatatisms and increases the
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mutual solubility of the liquids. An example is when succimitlas added to the phenol-

water system. If the impurity added is soluble only in one ofitheds then the CST is

raised for eg. addition of NaCl or KCI raises the CSThefgthenol-water system.

10.4.3 Procedure

1. Prepare 250 chof 0.2 M succinic acid solution.

2. Transfer 10, 20, 30, 40 and 50 tof this solution into five dry 100 ctrvolumetric
flasks and make up with distilled water to get 0.02, 0.04, 0.06, @&n@80.10 molar
solutions of succinic acid, respectively.

3. Determine the miscibility temperature using 5 g of phenol and 5afr0.02 molar
succinic acid solution.

4. Repeat the experiment using 5 g of fresh phenol and 5afneach of the other
concentrations and also an unknown solution. Record your readingsvas ishTable
2 and Table 3.

5. Plot a graph of miscibility temperature against concentratignihenol-water system for
each concentration of succinic acid (Fig.3). Determine the @$henol-water system
for each concentration of succinic acid. Determine the CSheofgiven solution of
unknown concentration also.

6. Plot a graph of CST against concentration of succinic acid4{Fié\ linear plot is
obtained. The concentration of unknown solution of succinic acid is obtaoradhe
above graph by extending a straight line from the CST of unkrsmlution of succinic
acid on Y axis and dropping a perpendicular from the point wherenthets the

straight line to the X axis.

Temperature/°C

100 % watet
0% phenol

0% water Composition

100% phenol

Figure 3. Effect of NaCl/succinic acid on CST bépol-water system
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Critical Solution Temperature / (°C}

X
Concentration /M

BSCCH -204

Figure 4. Plot of CST of a Phenol-Water system rgjaioncentration of succinic acid

10.4.4 Observations

Table 2. Miscibility Temperature of Phenol-Watestsyn for each concentration of succinic acid

solution

Concentration(M)

of succinic acid solution

Wt % Phenol

Miscibility temperaturéQ)

0.02

0.04

0.06

0.08

0.10

Table 3. Critical Solution TemperaturéC) of phenol-water system for each concentration of

succinic acid solution

Concentration

(M)

0.02

0.04

0.06

0.08

0.10 unknown

Critical
Solution

Temperature
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(*C)

10.4.5 Result

The critical solution temperature of phenol-water system guonta succinic acid is

The concentration of succinic acid in phenol-water system congaunknown amount of

succinicacid is ...........

10.5 SUMMARY

In this unit you have studied that the phase separation inllyamiacible liquid pairs
depends on temperature and composition of the liquid mixture. Criichltion
temperature is the highest or lowest point on the mutual sojulsiitve of liquid
mixtures. The upper critical solution temperature (upper constéutperature) is the
highest temperature at which phase separation occurs. Abovertipsrature, the two
components are fully miscible. Some systems show a lositarat solution temperature
(lower consolute temperature), below which they mix in all progastand above which
they form two phases. An example is water and triethylaming@lof of miscibility
temperature versus composition gives miscibility curve ohpheater system. The area
under the curve has two phases coexisting while only one phaseimtistsarea that is
not enclosed by the curve in the phase diagram. Presenceuwities affects the critical
solution temperature eg. presence of succinic acid increhee€ST of phenol-water

system.

10.6 TERMINAL QUESTIONS

1. Which phase is ignored in a condensed system of water-phenol?

2. Define critical solution temperature.

3. Define degree of freedom.

4. Can partially miscible liquid pairs have more than one alitiemperature? Give an
example.

5. What is another name for Critical Solution Temperature in preamblwater system?
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6. If we prepared a system containing 24% by weight of phenol and 76% igkitvoé
water, at equilibrium which two layers will coexist?

7. What factor affects the solubility of two partially miscidiguids in a condensed
system?

8. How does impurity affect the CST of a pair of two partiallgaible liquids?

9. What is the maximum number of phases that can co-exist in &-simgponent
condensed system, if degree of freedom is zero?

10. How many phases exist in the region enclosed within the curve iivdredjagram?

Miscibility Temperature f {C)

Pure & Pure B
Compasition

10.7 ANSWERS

1. The vapor phase is ignored and only solid and/or liquid phases are cedside

2. Critical solution temperature is the highest temperattiex which a pair of partially
miscible liquids becomes completely miscible.

3. Degree of freedom is defined as the number of intensive vesidiitt can be changed
independently without disturbing the number of phases in equilibrium.

4. Yes. An example is nicotine-water system. It has a l@n#cal solution temperature
of 61°C and an upper critical solution temperature of 210

5. The upper consulate temperature.
The upper layer would have a saturated solution of phenol ar waile the lower
layer would have a saturated solution of water in phenol.

7. Temperature
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8. If foreign substance is soluble in only one of the two components @othbility of
foreign substance is very different from the two componentantiteal solubility of
the mixture will decrease and causes the upper critical @oltemperature to raised
and lower critical solution temperature is lowered. For exantipdeaddition of foreign
substances like salts can reduce the miscibility of waatdrphenol. This will cause the
water molecules to hydrate the salt ions, reducing the nepdsf water molecules to
solvate the phenol. On the other hand, if the foreign substancarnassslubility in
both components, the mutual solubility of mixture will increase thedupper critical
solution temperature will be lowered and the lower criticdlitton temperature will
be raised. For instance, when succinic acid is added to pheresliwiature.

9. The phase rule may be expressed as F=C-P+1.
0=1- P+1
P=2

10. Two.
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UNIT 11: PARTITION COEFFICIENT

CONTENTS:

11.1 Objectives

11.2 Introduction

11.3 Determination of partition coefficient of iodine in watetrachloromethane
11.3.1 Chemicals and apparatus required

11.3.2 Principle

11.3.3 Procedure

11.3.4 Observation

11.3.5 Calculations

11.3.6 Result

11.4 Determination of association factor of benzoic acid in benzgwlistribution method
11.4.1 Chemicals required and apparatus required:

11.4.2 Principle

11.4.3 Procedure

11.4.4 Observations

11.4.5 Calculations

11.4.6 Result

11.5 Summary

11.6 Terminal questions

11.7 Answers

11.1 OBJECTIVES

After studying this unit you should be able to

1. Understand the concept of partition equilibrium of a solute betiwee phases.

2. Define Nernst distribution.
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3. Calculation of partition coefficient of a solute distributed bemvavo phases.

4. Determine the distribution coefficient of iodine betweenewand CC) at room
temperature.

5. Determine the distribution coefficient of benzoic acid betwester and tolueneat

room temperature.

11.2 INTRODUCTION

Partition equilibrium is the phenomenon of a solute distributselfibetween two
distinct phases in contact with one another, Fig.1. The two phaskshe gas and liquid
or two immiscible liquids. According to Nernst distribution lawhem a liquid or solid
substance is added to a mixture of two immiscible liquidsrdkio of the concentration of
solute distributed between two immiscible solvents at a giverpeeature is a constant

and does not depend on the amount of the solute used i.e.
Kp = Gi(Phase 1)/&(Phase 2)

Where G and G are concentration of similar molecular species in the two
immiscible liquids 1 and 2 at a constant temperatugeskalled the partition coefficient

or distribution coefficient.

Separating funnel
: —_—_—_—_-_ : :__ Water Ligquid X
eses - —T—“—-ﬁ:_ lodine molecule Ligquid Y
A A8l - 'u.. D
== Carbon
St _/ Tetrachloride

Figure.1. Distribution of iodine between® (X) and CCJ(Y)

If more of the solute is added to the system, the solute siifilolite itself between the
immiscible liquids so that the ratio of the solute concemtnatemains the same at
constant temperature independent of the total quantity of soluteeisame molecular
state. The important condition for the above law to hold is tleasoblute is in the same

molecular state in both the liquid phases.
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Validity of the law:

1. Temperature and pressure should remain constant throught the exyperim
2. Equilibrium stae should have been attained.

3. Neither solution should have reached the saturation state

4. The two liquids should be immiscible.

5. The molecular stae of the solute should be the same in bo#tyéhns |

11.3 DETERMINATION OF PARTITION COEFFICIENT OF
IODINE IN WATER/ TETRACHLOROMETHANE

11.3.1 Chemicals and apparatus required

Potassium dichromate, sodium thiosulphate (0.1N and 0.01N), potasxiige, istarch
indicator, iodine, CGl and distilled water. Well stoppered reagent bottles (156,cm

burette, pipettes, conical flasks and porcelain troughs.
11.3.2 Principle

This experiment is an example of a partition system involvisgidution of } between

an aqueous phase and a water immiscible organic phase nanbely terachloride.

2@ = I2 cca

K=[12 @aq)/ [1 2 (ccia] = 0.0116

Solvent CCJ remains in the lower layer as it is denser than watee. fon-polar Jis
more soluble in the nonpolar organic solvent than in the highly pdleerdpwater. The

amount of } in both the layers is analysed by titrating aliquots pioetiut from each

layer with standardized sodium thiosulphate using starch astimdica
11.3.3 Procedure

1. Label three bottles I, Il and Ill. Make the following mixtureseiach bottle as given in
Table 1 and shake the bottles in a mechanical shaker for abdwuanPlace the

bottles in a water trough for 20 minutes to attain equilibrium.
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Table 1. List of Amount of iodine in CCl4 and watemake various mixtures

Bottle No. | Contents

20 cn? of saturated solution of iodine in CC¥ 200 cni of distilled water

25 cnt of saturated solution of iodine in CC# 250 cmi of distilled water

30 cn? of saturated solution of iodine in CC# 300 cni of distilled water

Standardize thiosulphate solution with the help of standard potaséitmomate
solution and repeat the titrations for concordant readings as shdwabli 2.

Pipette out 5 criof the CC} layer from bottle | into a conical flask and add 2G'cm
of distilled water. Add 2 cthof 10% KI solution. Titrate this solution against a
previously standardized 0.1N thiosulphate solution using starch astordiche
end point is the disappearance of blue colour. Repeat theiragpérto get
concordant values. Record your readings as shown in Table 3.

Now pipette out 25 cfof the aqueous layer from bottle I. Titrate this solution
against a previously standardized 0.1N thiosulphate solution usingh saarc
indicator. The end point is the disappearance of blue colour. Riageatperiment

to get concordant values. Record your readings as shown in Table 4.

5. Tabulate your readings as shown in Table 5 to determine K

6.

Repeat the above procedure for bottle Il and 111

11.3.4 Observation:

Table 2. Titre values for standardization of soditmwsulphate

Volume of KCr,0; | Burette reading /ct Volume of sodium

cm®

Initial Einal thiosulphate/ crh
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20

20

Table 3. Titre values for titration of lodine presén organic layer with thiosulphate in bottle |

Bottle

Volume of CQ
layer/ cni

Burette Reading / cfn

Initial

Final

Volume of
Thiosulphate

cm®

Table 4 Titre values for titration of lodine presémaquueous layer with thiosulphate in bottle |

Bottle

Volume of

cm®

aqueous layer Initial

Burette Reading/ chn

Final

Volume of

Thiosulphate

cm

Table 5 Determination of dissociation constagt K

Bottle Layer Volume of Thio | Strength of4 | Kp = G/C,
cm®
CClq4
Agueous
I CCly4
Agueous
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[l CCl4

Aqueous

11.3.5 Calculations

A. Standardisation of sodium thiosulphate solution
N1 % V1=N3 x V>

N;= concentration of KCr,Oy

V1= volume of KCr,Oy

N,= concentration of sodium thiosulphate

Vo= volume of sodium thiosulphate

— NaazaWVa
NZ_ Va2

B. Aqueous Phase

I+ 2 $05% = 2I'+ S0

N1 % Vi=Nj xV>

N;= concentration of,lin the aqueous layer

V= volume of }in the aqueous layer

N,= concentration of thiosulphate solution

Vo= volume of thiosulphate solution used in titration of aqueous layer

The volume of sodium thiosulphate consumed in the titration is &guivto the amount

of iodine present.

