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UNIT 1: INTRODUCTION LAB TECHNIQUES:
INORGANIC CHEMISTRY

CONTENTS:

1.1 Objectives

1.2 Introduction

1.3 Location of Laboratory Equipments

1.4 Laboratory Note book

1.5 Laboratory Apparatus and Operation: Heatingdévation, Precipitation,
Digestion Filtration, Drying and Ignition of precipitationpoling, weighting;

1.6 Common Laboratory reagents

1.7 Laboratory Safety

1.8 Summary

1.9 Terminal questions

1.1.0OBJECTIVES

This course is designed to ensure that all theestisdregardless of their educational
backgrounds are competent in necessary laborakilty. SThese skills include but are
not limited to the use of an analytical balancdurnwtric glassware, various pipettes,
performing titrimetric and spectrophotometric deterations and learning the proper
use and calibration of microscopes and centrifugiésidents should also become
familiar with using laboratory apparatus.

Use the proper laboratory techniques to do the fadiwing;

* Pour liquids from a glass-stopper bottle.

» Transfer solids from a bottle.

* Heat liquids in a beaker.

* Heat liquids in a test tube.

* Light and adjust a Bunsen burner.

* Measure to 0.1 cm with a metric ruler.

* Use a graduated cylinder to measure volume.

* Use an analytical balance to measure mass.

1.2INTRODUCTION

Introduction to basic laboratory techniques andcedures necessary for competent
performance. Topics will include laboratory Reagemtpparatus, Glassware laboratory
safety, volumetric and gravimetric measurementigtitons, critical evaluation of data,

laboratory mathematics, preparing solutions andtidihs, and basic spectro photometric
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LABORATORY COURSE-I BSCCH- 104
measurements. The purpose of this experiment isttoduce several of the tools and

techniques necessary for success in this course.

Chemistry is an experimental science, and the &boy is where you learn about “how
we know what we know about it.” The laboratory deaith the processes of scientific
inquiry that organic chemists use. It demonstrétesexperimental basis of what your
textbook presents as fact. The primary goal ofldheratory is to help you understand
how Chemistry is done by actually doing it. Leaghihow to obtain and interpret
experimental results and draw reasonable conclsigiom them is at the heart of doing
science. Your laboratory work will give you the @pfunity to exercise your critical

thinking abilities, to join in the process of saien

1.3 LOCATION OF LABORATORY EQUIPMENT

(&) Chemicals and Solvents Organic and Inorganic:
Acids and Bases - under hood
Solvents - on shelves at end of benches

(b) Ovens and Refrigerators:
Each oven is designated for a specific purposen@glace any plastic items in the
ovens. All samples must be clearly labeled with ittentity of compound, your
name and date. Ovens will be cleared weekly anadapesly labeled samples will
be removed. Refrigerators. Samples must be clé&yled.

(c) Balances:
Abuse of balances and littering of the area witl Io@ tolerated.

1.4 LABORATORY NOTE BOOK
1.4.1. General Guideline:
1. Use a ballpoint pen (press hard if duplicate pa@ésie on one side only.

2. Do not erase or use whiteout. If you make a mistdkaw a single line through
the error and write the correct entry on the topide of it.

3. Do not remove an original page. If the entire pagécorrect, draw a single
diagonal line through the page and state the refasdhis line.

Record all data and results (with units) directifoiyour notebook.

Do not record data on scrap paper, your hand,tetbe transferred later.
Start a new page for each new experiment.

Write the title of the experiment, date, and yoame at the top of each page.
Indicate if a page is continued from the previoage

© © N o g s

Never skip a space for later additions.
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LABORATORY COURSE-I BSCCH- 104
1.4.2. Components
A. Pre-Lab — a detailed plan of the work that you wll be doing:

1. Brief statement of purpose.

2. Paragraph discussion of the safety and environrheistaes (ex. waste
generation).

3. Step-by-step procedure in your own words. Be cenaisd complete, but do not
cop the lab manual. Use diagrams and sketches whesssary. Reference all
sources of Information.

Note: The lab manual may not be brought into the laboyato consulted during
thelaboratory session. However, the appendices arevedl.
B. Factual Record — what to record:
Keep a running account of all procedures carriedand observations made during
experimental work.

1.Record observations such as physical appeararaer, odor, and physical
properties.

2.Sketch apparatuses and label parts.

3.Use a table to record all information about reats (see below).

4.Record all data and results, including the cryidiel of products and mixtures. Use
tables when possible.

5.All of the reactants must be accounted for infdetual record. For example, if

you started with 1.0 mol of Reactant 1, you musbaat for the fate of all 1.0 mols

at the end of the reaction. Simply describing gwated 0.25 mol of product at the
end (for example) will not be acceptable.

6.For calculations, show the formula and a samaleutation. If the calculation is
repeated; use a table to report your results.

7.All graphs should be constructed with a graphanggram. Label all axes and
providea title for each graph.

8.Attach all spectra to your notebook, label thesayand reference the spectra in the
procedure section.

Data Analysis/Conclusions:

Examine and discuss the accuracy and precision oofr Wata. Is the precision
reasonable? Discuss possible systematic and raedars. Summarize the key results
and provide a conclusion. Describe any difficultieat you had. Discuss which results
are poor and provide explanations. Provide suggesfior improvement.