Equivalent weight of iodine =

Concentration of iodine in aqueous layes]lo = .... N
C. Organic Phase

N1 x V1=N, x V>
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N;= concentration of;lin the organic layer

V.= volume of } in the organic layer

N,= concentration of thiosulphate solution

Vo= volume of thiosulphate solution used in titration of organic layer
Concentration of iodine in organic layen]ficyu= .... N

The volume of sodium thiosulphate consumed in the titration is equivid the amount

of iodine present.
Kp =N [I2]n20/N[I 2] ccia
11.3.6 Result:

The distribution coefficient of iodine between ¢G&hd water is found to be.............

11.4 DETERMINATION OF ASSOCIATION FACTOR OF
BENZOIC ACID IN BENZENE BY DISTRIBUTION
METHOD

11.4.1 Chemicals required and apparatus required
Benzoic acid, benzene, sodium hydroxide solutions (0.1 N and 0.02 N), pheneiphtha
indicator and distilled water. Well stoppered reagent {80 cm), burette, pipettes,

conical flasks, and porcelain troughs.
11.4.2 Principle

According to Nernst distribution law, the ratio of the conceiunabf solute distributed
between two immiscible solvents at a given temperaturectnatant irrespective of the
total amount of the substance. The distribution law breaks dowrs@s ezhen the solute
does not have the same molecular species in the two solvenexafmple of such a

system is the distribution of benzoic acid in water and t@uen

The hydrogen bonds formed between benzoic acid molecules are sttbagethe
interaction between benzoic acid and toluene molecules. Therd®reoluene cannot
solvate each molecule of benzoic acid efficiently and thezdfenzoic acid tends to form

large amounts of dimers when dissolved in toluene, Fig. 2. The ambun&ssociated
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benzoic acid molecules is relatively less in toluene. In @gueolution, the hydrogen
bonds formed between benzoic acid with water molecules are strotigen bonds
formed between benzoic acid molecules. Therefore in aqueousosplbenzoic acid
doesnot associate. Also, dissociation of benzoic acid in watdrecamored since benzoic

acid is a weak acid (k= 6.3x 10° mol dm°).

C/?C]oolool H—O\CD
\o—~u ...... o// \ /

Figure.2. Dimer of benzoic acid

Let C, be the concentration of unassociated benzoic acid in water. Anble Ghe
concentration of benzoic acid in solvent in which it assoctatésrm mainly dimers. In
this solvent there will be an equilibrium between the asttiand simple miolecules.
Let G (1w) and Ga be the concentration of simple and associated molecules afibenz

acid in the second solvent respectively which are in equilibriitmemch other.

In aqueous solution, there is no association. Also, dissociat@acicdtan be ignored since

benzoic acid is a weak acid{& 6.3x 10° mol dmi®).

If a is the association coefficient of benzoic acid in toluena the

2CsHsCOOH (water) = (CsHsCOOHY), (toluene)
C, (1) Y2 Ga
__ 5Ga
[C,-a))’

[CGHSCOOHlotaI = [CGHBCOOH]free + [CGHBCOOH]associated

G 1) Coa
CsHsCOOH (toluene) =  CsHsCOOH (aqueous)
C,(1-a)
C
K. = Ci
C,1l-a)
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= 2Ga
[C.A-a))

a is a constant at fixed temperature

:Cz(l—a):w/cz:f =K'/C,

K — Cl — Cl
° c,l-a) K,

Cl

=

C./\/ ¢, = Constant

=2 = KK =K’

11.4.3 Procedure

1. Weigh 1 g of benzoic acid and transfer it to a well stoppeerdgdmpttle.

2. Add 100 cni of water and 50 cfrof benzene into the same bottle.

3. Shake the contents for 30 minutes and leave the bottle in atveatgh for 20 minutes
for attainment of equilibrium.

4. Now pipette out 5chof benzene layer into a conical flask containing about 0ofm
water. Titrate this against 0.1N sodium hydroxide solution using pbiehalein as
the indicator.

5. Pipette out 20 criof the water layer and titrate against standard 2.8 sodium
hydroxide solution.

6. Tabulate your readings as shown in Table 6.

7. Repeat the above procedure by taking 2 g of benzoic acid.

8. Repeat the procedure for other bottles also and calculai&@Cas given in Table 7

11.4.4 Observations

Table 6. Bottle | Titre readings for benzoic acersus sodium hydroxide in organic and aqueous

layer

Volume of benzen¢ Volume of NaOH Volume of aqueous Volume of NaOH
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layer /cnt cm layer/ cm cm

20

20

Table 7. Tabulation to calculatelﬁ"(: P

Ci (M) C (M) Ci/C;, Ci/Ve,

11.4.5 Calculations

Concentration of benzoic acid in aqueous layerC......... M
Concentration of benzoic acid in toluene laygeC.......... Moles/2
K=Ci/\Vi2= oo,

11.4.6 Result

The association factor of benzoic acid in benzene /watemsyste......... .

11.5 SUMMARY

A number of varying mixtures of solute in two immiscible solverngseanmade in
reagent bottles, shaken and left to attain equilibrium. Tmeantration of the solute in
each layer was determined by titration with a suitabtartitusing appropriate indicator.
According to Nernst distribution law, the partition coefficiehttee solute is the ratio of
concentration of solute in solvent 1 to solvent 2 at constant tatoper Two cases were
studied. In the first case i.e. distribution of iodine betweater and CGlthe molecular
species in both solvents is similar. In the second caselfdisin of benzoic acid in water
and toluene) the solute associates to form dimer in the orgalvent. Corrections were
applied in order to determine partition coefficient of fre@zoéc acid in water and
toluene. Then K = CNC,, where K is a constant combining the partition coefficient and

the association constant andi€the concentration of unassociated benzoic acid in water.
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11.6 TERMINAL QUESTIONS

State the principle of partition equilibrium.

Name the law which governs the distribution coefficient of solbétween two
immiscible solvents.

A weakly acidic drug would be expected to have a higheilision coefficient from

an acidic aqueous solution. Explain.

How can partition coefficients be useful in considering druggti®n across the
gastrointestinal tract ?

State the relationship between distribution coefficient andlalision law. What is the
condition for distribution coefficient ito be equal to the distribution ratio?

Define hydrogen bonding.

7. What would be the effect of a salt on the distribution of acetid between water and

ethyl acetate?

What is the difference between distribution of iodine betweater and CGland
distribution of benzoic acid between water and toluene?

A monocarboxylic acid, A, dimerises in benzene. How would you remrdbe

partitioning of acid A between water and benzene?

10.What is the colour of a solution of iodine dissolved in £2ClI

11.7 ANSWERS

1.

Partition equilibrium is the phenomenon of a solute distributingf iteetiveen two
distinct phases in contact with one another. The two phases lm®uWo immiscible

liquids.

2. Nernst distribution law.

A partition coefficient considers only a single specific forfnaodrug whereas the
distribution coefficient considers the total analytical conegioin. Under acidic
conditions a weakly acidic drug would have a greater proportion iartiegised form

whereas the opposite would be true for a basic drug. As the unionisadwiitr

typically prefer the hydrophobic phase the distribution coeffidienthe acidic drug

will be higher from acidic conditions

Partition coefficients are useful for indicating whether passliffusion of a drug

across a membrane is possible. Partition coefficients cansbd to understand
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whether drug can passively diffuse across a membrane sudte amstrointestinal
tract. This is because the drug molecule must first fmartitom the gastrointestinal
fluid into the lipid environment of the membrane and then partitiontheubther side
of the membrane in to an agueous environment.

5. Kp= [X]org/ [X]aq

Now consider the extraction of benzoic acid from an aqueous solutiaddion of
ether. Benzoic acid is slightly ionized in aqueous solution. So semepic acid exists
in ionic form in water phase. So quantitative separation is nailpesA term called

distribution ratio, D, takes solute in all its forms in the fphases.
GHsCOOH = GCHsCOO + H
The ionization constant,Ks given as
Ka = { [CeHsCOO]aq +[Haq} [CeHsCOOHL
D= [GHsCOOH]y¢ [CsHsCOOH + GHsCOQO Jaq
The relation between D ang ks then given by
D= Ko {1+ (Ka/ [H]ag}
Therefore when [Haq>> Ko, D is nearly equal to i

6. Itis an electrostatic force of attraction between a tyein@atom covalently bonded to
a highly electronegative atom like oxygen, nitrogen or fluorimel @nother highly
electronegative atom nearby.

7. It will decrease the solubility of ethyl acetate in tijgeous phase.

8. In the first case the solute, Is present in the same form in both the solvents while in

the second case the solute, benzoic acid, dimerises in thecosgasnt.
9. Avencenc™ ¥ Ao

KD”

Awater

Where, kis dimerisation constant ang,ks the partition coefficient.

10.Violet.
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UNIT 12: PHASE DIAGRAM OF SIMPLE EUTECTIC
SYSTEM

CONTENTS:

12.1 Objectives

12.2  Introduction

12.3 To construct phase diagram for a two component eutectic sgétersorcinol and
benzoic acid

12.3.1 Chemicals and apparatus required

12.3.2 Principle

12.3.3 Procedure

12.3.4 Observations

12.3.5 Results

12.4 To conduct phase diagram for a two component eutectic systeaphthalene and
benzoic acid

12.4.1 Chemicals and apparatus required

12.4.2 Procedure

12.4.3 Observations

12.4.4 Result

12.5. Summary

12.6 Terminal questions

12.7 Answers

12.1 OBJECTIVES

After completing this unit you should be able to understand

1. A two component binary
solid-liquid simple eutectic phase.
2. Meaning of eutectic point and
eutectic composition.
Reduced phase law.
Effect of amount of one

component say B on the melting point of another component say #ase of a
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system comprising of A and B, where A and B are immisciblenwdwids and
miscible in the liquid or melt phase and vice-versa.

5. The concept of latent heat of
fusion.

12.2 INTRODUCTION

A solid/liquid system with the gas phase absent is called a esedeystem. The
experiments are carried out at constant pressure (usually pdtenizs pressure). The
reduced phase rule applicable to such system is F=C-R+i4.tfle minimum temperature
that can be reached by the system with solid A, B and solutiequilibrium. This
temperature is calleglutectic temperaturéit this point, F =3 - P =3 - 3 = 0. The general
phase diagram of such a two component condensed system is shoeifig.1. The two
components A and B are completely miscible in the liquid statktheir solution on

cooling yields only pure A or pure B as solid phases.

Ta A a €
B
: : solution of A and B Ts
rlo N
|
|
¥ 1 |
w I |
E : |
|
§ Tyl-———t___3b | solid B
i) soidA | A\ -
= ; | .
o | | | solution of A'B
solution B/A I [
Te : 1 =
| | B
solid B/sobd A | solid A/ solid B
I
L
1 i
100% A X Y e 100% B

Composition

Fig. 1. Diagram of a simple eutectic system.

The area above the curve AE and BE represents the two compdnants B as liquid

solutions of varying compositions.

F=C-P+1=2-1+1=2
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The degree of freedom is two which means that to define temsyat any point above the

curve AE and BE, both temperature and composition have to be sgecifi

On cooling, the A/B solution at a poiatin the area above ABC, the cooling line meets
the curve AE say at a’. At this point, A separates as soid the equilibrium shifts down
along the curve AE. The change of composition and temperature cortihtieseutectic
point E is reached, when solid B separates. Thus in the area AElawd above d, there

exists two phases viz solid A and solution A/B and the systdimasiant.
Curve AE: The freezing point curve of A.
The point Ty represents the freezing point of A. Along the curve AE teezing point of

A falls by the addition of B to A.

Solid A = Solution

Curve BE: The freezing point curve of B.

The point & shows the freezing point of B. Along the curve BE the freezingt fjalls by
the addition of A to B. Along this curve solid B is in equilibriswith the liquid solution
of Aiin B.

Solid B = Solution
F=C-P+1=2-2+1=1

The degree of freedom is one and the system is monovariant. Paepresents the
eutectic point. The two curves AE and BE meet at E. At thistpmth solids A and B are

in equilibrium in the solution phase comprising of A and B.
F=C-P+1=2-3+1=0
Thus the system at E is non-variant. The corresponding cotmoposind temperature at C

are known as eutectic composition and eutectic temperature.

Similarly cooling of solution B/A on the other side of euteabic,reaching area BE yields
solid B/solution system. Thus the area below BE uptbrie would represent solid B and

solution.

If the solution just above the eutectic point c is cooled a sohtunai (eutectic mixture) of

eutectic componentgwill be obtained straightaway.
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The entire area below:Tine represents solid A/solid B.

12.3 TO CONSTRUCT PHASE DIAGRAM FOR A TWO
COMPONENT EUTECTIC SYSTEM OF RESORCINOL
AND BENZOIC ACID

12.3.1 Chemicals and apparatus required

Benzoic acid (m.p: 121°€) and resorcinol (m.p.: 110), 11 test tubes, one boiling tube
with a cork to carry a thermometer, a bath of liquid paraffia beaker, a wire stirrer and

an iron stand with lamp, a tripod stand with wire gauge, a bunsaerbur
12.3.2 Principle

Cooling curves and phase diagram:

Cooling curve of a eutectic system of component A and B arm@inelok by cooling a
molten mixture of the components and plotting a curve between taetupgeand time as
shown in Fig.2. The curve is characterized by two featuredcalleeak and a halt. The
cooling curve is continuous till the solid phase B starts atipgrat point b. The rate of
cooling decreases and a break is observed at this point in tlee Tars break represents
the freezing point. The cooling continues and solid B keeps separaAt c the other
component A also starts solidifying. The cooling temperature stzohalt along cd line.
The temperature is constant along this line as the compositithre afystem is constant
and it represents the eutectic temperature of the midien. After the point d there is
progressive cooling of the solidified mass.

To obtain a phase diagram, cooling curves of mixtures wifkrdifit compositions of A
and B are obtained as shown in Fig.3. The eutectic temperataeens the same for each
mixture. A mixture with eutectic composition shows no break piaints cooling curve
and only a halt is observed at the eutectic temperatureaREnperature-composition
graph by plotting the freezing point/ break temperature of diftemixtures on the Y axis

and their respective composition on the X-axis.
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]

Temperaturs

Eutectic

“+zolid A+
temperatre

Time

Figure 2: Cooling curve of a binary eutectic syste

Temperature
..--""
e -

Time

Figure. 3. Cooling curves for a mixture rich inmspound A (1), for a mixture rich in compound B

(2), and for a mixture with the eutectic composit{@).
12.3.3 Procedure

Set up the apparatus as in Figure.4. Prepare the following gsxbfitA & B components
by weighing the required amounts as given in Table 1.
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Table 1. Amount of A & B components to be takeprigparing mixtures of A & B

Test
Tube

I I i v \% Vi V11 VI IX ) Xl

Alg |10 9 8 7 6 5 4 3 2 1 0

Blg |0 1 2 3 4 5 6 7 8 9 10

1. Take pure component in a test tube containing a stirrer andracimeter. Place
this test tube in a water bath. Melt the pure component itethheéube and allow it
to cool. Stir the mixture as it cools. Note the freezing tempire of the pure
component with the thermometer.

2. Place the test tube with the first mixture in the wateh laamd melt the mixture.
When a homogeneous liquid phase is obtained remove the tube fromatithe b
Wipe it clear and allow it to cool while taking the temperatuter a&very 15-30
seconds. The temperature falls till solid A (benzoic acid (esorcinol) or solid
solution begins to form. Temperature should be noted until a cdrietaperature
IS reached.

3. Repeat the experiment with the with same procedure remainingiresxtThe
eutectic temperature is determined by finding the eutes&zing region for rest
of the nine compositions.

4. Note down the first break temperature in every curve agamhs¥to or mole
fraction. Also note the halt temperature in every curve atef @gainst the wt% or
mole fraction as shown in Table 2.

5. The phase diagram is obtained by making plots of break and hgletatures
against composition. Therefore plot a graph of melting point o# gompound
and the nine break temperatures versus wt% or mole fractibemdoic acid. The

halt temperatures would be the same for all nine cases.
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6. The curve so obtained is the phase diagram of benzoic @&sdrcmol system.

Note down the eutectic temperature and composition from this curve.

Thermometer

Stirrer

S T A Sohate

—_——— e — Bath

Figure. 4. Schematic set up of apparatus for deieation of eutectic temperature and eutectic

composition of resorcin@nd benzoic acid system

12.3.4 Observations

Table 2. Amount of A & B components to be takeprigparing mixtures of A & B

S.N Weight of B (g) Wt % of A Break Halt

Temperature Temperature
O (°C)

12.3.5 Results

The eutectic temperature of the system =........ °C...

The eutectic composition of the system =............ wt. % A and........wt. % B
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124 TO CONDUCT PHASE DIAGRAM FOR A TWO
COMPONENT EUTECTIC SYSTEM OF
NAPHTHALENE AND BENZOIC ACID

12.4.1 Chemicals and apparatus required

Naphthalene (m.p: 8Q) and benzoic acid (m.p: 12Q),10 test tubes, one boiling tube
with a cork to carry a test thermometer, suitable thermon{889°), a bath of liquid
paraffin in a beaker, a wire stirrer and an iron stand iaitip, a tripod stand with wire
gauge, a bunsen burner.

12.4.2 Procedure

Set up the apparatus as in Figure. 1. Prepare the followkigres of A & B components

by weighing the required amounts as shown in Table 3.

Table 3. Amount of A & B components to be takerprigparing mixtures of A & B

A

(Naphthalene)| 10 9 8 7 6 5 4 3 2 1 0

@

B

(Benzoic acid) 0 1 2 3 4 5 6 7 8 9 10
(@)

1. Take pure component in a test tube containing a stirrer dretradmeter. Place the
test tube in a water bath. Melt the pure component in théutsst Allow it to cool.
Stir the mixture as it cools. Note the freezing temperatéithie pure component
with the thermometer.

2. Place the test tube with the first mixture in the wateh lzad melt the mixture.
When a homogeneous liquid phase is obtained remove the tube from th&/ipath.
it clear and allow it to cool while taking the temperaturerngib seconds. The
temperature falls till solid A or B or solid solution beginsféom. Temperature

should be noted until a constant temperature is reached.
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3. Repeat the experiment with the remaining mixtures. The @utEgnperature is
determined by finding the eutectic freezing region for rest®hine compositions.

4. Note down the first break temperature in every curve agaihs¥ow or mole
fraction. Also note the halt temperature in every curve and aggnst the wt% or
mole fraction as shown in Table 4.

5. The phase diagram is obtained by making plots of break andemaftetatures
against composition. Therefore plot a graph of melting point of gamgpound and
the nine break temperatures versus wt% or mole fraction mfolmeacid. The halt
temperatures would be the same for all nine cases.

6. The curve so obtained is the phase diagram of benzoic acid- nepktisystem.

Note down the eutectic temperature and composition from this curve.

12.4.3 Observations
Table 4. Amount of A & B components to be takeprfgparing mixtures of A & B

S.N. Weight off Weight of| Wt. % of A Break Halt
A (9) B (9) Temperature | Temperature
°C) (°C)
12.4.4 Result
The eutectic temperature of the system =........ °C...
The eutectic composition of the system =............ Wt.% Aand .........\Wt.% B

12.5 SUMMARY

Binary eutectic mixtures with components A and B were choseh suat both

components are immiscible in solid phase and miscible in liquisepfidey do not react
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with each other. The cooling curves of A and B were obtaineadijng in steps B in
melt of pure A (amount of B less than A) and plotting melting pointhe mixture
(freezing point).The process is repeated by stirring with puaedadding A in steps and
plotting the melting point of each mixture against the composdfoA in the mixture.
This gives the complete phase diagram of a simple eutsgsiem. From the phase

diagram the eutectic temperature and eutectic compositionetersined.

12.6 TERMINAL QUESTIONS

1. Define a phase.

N

Define a component? How many components and phases are preserdgueaus
solution of salt?

What is a phase diagram?

Define a binary eutectic mixture?

What is a liquidus line and solidus line?

o gk~ w

What is the eutectic temperature and eutectic compositionnad admponent eutectic
system of naphthalene and benzoic acid?

7. What is a eutectic point?

8. What does a horizontal arrest in a cooling curve represent?

9. What is the difference between a eutectic and a euteuigtdre?

10.What is Pattinson’s process?

12.7ANSWERS

1. A phase is a physically distinct region that has same catiggosaind chemical
property within its boundary.

2. The elements or compounds which are present in the mixture desl dts
components. An aqueous solution of a salt has two components;andtsalt. The
number of phases is one.

3. A phase diagram is a plot between physical state of theasgeswith its temperature
and/or pressure.

4. Binary eutectic mixture is a solid solution of two componentscky has the lowest

freezing point of all the possible mixtures of the components.
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5. The liquidious line separates the all melt phase from the aneltsolid phase. The
solidus line separates the melt and crystal region froraltiselid region.

6. The eutectic temperature of a two component eutectic systenaphthalene and
benzoic acid is 67-6%C and eutectic composition is 30 mol % benzoic acid B.

7. The eutectic is the point at which all three phases can existtaneously i.e. solid A,
solid B and melt.

8. Invariant reaction.

9. Eutectic mixture gives rise to a liquid in equilibrium with taealid phases whereas a
eutectoid mixture results in a solid phase in equilibrium withatixer solid phases.

10. Pattinson’s process is a method of desilverising lead.
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UNIT 13: pH TITRATION

CONTENT:

13.10bjectives

13.2 Introduction

13.2.1 Titration of strong acid (HCI) with strong base (NaOH
13.2.2 Titration of weak acid (GBOOH) with strong base (NaOH)

13.3 Determination of the strength of a given unknown solution of bitroc acid by

pH titration of the hydrochloric acid with sodium hydroxide
13.3.1 Chemicals and apparatus required
13.3.2 Principle
13.3.3 Procedure
13.3.4 Observations
13.3.5 Calculation
13.3.6 Results
13.4 Summary
13.5 Terminal questions
13.6 Answers

13.7 References

13.1 OBJECTIVES

After completing this unit you should be able to
1. Calculate pH for various combinations of strong and weaklesd pairs.

2. Locate the end point from the graph of pH of solution versus vabfilese added.

3. Determine the strength of an acid by potentiometric timati

13.2 INTRODUCTION

Acid base titrations are basically neutralization titratidxsds and bases ionize in water.
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HA— H + A

BOH —» B +OH

H"+A+OH+B" —» B"+A +H0

The extent of hydrolysis of the salt BA formed from neutraliwabetween the acid and
base decides the pH of the solution at equivalence point.

The pH of a solution is given as

pH = - log [H]

pH titration is the process of adding either base from the buceteknown volume of
acid (alkalimetry) in a beaker and measuring the pH of dhatisn at each addition or
vice versa (acidimetry). In a titration of an acid watlbase, the pH of the solution before
titration is low. On addition of aliquots of base to the adid,gH starts increasing. Near
the end point a sharp increase in pH occurs. When a plot eegts volume of base is
constructed you obtain a pH curve. After the end point, addition obdse does not
change pH and results in a plateau in the curve. The pH cunvesdng acid-strong base,
strong acid-weak base, weak acid-strong base and weak ealdlvase are depicted in
Fig 1. However, it is difficult to locate the end point in Werid-weak base titrations by

potentiometric method.
13.2.1 Titration of strong acid (HCI) with strong base (NaOH)

In titration of a strong acid (HCI) with a strong base (NaQhke salt formed by
neutralization reaction does not hydrolyse in water. Hence tiicsolat the equivalent

point is neutral.

Initially the pH keeps increasing slowly as the base is addédr e end point the

concentration of the base (NaOH) is in excess and a sharps@angaH is noted.
[H] = [HCI]

The pH is given by

pH =14 — pOH

In the case of a strong acid versus strong base, at equigadeint [H] = [OH]
The ionic product of water =,K= [H*] [OH] =10

Ky = [H']

(Kw)? =[H"]
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[H] = [HCI]

pH = -log [H'] = -log (Ku)*? = 1— log Kw = -

1

log 10" =2x 14 xlog 10 = 7

(log 10 =1)

14 -
12

10 4

pH

0 50 100 150

volume of 0.1 M NaOH added to 100 ml of 0.1M HCI
Figure 1. (a) pH titration curve of strong acid (@s strong base (NaOH)

13.2.2 Titration of weak acid (CHCOOH) vs strong base (NaOH)

In case of weak acid
[H'] = {K 4 [acetic acid]}"2
CHsCOOH + OH «—=  H0 + CHCOO

Addition of NaOH converts a portion of acetic acid to its conjugase. This solution of
a weak acid and its conjugate base forms a buffer for wihiehpH of the solution is

calculated by Hendersen equation .
At equivalence pH is more than 7
pH = pKa + log [Conjugate base] / [Weak acid]

After the equivalence point, NaOH is present in excess Hmisps to about 12..
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14 -
12

10

pH | 67

0 50 100 150

vohmme of NaOH /em®

Figure. 1. (b) pH titration curve of weak acid (gEDOH) vs strong base (NaOH)

vohme of NHsOH

Figure 1. (c) pH titration curve of weak acid (EHOOH) vs weak base (NBH)

UTTARAKHAND OPEN UNIVERSITY Page 208



LABORATORY COURSES -l BSCCH -204

13.3 DETERMINATION OF THE STRENGTH OF A GIVEN
UNKNOWN SOLUTION OF HYDROCHLORIC ACID BY
PH TITRATION OF THE HYDROCHLORIC ACID WITH
SODIUM HYDROXIDE

13.3.1 Chemicals and apparatus required

HCI, NaOH and distilled water, Beaker (250 cri), burette (50 crl), burette stand, pH

meter and pH electrode.
13.3.2 Principle

In titration of a strong acid (HCI) with a strong base (NaQhg salt formed by
neutralization reaction does not hydrolyse in water. Henceolb&ah at the equivalence

point is neutral.

Initially the pH keeps increasing as the base is added. Aftezrid point the concentration

of the base (NaOH) is in excess.

[H = [HC]

The pH is given by

pH =14 — pOH

In the case of a strong acid versus strong base, at equigadeint [H] = [OH]
The ionic product of water = K= [H"] [OH] =10

KW - [H+]2

(KW)1/2 — [H+]

[H'] = [HCI]

1/2 1 1 14 1
pH = -log [H] = -log (Ky)™* = —Elog KW:—EIog 10 :Ex14xlog 10=7
(log 10 =1)

13.3.3 Procedure

1. Prepare 1M NaOH by weighing 4 g of NaOH and dissolving it in 108 @m

distilled water.
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2. Fill the burette with standardized 1M NaOH solution.

3. Standardize the pH meter (Follow the specific instructionsherpH meter that
you have in your laboratory)

4. Now pour 50 criof given solution of HCI in a 250 cinbeaker. Dip the pH probe
in the solution and measure and record the pH of the solution laefpidaOH has
been added.

5. Proceed to add aliquots of 1¢standardized 1M NaOH. Take the burette reading
and also record the pH reading after each addition.

6. When you notice that the pH starts to change rapidly, reduceithmtal of the
additions of NaOH to 0.5 chand then to single drops. Continue adding NaOH till
the pH reaches 12.

7. Tabulate your data as given in Table 1 and construct a graph adrgbiswolume
of NaOH solution added from the burette (Fig.2). Locate the end fraimt
inflexion point.

Incorporate the volume of NaOH consumed for neutralizing the iacitie
formula

V1N; = V2N, to determine the normality of hydrochloric acid.

pH | | Inflexion Point

: end point

vohime of NaOH /ml
Figure 2. pH titration curve of strong acid (1M H@s strong base (1M NaOH)

13.3.4 Observations

Table 1. Titre values for HCI versus NaOH titration
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S.N. Burette Reading/ ¢ Volume of
NaOH /cn?

Initial Burette

13.3.5 Calculation

V1N =V2N,

V1= volume of NaOH

N; = normality of NaOH

V2= volume of HCI

N2 = normality of HCI

Strength of HCI = Normality of HCI (Y x Equivalent weight of HCI (36)
13.3.6 Results

The strength of given solution of hydrochloric acid is .................. d/litre

13.4 SUMMARY

Quantitative analysis by potentiometric titration method #&r acid base
neutralization reaction involves recording the pH after eachiaddif a standard solution
of a base to a known volume of an acid of unknown strength. The phe dfolution
depends on the ionisability of the acid and base in water andtdre ef hydrolysis of the
salt formed from the neutralization of the acid by the bAsgraph of pH versus volume
of base added to the acid is constructed. The end point tedofram the point of
inflexion which is a point where the pH of the solution changpglisa A perpendicular
drawn from point of inflexion to X axis gives the volume of éasquired to neutralize

the volume of acid taken in the beaker. This value is incorgbratethe equation
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V1N1=V,N, to determine the normality of the acid . The strength ofthe is calculated

by the formula, Strength of acid =Normality of Acid x Equivaleright of acid.

13.5 TERMINAL QUESTIONS

Define acidimetry and alkalimetry.

What is a standard solution?

Give two examples of a primary standard.

What is equivalence point in an acid base titration?

How do you express acidity of a base and basicity of an acid?

What factors affect the form of a pH curve?

When will be the pH =0, <7 and > 7 at equivalent point in @&hlzase reaction?

How do you express the pH of acetic acid?

© ©® N o g bk~ w DR

Calculate the weight of NaOH required neutralizing 28 ofrlN HCI.
10.1n an experiment 50 chof 0.1N HCl is titrated against 0.1N NaOH. Calculate the pH
of the solution after addition of 40 éraf NaOH.

13.6 ANSWERS

1. The process of addition of a standard acid from a burette to a kralume of base in
a conical flask is called acidimetry. The process of additicm stndard base from a
burette to a known volume of acid in a conical flask is call@dimetry.

2. A standard solution is a reagent of known concentration.

3. Oxalic acid and sodium carbonate.

4. Equivalence point is a stage where the reaction between acithamedundergoes
completion theoretically.

5. Acidity of a base = Molecular weight / Equivalent weight
Basicity of an acid=Molecular weight / Equivalent weight

6. The following factors affects the shape of pH curve
i. The extent of ionization of acid or base.

ii. The molalities of the solution used in the titration and
iii.  Acidity of the base and basicity of the acid.
7. In an acid base titration if the salt formed between stroijaand strong base does not

hydrolyse then pH =0 at equivalence point.
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In an acid base titration if the salt formed between steang) and weak base, the salt
hydrolyses to give an acidic solution then pH < 7 at equivalerioé po
In an acid base titration if the salt formed between vasatk and strong base, the salt

hydrolyses to give a basic solution then pH > 7 at equivalesioé p
[CH;CDO™]

8. pH =pka+log [CH, COOH]

9. Letw =weight NaOH in gm

Equivalent weight of NaOH = Molecular weight of NaOH = 40

%X 1000 = ViciNHci

E
W = VycNuo X ——
000

40
w=25x1x——"=1g
1000

10.Given

V =50 ml, Nyc=0.1IN, Nnaon=0.1N
Apply the formula Vyaon N naon = V Hel N kel
V NaoH = (V Het N Her) / Ninaow
V naon= (50 x 0.1)/ 0.1
Lety =40 ml
When volume of NaOH (y ml) is less than that required atvetpnce point, then
[Excess acid]=[(V X N) - (y X Ng)] / (V +y)
=50x0.1-40x0.1/50+40 =0.011
pH = -log[excess HCI]

= -log [1.1 x 16]

= 2-logl.l

pH = 2-0.04 = 1.96
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UNIT 14: CONDUCTOMETRIC TITRATIONS

CONTENTS:
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14.3.6 Result

14.4 Precipitation titration: KC| against AgNO
14.4.1 Chemicals and apparatus required
14.4.2 Principle

14.4.3 Procedure

14.4.4 Observations

14.4.5 Calculations:

14.5 Summary

14.6 Terminal questions

14.7 Answers

14.1 OBJECTIVES

1. To determine the equivalence point from a conductance vs. voluiple gra
2. To understand the role of equivalent conductance of each ion in tt®me@wards

the appearance of the conductance vs. volume graphs.
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14.2 INTRODUCTION

Conductometric titration is an elerctroanalytical method for ntjizdive
determination of an analyte. Titration is a procedure to whrer the strength of an
unknown solution (titrand) by reacting it with a solution of known cotre¢gion. The
point where all the unknown solution reacts with the standard soluti@allsd the
equivalence point.The strength (g/L) of the unknown solution is cébculrom the
volume of the titrant consumed in the reaction, the titrantexgnation and the volume of

the solution of unknown strength.

The principle is based on the fact that during conductometiiétidin, one of the
ions is replaced by the other ion which differs in its mobility anddactance. The
conductivity of a solution depends on ions and factors like concentratiobility and
valency of the ions, degree of dissociation of the electrolyte tamgperature. The
concentration of an electrolyte analyte will decrease @adts with the titrant. This will
vary the conductance of the solution with addition of the titietore titration the solute
consists of a different set of ions. During titration the comeéion of these ions in the
solution changes. After the equivalence point, a different seioref result in the
conductance through solution. Near equivalence point , the conductanceharlije
sharply. A plot of conductance versus volume of titrant add#dgive the volume of
titrant used to react with the total species in the unknown soliNeutralization reactions
as well as precipitation reactions can be studied by conductonigtations. The

following combinations may be studied using same procedure.
a) Titration of strong acid with strong base e.g. HCI wittORia.

During titration of strong acid with strong base e.g. HGhviMaOH, the highly mobile
H" ions are replaced by less mobile'Nans. The OHions combine with Hions to form
water. Therefore the conductance of the solution keeps decreagemgneutralisation of
the acid by the base further addition of base makesiOekcess. Since the mobility of
OH' is appreciable the conductance of the solution again increfteesend point. The

titration graph of strong acid with strong base is shown inr€igjua).
b) Titration of weak acid with strong base e.g.;CB®OH with NaOH.

In the titration of weak acid with a strong base, the conduetfirst decreases as the salt

formed suppresses the ionisation of the acid. The salt form&€@ONa is more
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ionisable than the weak acid. As the amount of salt incsgdlse conductance of the
solution begins to increase. After the equivalence point tke m=in excess and OH
begin to conduct. This increases the conductance more rapid\titration graph of weak
acid with strong base is shown in Figure 1 (b).

c) Titration of strong acid with weak base e.g. HCI with JOH.

During titration of strong acid with strong base e.g. HChwitH,OH, the highly mobile
H" ions are replaced by less mobile NHons. The OHions combine with Hions to
form water. The conductance of the solution at decreaseqytiiVadence point. After
neutralisation the ionisation of the added base is supressed byedenge of its salt.
Hence,the conductance of the solution remains constant aftévakence point. The

titration graph of strong acid with weak base is shown inrEidguc).

d) Titration of weak acid with weak base e.g.{LLC®@OH with NH,OH.

The nature of curve before equivalence point is similsr to theecabtained by
titrating weak acid against strong base. After the equigalgmint conductance
virtually remains same as the weak base which is being addedhily ionized acid

and therefore is not much conducting Figure 1 (d).
(e) Mixture of a strong acid and a weak Acid vs. a strong base oala vase.

In this curve there are two break points. The first break pmntesponds to the
neutralization of strong acid. When the strong acid has beepleiy neutralized
only then the weak acid starts neutralizing. The second breakcpoiasponds to the
neutralization of weak acid and after that the conductance segehie to the excess
of OH ions in case of a strong base as the titrant. Howeven thte titrant is a weak

base, it remains almost constant after the end point siRigare 1 (e).
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Figure.1. Plot of conductometric acid base titoas (a) Titration of strong acid with strong
base.g. HCI with NaOH (b) Titration of weak acidtwstrong base e.g. GHOOH
with NaOH and (c) Titration of strong acid with ake base e.g. HCI with NOH (d)
Titration of weak acid with weak base e.g.CBOH with NHOH (e) Mixture of a

strong acid and a weak acid vs. a strong baseweak base.
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14.3 ACID-BASE TITRATION: STRONG ACID (HCl) VERSUS
STRONG BASE (NaOH)

14.3.1 Chemicalsand apparatus required

HCI, NaOH, oxalic acid, phenolphthalein and conductivity water.Condwettom
electrodes, temperature sensor rod, wipes to clean theodkecbeakers (250 é&n

measuring cylinder, burette and conical flask (108)cm
14.3.2 Principle

The conductance of HCI solution is high due to the presence of higtityle H. As
NaOH is added to the acid, thé€ Hre replaced by Nawhich have relatively low ionic

conductivity.

H"+Clr + Nd+OH" ——» KO + N& + CI

H* ions form water with OH Water remains undissociated in the solution. After the

equivalence point, the solution contains excess of i@k which have high conductance

and a rapid increase in conductance is noticed.
14.3.3 Procedure

1. Arrange the equipment assembly by attaching the electrode rapdregture sensor rod
with the conductometer.
2. Weigh 4 g of NaOH in 100 ml to make an appropriate 1N NaOH.

3. Prepare 1 N oxalic acid by weighing 6.3 g oxalic acid in 100 stav3dard volumetric
flask. Sodium hydroxide is then standardized with 1N oxalic acid yiagolphthalein
indicator.

4. Clamp a burette filled with standardized 1N NaOH solution.

5. Transfer 50 crhof given solution of HCI acid into a beaker. Dip the electradd
temperature sensor in the solution. The level of solutionldhmienough to cover the
the electrodes. Add standard NaOH from the burette in stepsSottrﬁ: Stir the
solution well before noting the conductance.

6. Near the equivalence point the conductance of the solutiorasesaapidly. Continue

the titration to add another 10 & steps of 0.5 cthConsider this as a pilot titration.
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7. Repeat the titration. This time add NaOH in steps of 03 rwar the equivalence point
and continue adding another 10%afier the equivalence point.

8. Record your readings as shown in Table 1.

9. Plot a graph of conductance against volume of NaOH added to lbeaggtivalence
point, Figure.2. The equivalence point is determined by extrapoldngvo lines till
they intersect. The point of
intersection is the

equivalence point.

Conductance

.

LT
|
|
|
I
|
I

Volume of NaOH added

Figure 2. Graph of conductance against volume dDNa

14.3.4 Observations

Table 1. Titre values for titration of HCI againsaOH

S.N. Volume of HCI (cn) Volume of NaOHcm’) | Conductance (mho)

Burette Reading

Initial Final

14.3.5 Calculations
N1V1:N2V2
N;= Normality of HCI

N>= Normality of NaOH
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V1=Volume of HCI
V2= Volume of NaOH required to neutralize HCI

Strength of HCI = Normality of HCI x equivalent weight of HB6)
14.3.6 Result

The strength of given HCI solution is ................ g/l

14.4 PRECIPITATION TITRATION: KCI AGAINST AgNQG.

14.4.1 Chemicals and apparatus required

AgNO;, NaCl, KCrO, KCI and conductivity water.Conductometer, electrodes,
temperature sensor rod, wipes to clean the electrode, bef@&scni), measuring

cylinder, burette and conical flask (1003()m

14.4.2 Principle

Precipitation titration can be monitored conveniently by conductivigasurements. In
this titration the product is an insoluble substance. An exampieeoipitation titration is
the titration of potassium chloride with silver nitrate. Qofethe product is a white

precipitate of silver chloride.
AgNO; + KCI —>  AgCl + KNO
Silver nitrate potassium chloride  silver chloridepotassium nitrate

In this experiment we measure the change in electric comsbectaf the solution on

adding increasing amounts of AghO

Conductance (G) is the reciprocal of the electrical resista@c= 1/R (Siemens)
Conductivity:k = G x C , where C is the cell constant, whose unit i4.cm
Molar conductivityAn, of a solution with concentration d molar is given by
Am= c/(k x1000)

14.4.3 Procedure

1. Arrange the equipment assembly by attaching the electrode mpersgure sensor

rod with the conductometer.
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. Prepare 1N AgN@by weighing 42.46 g and making up the solution in a 256 cm

standard volumetric flask with conductivity water.

Standardize your AgNgXolution with NaCl. Prepare 1N NacCl solution by dissolving
5.8 g of NaCl crystals in 100 ¢nof conductivity water. Then pipette out 10 tof
standard 1N NaCl solution in a 250 toonical flask. Add few drops of potassium
chromate solution. Fill a burette with the Agki§blution. Titrate till the colour of the
solution in the conical flask changes from white (colour of Ag€lyed. Use the
formula Vi N1 = V2 N, to obtain the normality of AgN{solution. Tabulate your
observations in table 1

Clamp a burette filled with standardized 1N AgiNOlution.

5. Transfer 50 crh of given KCI solution into a beaker. Dip the electrode and

temperature sensor in the solution. The level of solution shaukehbugh to cover
the electrodes. Add 1N AgN@rom the burette in steps of 0.5 &nStir the solution
well before noting the conductance.

Near the equivalence point the conductance of the solution increagisy.
Continue the titration to add another 10%dm steps of 0.5 cfh Consider this as a
pilot titration.

Repeat the titration. This time add AghN® steps of 0.1 cfnear the equivalence
point and continue adding another 10°after the equivalence point. Tabulate your
readings as given in Tablel and Table 2.

Plot a graph of conductance against volume of Agatfdled to locate the equivalence
volume of AgNQ added, Fig, 2. The equivalence point is determined by
extrapolating the two lines till they intersect. The point ofeiisection is the

equivalence point.

14.4.4 Observations

Table 1. Titre values for titration of KC| againSgNG;

S.N.

Volume of KCI (crm) Volume of AgNQ (cnv) | Conductance (mho)

Burette Reading

Initial Final
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Table 2 Table for plotting graph of conductancesusrvolume of AGQNO

S. N. Volume of AgN@ (cnt) Conductance(mho)

\H\‘\‘*\

-
T
|
|
1

Conductance

YVohune of AgNO;

Figure 2. Graph of precipitation titration of KClgainst AQNQ@
14.4.5 Calculations:
N1V1=NV3
Strength of KCI = Normality of KCI x Equivalent weight of K(Z4.5 )

Result: The strength of given KCI solution is .................. g/L.

14.5 SUMMARY

Conductomeric titrations can be used to find the amount of amayéetanalyte
present in a given solution. During conductometric titration, one ofidhg initially

present in the solution of the analyte (titrand) particgpate a neutralization or
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precipitation reaction and is replaced by another ion from the tivhiah differs in its

conductance. The concentration of the analyte will decreagaeacts with the titrant.
This will vary the conductance of the solution. Near equivalgmdet, the conductance
will change sharply. A graph between conductance and volumeanittédded is plotted.
The point of intersection of the two lines so obtained givesdahenme of titrant consumed

till equivalence point. The normality of the titrant is foundusyng the formula
N1V1:N2V2

The strength of the given analyte solution = Normality lef given analyte solution x

Equivalent weight of the analyte

In neutralization reaction the appearance of the graph depends stnetiigth of the acid

and the base used in the titration.

14.6 TERMINAL QUESTIONS

Name the different types of conductances.
What is the relationship between specific conductance and equicaleductance?
Give four factors which affect the conductivity of an elegties?

What is the principle behind conductometric titrations?

o > w NP

What is the purpose of adding a few drops of potassium chromataGh S¢lution

during standardization of AQNQ

Give the graph for conductometric titration of LKOOH with NH,OH.

7. Explain the appearance of the graph for conductometric titrafi@HgCOOH with
NH4OH.

8. What is the effect of dilution on specific conductance and equivatarductance of

o

an electrolyte?
9. Why the normality of the titrand is should be kept atleast 10 timex® than the
normality of the titrand in conductometric titrations?

10.Rank H,Na"andK™ in order of their increasing ionic mobility in water.

14.7 ANSWERS

1. Specific conductance, equivalent conductance and molar conductance
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2.

7.

where A¢q is the equivalent conductance,is the specific conductance and c is

concentration expressed in normality.

The conductivity of an electrolytic solution depends on degredissbciation of the
electrolyte, mobility of the ions and valency of the ions tmaperature.

During conductometric titration, one of the ions initially presantthe solution
participates in the reaction and is replaced by another iontfrertitrant which differs
in its conductance. The concentration of an electrolyte aneljitelecrease as it
reacts with the titrant. This will vary the conductancéhefsolution. Near equivalence
point, the conductance will change sharply.

Potassium chromate is used as an indicator for the titratidva@l with AgNQ;. It
forms a reddish brown coloured precipitate of silver chromate afitehe NacCl is
consumed by AgN®.

2AgNOs + K,CrOy —»  AgCrOy + 2KNG;

The graph of conductometric titration of a weak acid {CBIOH)with a weak base

(NH4OH) will appear as shown below

Conductance

Volume of NH;OH

In the conductometric titration of GBOOH with NH,OH, the conductance first
decreases but soon increases due to salt formation and aftequivalence point
remains constant.

Specific conductance decreases with dilution while equival@miucxtance increases
with dilution for an electrolyte.

Dilution increases the mobility of ions and hence the conductainee electrolyte.
When the normality of the titrant is kept atleast 10 timesentioan the normality of

the titrand the error due to dilution is kept to minimum.
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10.H*>Na'>K"*
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UNIT 15: POTENTIOMETRIC TITRATIONS

CONTENTS:

15.10bjectives

15.2 Introduction

15.3 Titration of a strong acid with a strong base
15.3.1 Chemicals required and apparatus required
15.3.2 Principle

15.3.3 Procedure

15.3.4 Observation

15.3.5 Results

15.4 Determination the amount of fe (ii) present in the given soluiy potentiometric

titration.
15.4.1 Chemicals and apparatus required
15.4.2 Principle
15.4.3 Procedure
15.4.4 Observations
15.4.5 Calculations
15.4.6 Result
14.5 Summary
15.6 Terminal questions

15.7 Answers

15.1 OBJECTIVES

After completion of this unit you should be able to

1. Know the relationship between an electrode potential (half aed its dependence on

the concentration of species which reacts at it reverdigynst equation).
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2. Know the difference between an indicator and a referenceaectr
3. The representation of half cells.

4. Behaviour of emf near equivalence point

5

. To locate the equivalence point in potentiometric titrations.

15.2 INTRODUCTION

In potentiometic titrations the potential of an electrochehuel is measured on adding a
titrant to a titrand in steps. A schematic diagram of a pamatieric set up is shown in
Figurel. The cell consists of an indicator electrode and eerefe electrode. The potential
of the reference electrode is constant. The potential deactlapthe indicator electrode

helps to quantify the amount of an analyte.

Consider equilibrium between the metal atoms on an indicatoradecand its ions in
solution

M(s) —> M + ne* (oxidation)

A potential develops between the electrode and the surrounding sollimmdgnitude
of the potential difference depends on the nature of metalentration of the metal and
temperature The more negative the value of the standatdoeleotential of a metal the

greater its tendency to give its electrons or get oxidized.

Reference electrode

Indicator electrode

Porous frit

{’
|

|

|

-
-

]

e Analyte sohtion

Figure 1. Schematic diagram of a potentiometertape
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The standard emf of a combination of any two half cells cadetermined as follows
E® cell = E’ cathode~ E’ anode
The metal with more negative standard electrode potenticdde ihe anode.

The relationship between Gibbs energy of the cell reactiGn,and the emf of the cell, E,

is given as
AG = -nFE

Where n is the number of electrons exchanged in the cell reaatid F is Faradays

constant

The Nernst equation gives the relationship betwegn E.) and ratio of oxidized to
reduced species .

Ecei= E° ceil + E In [OX]/[Red]

The Nernst equation states that the potential of an eleadeyEnds on the concentration
of reduced and oxidized forms of the ions. When the concentratioes# tbns changes,
the electrode potential also changes. Such reactions are fmefdilute solutions or

solutions where the end point cannot be detected by indicators.

Near the end point the rate of change of emf is gredtkstend point can be determined
by plotting emf against volume of titrant added, Figure 2. A petigelar drawn at half
the height of the inflexion curve gives the end point. The end pan also be determined

from a first derivative curve, Figure 3.

i / '
/ \

- \,\___
Volume Vohme
Figure2. Plot of Emf vs Volume Figure3. Plot otfiderivative of Emf vs
Volume
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15.3 TITRATION OF A STRONG ACID WITH A STRONG
BASE

15.3.1 Chemicals required and apparatus required

0.1 N HCI, standardized 0.1 N NaOH solution and quinhydrone, poteng@pmatih

platinum electrode and calomel electrode, beaker, burette.

15.3.2 Principle

Quinhydrone is an equimolar mixture of quinine and hydroquinone.
The cell constructed for Heversible system is

Pt/ acid + (QH)//calomel

The reduction potential of quinhydrone and the emf of the cdlldepend on the pH of
the solution. On adding small aliquots of a base, the emf ofdhalrops gradually and
near the equivalence point a large decrease in emf occtes.tdé equivalence point, the

emf changes again.
15.3.3 Procedure

Pipette out 20 cfhof 0.1 N HCI acids into a beaker.

Add a pinch of quinhydrone and place a platinum electrode in the solution.
Connect the calomel electrode through a salt bridge.

Titrate the solution with standardized 0.1N NaOH from the kruaatd determine

P w0 bdPRE

the emf after every 1 chaddition. Tabulate your readings as shown in Table 1.
5. Draw a plot of emf against volume of NaOH added (Figure 4)vMdieme of
NaOH at the point of intersection is the volume of NaOH usedeutralize the
total HCI solution present in the beaker. You can also plotapghgof dE/dV
against volume of NaOH added, Figure 5, from the data ineTalib get the
equivalent point The volume where the the maxima is reaishée equivalence

point of the titration.

15.3.4 Observation

Table 1. Titre values of sodium hydroxide and cgpomnding EMF at each addition of sodium

hydroxide
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S.N. Volume of NaOH ( cfi) Emf, E (V)

Table 2. Table for plot of Emf vs volume of sodiymiroxide and first derivativeof Emf vs volume
of sodium hydroxide

S.N. | Volume of NaOH Emf AE AV AEIAV
3
(cm) V) V) (i) (Viem?)
dE/dV
emf
Volume of NaOH Volmme of NaOH
Figure. 4. Pot of Emf vs Volume of sodium Figure. 5. Pot of first derivative Binf vs
Volume of hydroxide sodium hydroxide

15.3.5 Results

i.  The volume of base (NaOH) required neutralizing the acid is......... ml.
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ii. Thestrengthof HClis ............ccoiini g/lt.

15.4 DETERMINATION THE AMOUNT OF FE (ll) PRESENT
IN THE GIVEN SOLUTION BY POTENTIOMETRIC
TITRATION

15.4.1 Chemicals and apparatus required required

Potassium dichromate, ferrous ammonium sulphate and sulphuricpatihtiometer,

platinum electrode, calomel electrode, beaker and burette.

15.4.2 Principle

In a potentiometric titration the cell emf changes rapidiyhie neighbourhood of the end
point of the titration. In this experiment Fe (ll) is tigdtagainst KCr.O;. The Fe (II)-

K2Cr,0; redox system is represented as follows
FE* + 4H,SO, + Ko.CrO; —— BB+ K,SO, + Ci(SQOy) 3+ 4H,0 + 3(0)
The potential E of the indicator electrode is given by

E=P+ g log {[Fe*")/[Fe*']}

Where Eis the standard reduction potential of the system (0.77V).pbhential of the
indicator electrode depends on the ratio of oxidized specié$ (Bethe reduced species
(FE"). The reaction is

Fe'+e —» F&
The cell can be represented as
Calomel// F&, F&"/Pt

The calomel electrode is the reference electrode and platitectrogle serves as the
indicator electrode. During the titration,®r,O; oxidises F& to F€*. This changes the
relative concentration of F&FE*. Near the vicinity of the end point, the potential

changes rapidly.
15.4.3 Procedure

1. Prepare 0.1N solution of K2Cr207 by dissolving 0.49g of K2Cr207 alsys#t 100

cm?® of distilled water.
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Transfer 20 crhof the Fe Il solution in a clean beaker. Add 25 ah2.5 M HSO,
and 50 crof distilled water.

Standard KCr,O; solution is added from the burette in small aliquots (£)cithe
emf is recorded after each addition. At the end point themeragpid increase in emf
due to absence of Fe The end point is noted.

Repeat the experiment. This time add the titrapGr¥O; solution, in steps of 0.1 cm
near the end point. Record your observations as shown in Table 3.

Plot a graph between emf and the volume of dichromate added. Téeonfpoint
gives the volume of titrant at the end point.

A plot of AE/AV versus volume of KCr,O; solution gives the exact volume of

dichromate used till the equivalent point.

15.4.4 Observations

Table 3. Table for plot of Emf vs volume of K2Cr20dd first derivative of Emf vs volume of

K,Cr,0Oy
S.N. Volume of KCr,O; EMF AE AE/AV
(cm’) Y, Y, v/ cm®

15.4.5 Calculations

N1V1 = Nsz

N 1=
V 1=
N2:

V2:

Normality of Fe (I1)
Volume of Fe (Il)
Normality of KoCr,07

Volume of KCr0O;

Strength of Fe (II) = Normality of Fe(ll) x Equivalent weigtitFe(ll) (27.92 g)
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15.4.6 Result

The amount of Fe(ll) present in the whole of the given smius............... g@.

15.5 SUMMARY

Potentiometry is an electroanalytical method that rethteshange in concentration of
ions in equilibrium with each other and in contact with an eddetrto the emf of the
electrode. Near the end point in neutralization or redox reactiosBarp change is
observed in the emf of the electrode. A plot of emf versuswelaf titrant added helps to
locate the end point from the inflexion point. A first derivaticurve ofAE/AV versus
volume of titrant can also help determine the end point of tletioea The volume of the

titrant obtained is used to calculate the strength of tlandtr

15.6 TERMINAL QUESTIONS

1. What kind of reactions can be best studied by potentiometry?

2. Where can you find the nature of a metal ion to undergo oxidatiow?igHt listed ?

3. What is meant by ion selective electrodes in potentiometry?

4. How would you depict a silver-silver chloride electrode?

5. What indicator electrodes can be used for acid base potesitic titrations?

6. What is the purpose of quinhydrone electrode in acid-base pobettic titrations ?

7. Name the electrolyte solution within the glass electaidepotentiometer?

8. What is meant by alkaline error?

9. Identify the reactions at anode and cathode in a solution comga@iO;>’Cr** and
Fe*'Fe&* equilibrium rections with a saturated calomel electrode piadinum
electrode.

10.What will be the potential at equivalence point if 0.02 M Rk is titrated against

0.1M Cé*?

15.7 ANSWERS

1. Reactions where the ions are reversible to an electrode arnisslare dilute or the
end point due to acid-base neutralization, redox reactions or paticipireactions

cannot be known by an indicator.
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2. The nature of a metal ion to undergo oxidation can be found inleb&ozhemical
series. The electrochemical series is built by arrangargus redox equilibria in
order of their standard electrode potentials. At standard conddfaiesnperature and
pressure (STP) the potential of the metal electrode isdc@lestandard electrode
potential. The more negative the value of the standard eleqiaidatial of a metal
the greater its tendency to give its electrons or get oxidiee.metals are listed in
increasing order of standard reduction electrode potential.

3. Anion selective electrode acts as a sensor for a parti@n in a solution. It converts
the activity of an ion to electrode potential. It consists ofeanbrane that is sensitive
to one particular ion and therefore to the changes in its caatient The membrane
could be made of glass, an ionic crystal or a liquid. An examspéeglass electrode
which is sensitive to Hions.

4. Ag(s)/ AgCl E)/CI

5. Glass electrode or quinhydrone electrode.

6. The reduction potential of quinhydrone and the emf of the celldeplend on the pH
of the solution. Quinhydrone + s Quinol

7. Saturated KCI.

8. At higher pH values a glass electrode can show lower pH duectmrege of alkali
metal ions present in the solution by the glass membrane.

9. F&*—> Fe*  oxidation (anode)

Cr,0* __, Cr* reduction (cathode)

10.1n both the reactions one electron is exchanged

E%e"/ et =1.61V and Brecnye /E%recnys” = 0.36 V

161+ 036

E equivalence= =098V

UTTARAKHAND OPEN UNIVERSITY Page 235



LABORATORY COURSES -l BSCCH -204

UNIT 16: KINETICS
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16.6.4 Observations
16.6.5 Result

16.7 Summary

16.8 Terminal questions

16.9 Answers

16.1 OBJECTIVES

After reading this unit you should be able to

1. Learn some terms and concepts in chemical kinetics likeniché reaction,

mechanism, reactant, product, rate, rate law and ratéacbns

2. To obtain the order of an acid catalysed reaction experimeritgllyolumetric

titrations.
3. Monitor the progress of a base catalysed reaction by conductivagurements

4. Use of spectrophotometric technique to determine the rate coasidrhe order

of iodination of acetone .

5. Calculating the activation energy of iodination of acetone bgystg the effect of

temperature change on the rate constant.

16.2 INTRODUCTION

Kinetics of a chemical reaction is the rate of formatiorpmfducts or disappearance of

reactants. Rate of a reaction is the amount of substamciedeor produced per unit time.

Rate law is an equation which relates the reaction rate thé# concentration of the

reactantsa constant called the rate constant.

Order of a reaction with respect to a given substance iexpenent to which the
concentration term of the substance in the rate law is raibedotal order of a reaction is

the sum of all the exponents to which concentration terms aera a rate law.

The order of a reaction is determined experimentally. This describes experiments
where the rate constant of a reaction is determined by volemetnductometric and

colorimetric methods.
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The factors that affect the rate of a reaction argalnitoncentration of reactants,
temperature and catalyst. Temperature dependence abratant is given by Arrehenius

equation.
k = A exg R

Activation energy is obtained from the above expression by obtairtmgoastants at two
different temperatures. lodination of acetone is takenraprasentative reaction to study
the activation energy of a reaction. To determine the ordéeirate law for iodine clock

reaction you would be using the method of initial rates

16.3 TO DETERMINE THE KINETICS OF ACID-CATALYZED
HYDROLYSIS OF METHYL ACETATE

16.3.1 Chemicals and apparatus required

0.05 N NaOH, methyl acetate, 0.5 N hydrochloric acid, phenol@ithaidicator and
ice., bottles (250 ci pipettes (5 cri), burette (50 crf), conical flasks (100 cfy stop

watch, and a thermostat.
16.3.2 Principle

Acid-catalyzed hydrolysis of methyl acetate takes placeraing to the reaction
CH;COOCH; + H,O = CH3;COOH + CHOH

The reaction is catalysed by HCI. Water is taken in exseghat the rate of the reaction
depends only on the concentration of the ester. Such a reactionlad pskudo
uinimolecular reaction. The acetic acid formed during the iads titrated against

NaOH solution.

The rate constant of a first order reaction is given by thewwig expression:

In a volumetric method a and (a-x) are replaced hy-¥) and (\, -V;) respectively. (V
-V ) corresponds to the initial concentration of the ester apd\(Y corresponds to (a-x),

the concentration of the ester at time, t.

16.3.3 Procedure
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Prepare 0.05 N NaOH and 0.5 N hydrochloric acid.
Transfer 100 cfh of 0.5 N hydrochloric acid in a 250 &rottle. Keep this bottle

in a thermostatically controlled water bath.

3. Standardise sodium hydroxide solution with 0.05 oxalic acid.

Pipette out 50 cfhof ester( mthyl acetate) into a 250%bottle and place it in the
same thermostatically maintained water bath. Note the tatoupe of the
waterbath.

Pipette out 10 cfhof 0.2 N methyll acetate into the bottle containing 108 ah
0.5 N hydrochloric acid and shake well. Immediately pipette oamb of this
reaction mixture into a conical flask containing a few ice piecgstwo drops of
phenolphthalein indicator. The ice pause the reaction. Stayp avstch.

Titrate against standard 0.05 N sodium hydroxide solution from bufétteend
point is the appearance of pale pink colour. Note the burettengeadigiven in
Table 1. The volume of sodium hydroxide solution consumed is the vajue, V
corresponding to time, t=0.

Pipette out 5 crhof reaction mixture into a conical flask containing ice and
phenolphthalein at regular time intervals of 10, 10, 15, 15,and 20 mirnliteate
each with standard sodium hydroxide as before. Note the volume afnsodi
hydroxide consumed each time. This gives the valuesfor V

Pipette out 15 cfhof the reaction mixture and warm the bottle in a watén ba
80°C for 20 minutes. This procedure brings the reaction to completipett® out

5 cnt of this solution in a conical flask containing ice pieces arehplphthalein
indicator. Titrate this mixture with sodium hydroxide solutiorthe burette. The
titre values give Y.

A plot of log (V, -Vi) against t would yield a straight line , Figure 1, with slope

equal to -2.303/k from which k can be calculated.

Table 1. Titration of reaction mixture againstratizized NaOH solution

S.N

Time | Burette  reading Volume | (V,-Vy | log [(Vo -|Rate
(sec) | (cn?) of sodium Vo)l(Vy -V constant,
initial | Final | nvdroxide k

3
Reading| Reading (cn) (sh
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[ P A
log (Vo -Vy)

Time / (sec)

Fig. 1 A plot of log (Y-V,) against t

16.3.4 Calculations
The reaction is a pseudo first order reaction. The rate comnstginen by
2.303

k= IOg [(Va 'VO)/(Va 'Vt)]

(Vq -Vo) corresponds to the initial concentration of the ester, a.
(V, -Vy) corresponds to (a-x), the concentration of the ester at time, t

16.3.5 Result
The rate constant of the acid catalysed hydrolysis of theaste.’C

a. By calculation, k= .................... .

b. Fromgraph, k= ....................’§
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16.4 TO DETERMINE ALKALINE HYDROLYSIS OF ETHYL
ACETATE BY CONDUCTOMETRY

16.4.1 Chemicals and apparatus required

0.01 N NaOH, 0.2 N ethyl acetate, 0.01N sodium acetate and cmigluct
water,conductivity cell, Conductivity bridge, beakers, pipette®p watch and a

thermostat.
16.4.2 Principle
CHsCOOGHs + NaOH — C#COONa + GHsOH

The progress of the reaction is measured by change in conduotdahegeaction solution

at different time intervals.
16.4.3 Procedure

1. Prepare 0.01 N NaOH, 0.01 N sodium acetate and 0.2 N ethyleasebation with
conductivity water.

2. Measure the conductance of a 0.01 N sodium acetate solutioninak&eaker.

3. Pipette out 20 cthof 0.01 N NaOH into a 250 chibeaker (labeled A) containing
50 cn? of conductivity water and keep it in a thermostatically maie@iwater
bath.

4. Pipette out 10 cfof 0.2 N ethyl acetate into another beaker (labelecBjaining
50 cn? of conductivity water and keep this beaker also in a theatically
maintained water bath.

5. After thermal equilibrium is attained pipette out 30°ashthe solution containing
the ester from beaker B into the beaker A containing the sobjahroxide and
start a stop watch.

6. Record the conductance of the solution at regular time intewwilsthe reaction

reaches completion as given in Table 2.

ko= { (Co"C) /(C-Ca)}{0.01 X 1}
k2 (0.01 x 1) = (G-C) /(C-Cy)
t ={(Co-Cy) /(C-Ca} / k2x 0.01

UTTARAKHAND OPEN UNIVERSITY Page 241



LABORATORY COURSES -l BSCCH -204

where:-

C, and G are the conductance of 0.01N NaOH solution and 0.001 N sodiuateacet

solution

Plot a graph of t against {&,) /(C-C,). Find the value of the rate constant from the slope
of the straight line.

Table 2: Conductance at various time intervals

S.N. | Time Conductance ko={ (Co-Cy) /(C-Cx)}/{0.01xt}
(min) (mhos)

16.4.4 Result

The calculated rate constant, %.......... dn?® morts?t

The rate constant obtained from the graphs k......... dn? morts?

16.5 CLOCK REACTION

16.5.1 AIM: To study (a) the effect of concentration of iodide ion solutionhenrate
of iodide ion oxidation by persulphate ions using iodine clock readi)rtp determine
the Activation energy of the reaction by studying the effecteofperature on the rate

constant and (c)to study the effect of ionic strength on theoatgant of the reaction.
16.5.2 Principle

In a clock reaction two clear solutions of potassium iodideril sodium persulphate,
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N&a,S,0g are added together with a delaying agent (sodium thiosulphatejaacid so that
a blue-black colour is observed. The appearance of blue black olostantaneous. The
reaction is called a clock reaction because the amount of thateelapses before the
solution turns blue depends on the concentrations of the startimgicate Sodium
thiosulphate is added to the solution to delay the appearance oblatiecolour. The
colour appears only when all thiosulphate is exhausted and iodireeiso form a blue

black coloured complex with starch.

The rate of this reaction reaction is first order witlspext to the concentration of

persulphate ion

[ S;0s % and second order with respect to the concentration of idaiidel ~].
Rate = k [ $0s 2][1]2

The reactions that forms the basis for the iodine clockiozaist shown below.
S0g" + 2I — 2SQ% + L (1)

The rate of reaction may be measured by adding a small, known gudritiiosulphate.
The iodine produced in this reaction (1) is, as it is formed,cesiback to iodide by the
thiosulphate:

2504+, > 2I + SO (2
thiosulphate tetrathionate

This continues until all the thiosulphate has been consumed. Fusthee formed in
reaction (1) has nothing to react with and begins to appear isothgon. To make the
measurement more precise, the colour of the iodine is enhbpdbeé addition of starch
solution. So by determining when iodine first becomes visibig gbssible to measure the
speed of reaction (1). In Part 1 of the experiment you witstigate the effect of reactant
concentration on the rate of reaction, and thereby obtain the raagoequhe effect of
temperature is studied in Part 2, and the results used tahénalctivation energy for the
reaction. Finally, in Part 3 the effect of the ionic strengththef solution on the rate is

measured, from which a possible structure of the reactiommatBate may be deduced.

At constant temperature and ionic strength, the rate equatioedction (1) is

Rate (1) = - d[8s 2]/ dt = k [$0s 2™ [I "
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In this experiment you will use the initial rate method to fine ¢lders m and n. The
stoichiometric equation (1) tells us that the rate of sonion of persulphate equals the

rate of iodine production.

In each experiment, the timat, taken to consume a known amount of thiosulphate (at
which point the solution turns blue) is noted. Provided the amount of thioseikptided is

much less than the initial amount of persulphate, we can thakapproximation
-{d[S:08 *')/ dt} ine = {d[l 2/ dt} ine= 4 [1)/ At

SinceA[l ;] is the same for each experiment, it follows ttia initial rate is inversely

proportional toAt, i.e.

-{d[S,08% ]/dt}int=constantA(3)

(

In /At =Ink + m In [SOs*] + n In [I] + c; where c is the integration constant
4)

Thus a plot of -Imt against In[$0s?] at constant [| should yield a straight line of slope

m, and a graph of -Int against In [] at constant [80s] will give n.

According to the stoichiometry of reaction 2, 1 molexahcts with 2 moles 0f;,85*
Therefore at the time (t) when deep blue black colour appears,

[ 2Jtormea = [S2O8” Tinitiat 12

Knowing the molar concentration of &t An exact time gives the rate of formation of
I,.This helps in calculating the rate of reaction 1 for any contibmaof reaction

conditions as long as the amount 0§Q§" is kept constant.

The difference between the initial and final concentratfandine divided by the amount

of time needed for this change gives the rate of thdioeac

Rate=A[l,)/ Ator

Rate = [$O0g” Jiniia /(2 At)

The time of the colour changeok.uris also the time passed during the reacitin
Therefore

Rate = [SOBZ]initiaI 1(2 teoloun
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16.5.1 Effect of reactant concentration on the ratef reaction

16.5.1.1 Chemicals and apparatus required

Potassium iodide, sodium persulphate, sodium thiosulphate, starch theddigater,

Beakers (50 cfi), standard volumetric flasks and thermometer.

16.5.1.2 Procedure

1.

Prepare 1000 ctof 1 M Kl solution by weighing 166 g of KI and dissolving it in
1000 cmi distilled water. From this stock solution, 0.8, 0.4, 0.2 @ridM K solutions
were prepared. Prepare 0.04 M sodium persulphate solution (2.7 g®Obavas
weighed and dissolved in distilled water in a 250 ewlumetric flask). Prepare 250
cm® of 0.05 M of sodium thiosulphate by weighing 1.977 g of,®@; and
transferring it into a 250 chrstandard flask and making up the solution with distilled

water.

Label the three solutions 1.0 M KIl, sodium thiosulphate and sodiunulpkease

solution A, B and C, respectively.

Prepare a reaction mixtures by pipetting out 18 @hi.0 M Kl (solution A) and 10

cm®of sodium persulphate ( solution C) and transfer into conical ftaset 1.

Then, add 1 cthof starch solution. At last add 5 &modium thiosulphate solution (
solution B ) and time taken for the first appearance of bludlslalour recorded after

this addition is noted by a stop watch.

Repeat the procedure for set 2, set 3 set 4 and set 5 (difiaacentrations of
potassium iodide solution but constant concentration of sodium thiosulphdte
sodium peroxodisulphate). Table 3 shows the total mixture composiionthe

experiment.

Construct tables of time for appearance of blue- black soluticzofarentrations of Kl
at constant concentration of sodium persulpha@?S, Table 4 and concentration of

S,06%” at constant iodide concentration, Table 5.
Calculate the rate of the reaction, k =1/t

Plot two graphs. One for It against In[80g”] at constant [| and the second for -In

At against In [I] at constant [80s?]. Plot of -In At against In[80g”] at constant []
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should yield a straight line of slope m, and a graph of\tlagainst In [] at constant
[S,06] will give n .

9. The rate constant, k, can be calculated from one of the expesiraitat we have
determined m and n. Put the concentrations ;06 $ and |” used in that particular

experiment.

16.5.1.3 Observations

Table 3. Total mixture compositions

Set Volume of &8s | Volume of $SOs | Volume of I | Starch Deionised
2 = (cmd) (cn?) water
(cm’) (cm) (cm’)

1 10 5 10 1 4

2 10 5 8 1 6

3 10 5 1 8

4 10 5 4 1 10

5 10 5 1 12

6 11 5 10 1 3

7 12 5 10 1 2

8 13 5 10 1 1

9 14 5 10 1 0

Table 4. Table for rate of the reaction: Concatibns of Kl at constant concentration of sodium

persulphate $¢° and time for appearance of blue- black solution

Set| Volume of Concentration| Time taken for Rate=[SOgs" initial /(2 tcoiou)
Kl of KI first appearance Cf(mol sl
(cnd) (M) blue-black colour
t colour (S)
1 10 1
2 |8 0.8
3 |6 0.6
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4 |4 0.4

5 |2 0.2

Table 5. Table for rate of the reaction: Concatitn of $SOg >~ at constant iodide concentration

and time for appearance of blue-black solution

Set Volume of 85 % | Time taken for firs{ [S;08” Jinital /(2 teolow)
(cm3) appearance of blue—( mol It s'l)
black colour,
t colour (S)
5 10
6 11
7 12
8 13
9 14

16.5.2 Effect of temperature

The rate coefficients k of many simple reactions are founeatg with temperature T

according to the Arrhenius equation
k=A eXd—Ea/RT)

in which A is the pre-exponential factor and E the activation gnefghe reaction. We
may interpret A as a measure of the collision frequency leetweactants in solution and
exp-E/RT as the Boltzmann factor which gives the fractionthef molecules with

sufficient energy, E, to react.

Ink=InA-E/RT

(6)

provided that Eis independent of temperature, which is usually a good approximation

over a small temperature range. Thus both A apthd&y be obtained from a graph of In k

against 1/ T .
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16.5.2.1 Procedure

1. Make up a mixture of 10 chof solution persulphate (C) with a few drops of starch
solution, and a second solution containing 18 ofithiosulphate (B) and 10 érof K
(A).
2. Place the persulphate/starch and iodine/thiosulphate solutienthermostat bath for
10 minutes, and then record the temperature of the solutions.
Mix and note the time for the appearance of the blue colour.
Repeat the procedure at 5 temperatures up“®.50

Prepare tables as in the previous section to calculate k.

o g kW

Plot a graph of log k vs 1/T. The slope of the straight linegigal to - E(2.303 R)
from which the value of activation energy, Ean be determined. The intercept of the
straight line is equal to log A, where A is the Arrhenius camsor pre-exponential

factor.
16.5.2.2 Calculations
Calculate values of the activation energy and prpemential factor
Ink=InA-E/RT
2.303 log k = 2.303 log A —IRT, where R is the ideal gas equation (8.314 J'd)
log k =log A - E/(2.303 RT)
Find the value of the rate constant at 298 K.
16.5.2.3 Result

The activation energyHor the reaction is .......... J mbl
16.5.3. Effect of ionic strength

The ionic strength of the solution affects the rate consthan ionic reaction. This is
effect is termed “primary kinetic salt effect”. It tds due to interactions between the
reactants and activated complex and the ionic atmospheres of tejypckiarged ions

which surround them in solution. Three conditions are possible

(a) If the charges on the reactants have the same sigeasimg the ionic strength of the

solution will increase the rate constant by lowering the g¥eactivation energy.
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(b) If the charges on the reactants have different signsatbeonstant will decrease with

ionic strength.

(c) If one of the reactants is uncharged, there will behamge in the rate constant with

ionic strength.

Prepare 250 chrof 0.1M (NH,).S,0s ; solutions (A).

Prepare 500 cfrof 0.1M (NH;).SO; solutions (B).

Prepare 250 chrof 0.01M NaS,0s . solution (C).

Fill burettes with solutions (A) and (B).

Make up a solution (D) in a 500 émolumetric flask with 333 crhof solution (B),
and dissolving in it 8.30 g (0.050moles) of solid KI, and making up tochtfowith

deionized water. Check that the total ionic strength of solutions(Bje same as that

o > w NP

of solution (A) and of solution (B); the formula for ionic strenigth

2
Xez;

[N

where ¢is the concentration (in molality) of each ionfgesies, and;zhe charge of each

species. The summation must include all ionic gsgaiesent in the solution.

6. Transfer 10 crhof solution A (0.1M (NH)»S,0g) and a drop of starch solution in a
100 cnf conical flask. Add 10 cfof 0.1 M KI solution (D) and 5 chsolution C
(0.01M NaS;05).

7. Mix, start the stopwatch, and record the time to the appeadinite blue colour.
Repeat with different volumes of the@? and I solutions as indicated in Table 6
below, keeping the ionic strength constant in each case by makihg upltme with

the ammonium sulphate solution.

Table 6. Table for ionic strength

Set | Volume Volume Volume Volume Time of | Rate
of S04 | of of $0;% |of I appearance
(cm®) (NH,):S0; | (cm) (cm®) of blue-black
(cn?) colour, toour
1 10 0 5 10
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2 10 2 5 8
3 10 4 5

4 10 6 5 4
5 10 2 5 10
6 10 4 5 10
7 10 6 5 10

For determining the effect of ionic strength on the rate ofdhetion, compare the initial
rates at room temperature for the following two reaction mestas an example. You can

construct a table as in Table 7 for similar comparisons.
10 cm’S,05%, 5cnf S,05°, 10cmil and 10 crh0.1M (NH,),SO; solution.
10 cn? S0¢%, 5cnmt S04, 10cnil and 10 crhdeionised water.

Table 7. Table for effect of ionic strength on ttate of the reaction

Volume ofl Volume off Volume off Volume off Volume off Time of | Rate

S$0¢% S04 0.1M I deionised | appearance

o em? (NH4)2SQy e’ water of blue
on o’ colour

10 5

10 5

16.5.3.1Result

The effect of reduction in ionic strength on the rate of readst ............
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16.6 IODINATION OF ACETONE BY COLORIMETRY

16.6.1 Chemicals required and apparatus required

0.005 M lodine solution, 0.5 M hydrochloric acid, 0.5 M acetorenpslard volumetric

flasks, spectrophotometer, cells, pipettes, paper wipes.
16.6.2 Principle

In this experiment, the progress of a reaction is followed tsgg#wtometrically. An
aqueous iodine solution is yellow. Hence it absorbs at visdden of the spectrum.
When an aqueous iodine solution is added to acetone in the presancacad, the yellow
color fades as the iodine is consumed to give the iodinated proodcécetone. As the

reaction progresses to completion the absorbance monitored at 4@&&psr&ducing.
CHCOCHs+ 1, __H')  (CHI) COCH; + HI
The rate law for this reaction can be written as:

rate = k [b]?[H"]° [(CH3).C=OT , where a, b, c are the order with respect to iodine, acid
and acetone. In this experiment you will use the method d@dliméttes to determine the
value of the rate constant, k, and the orders of theioeawith respect to,l(the value of

a), H' (the value of b), and GGOCH; (the value of c).

The rate of this reaction will be followed by watching tbkigons' yellow color fade over

time.
rate = -A [l5]/At

You will perform six runs using different concentrations of reaist For each run, you
will produce an Absorbance vs. Time plot. The slope of each @tobe used to find the
initial rate of the reaction for that particular run. Sinte todine concentration is
proportional to absorbance (A), you must also calculate the cobstelating absorbance

to iodine concentration for your spectrometer using the followgugton.
A=bl]

rate = -A [l5]/At
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Because you are following the rate of the reaction by mea@stire change in absorbance
of the solution, you will need to divide the change in absorbandenss by the constant

b.
rate = =AA/ (b At)

In this manner, the Absorbance vs. time plot can be used to dh¢ainitial rate of the

reaction in concentration per unit time.

Absorbance
&>

Time
Fig.2. A plot of Absorbance vs. Time

16.6.3 Procedure

1. Prepare and label clean dry test tubes so that there i$ @mliesfor each set as
given in Table 1. Add the components, except iodine, for each exgrernnto the
corresponding test tube. (For example: Set 1 would have afametone, 5 cfiof
hydrochloric acid and 3 chof deionized water.)

2. Add the corresponding volume of iodine solution into the test tulbeteld Set 1,
Set 2 etc. when you are ready to put the solution in a cuvetteeBurements.

3. Rinse and fill one of the cuvettes (% full) with deionisedewdthe blank). Hold
the cuvette from the opaque sides of the cuvette. Wipedhs ef the cuvette.

4. Place the cuvette containing the blank in the spectrometerbr&ali the
spectrophotometer.

5. Then place the cuvette with the sample.

6. Determine the wavelength of maximum absorbance which is at 400 nm

Record the absorbance at 400 nm as a function of time a&tWes interval as
given in Table 7. The solution will start losing color as sooreastants are mixed

together and the absorbance value will decrease.
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16.6.4 OBSERVATIONS

Table 7. Absorbance at 450 nm with time

Setl Set 2 Set3 Set4 Set 5 Set 6

T ADbs. T Abs T Abs T Abs T Abs T Abs

10

12

T=time in min, Abs.= absorbance

7. Plot absorbance as a function of time for each of theGataulate the rates.
rate= k [b]? [H']° [acetone]

The value of rates obtained for set 1 and 2 leads to the expression
Ratel/rate2 = k §]:*/ K[I5].?

The concentrations of acetone anl ale the same for these two reaction mixtures and
since the concentration of iodine is in the ratio of 2:1, the ebeyuation can be

rearranged as

rate/ ratg = 2

or, log [rate/ ratg] = a log 2
a = log [rate/ rate] / log 2

Similarly, we can find the rate ratio for reaction mixtuoesets where the concentrations

of acid and acetone are different and the values of b andbeazaiculated, respectively.

16.6.5 Result
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i. The order of the reaction with respect to lodine, a, is .........
ii. The order of the reaction with respect to Hydrochloric acid.h,......

iii. The order of the reaction with respect to Acetone, ¢, is.......

16.7 SUMMARY

In this chapter we learned about the kinetics of reactionhaném of hydrolysis of
ethyl acetate. We get knowledge about order of reaction and tisnueation by
volumetric analysis.The experiments also provided an idea ahtmtconstant and
determination of energy of activation. Colorimetric estimatbnodine gives an idea

about spectroscopic technique used for characterization of molecules.

16.8 TERMINAL QUESTIONS

1. Define rate of a reaction

2. Define order of a reaction

3. What are the factors which determine the rate of aioedct

4. Which equation gives the temperature dependence of rate msta

5. What happens to the ratio of rate constants of a reactiba retction is carried out at

two temperaturesifand T with a difference of 16C?
6. What is the order of acid-catalyzed hydrolysis of methylee@t

7. What is the purpose of adding sodium thiosulphate $olution of potassium iodide,

Kl and sodium persulphate, M&aOg in a b clock reaction?
8. What is the principle behind alkaline hydrolysis of ethyl aedbgtconductometry?
9. Give Beer-Lambert’s law.

10.What was the absorbance wavelength monitored for aqueous iodineorsaiuti

iodination of acetone?

16.9 ANSWERS

1. Rate of a reaction is the amount of substance reacted or prquirogcit time.
2. The order of a reaction is the sum of all the exponents to whinbeatration

terms are raised in a rate law.
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3. The factors that affect the rate of a reaction aréalnibncentration of reactants,
temperature and catalyst.

4. Temperature dependence of rate constant is given by Arreteapiasion,

k = A dEaRT)

5. The ratio of rate constants doubles and in some cases triples.

6. Itis a pseudo first order reaction.

7. The purpose of adding sodium thiosulphate to a solution of potassdide; Kl
and sodium persulphate, ¥a0Og in a L clock reaction is to delay the appearance
of blue colour of thejlstarch complex. It converts iodine back to iodide ions.

8. The principle behind alkaline hydrolysis of ethyl acetate by caoduetry is to
monitor the progress of a base catalysed reaction by conductieidgurements
which depend on the mobility of ions produced or replaced in the reaciiaton.

9. A=¢cl, where
A is the absorbance,is the molar absorbtion coefficient, ¢ is the comcentration
expressed in moltand | is the path length of the cuvette (1 cm).

10. Aqueous iodines absorbtion was monitored at 400 nm.
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