Uttarakhand Open University Page 3
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1.5 LABORATORY APPARATUS AND OPERATION

A. Common Laboratory Apparatus:
Beakersare useful as a reaction container or to hold digurisolid samples. They are
also used to catch liquids from titrations anddis from filtering operations.

]

(-
[yl

Bunsen Burnersare sources of heat.

f)

Burettes are for addition of a precise volume of liquid. N@umeof liquid added can
be determined to the nearest 0.01 ml. with practice

==~ I O S O W W

Clay Triangles are placed on a ring attached to a ring standsapport for a funnel,
crucible, or evaporating dish.

Droppers are for addition of liquids drop by drop

Uttarakhand Open University Page 4



LABORATORY COURSE-I BSCCH- 104
Erlenmeyer Flasksare useful to contain reactions otimld liquid samples. They are

also useful to catch filtrates.

Glass Funnelsare for funneling liquids from one contairteranother or for filtering
when equipped with filter paper.

\.\:::/,
||

V
Graduated Cylinders are for measurement of an amounligdiid. The volume of

liquid can be estimated to the near@st mwith practice.

Dwmwmm\mm 0

Hot Platescan also be used as sources of heat whepem flame is not desirable.

Pipetsare used to dispense small quantities of liquids.

Uttarakhand Open University Page 5
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Ring stand with Ringsare for holding pieces @flassware in place.

Test Tubesare for holding small samples

Test tube holdersare for holding test tubes when tutse®uld not be touched

Volumetric Flasks are used to measure precise volumes of liquid orake precise
dilutions.

Wash bottlesare used for dispensing small quantities of detillvater.

Uttarakhand Open University Page 6
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Watch glassesre for holding small samples or fowvering beakers or evaporating

dishes.

Wire Gauze on a ring supports beakers to be heated by Bunserts

B. Laboratory equipment:

Balancesare used to determine the mass odagent or object.

Spectrophotometersare used to measure thksorbance or transmittance of a liquid
sample.

Uttarakhand Open University Page 7
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1.6

COMMON LABORATORY REAGENTS

Name General Description

Acetic acid An organic acid; is one of the singplearboxylic
acids.

Acetone An organic compound: simplest example &f th
ketones

Acetylene A hydrocarbon and the simplest alkynéjely
used as a fuel and chemical building block

Ammonia Inorganic; the precursor to most nitrogen-
containing compunds; used to make fertilizer.

Ammonium hydorixde Aqueous ammonia; used in tradal qualitative
inorganic analysis

Ammonium hydoride Aqueous ammonia; used in trad#@loqualitative
inorganic analysis

Azobisisobutyron trile Organic compund; often usad a foamer in
plastics and rubber and as a radical initiator

Baeyer's reagent An alkaline solution of potassipemmanganate;
used in organic chemistry as a qualitive testtier {
presence of unsaturation, such as double bonds

N-Bromosuccinimide Used in radical substitutiondarlectrophilic
addition reactions in organic chemistry

Butanone(methykthyl ketone) Organic compoud; similar solvent properties [to
acetone but has a significantly slower evaporatjon
rate.

Butylated hydroxytoluene A fat soulbe organic comnpd that is primarily
used as an antioxidant food additive

n-Butyllithium An organolithium reagent; used as |a
polymerization initiator in the production of
elastomes such as ploybutadience or styrene-
butadiene-styrene(SBS)

Carbon disfulifde A non-polar slovent; used fregflyeas a building
block in organic chemsitry

Carbon Toxic, and its dissolving power is low;
consequently, it has been largely

Tetrachloride Supersede by deuterated solvents
Often used for the coupling of amino acids fpr

Carbonylidiimidazole peptide synthesis and as a reagent in organic

Uttarakhand Open University
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synthesis

Ric ammonium nitrate

An organic compund; used asxadiising agent in

organic synthesis and as a standard oxidant i

guantitative analysis

Chloroform

Organic compound; often used as CDd
(deuterated chloroform) as a solvent for NM
spectroscopy and as a general solvent.

13
R

Chromic acid

A strong and corrosive oxidisig ageran
intermediate in chromium plating

Chromium trioxide

The acidic anhydride of chromada mainly used
in chrome-plating .

Chromium trioxide

The acidic anhydride of chroramd; mainly used
in chrome-plating

Colloins reagent

Used to selectivley oxidize pmynalchols to an
aldehyde

Copper(l) iodide

Useful in a variey of applicatiomanging from
organic sysnthesis to cloud seeding

Dess-martin periodinane

Chemical reagent usedithzexprimary alcohols
to aldehydes and secondary alcohos to ketones

Diborance

The central organic synthesis reagent
hydroboration

Diethyl azodicarboxylate

A valuable reagent buisatjuite dangerous an
explodes upon heating

Diethyl ether

Organic compound; a common laboraotyent

Dihydropyran

A heterocyclic compound; used as atguting
group for alcools in organic synthesis.

Disobutlyaluminum hydride

An organoaluminium compdua redcing agent
converts esters and nitriles to aldehydes

Diisopropyl azodicarboxylate

The diisorpropyl esté azodicarboxylic acid; &
reagent in the production of many organ
compounds

Dimethyl ether

The simplest ether, a useful premur® other
organic compounds and an aerosol propellant

Dimethylformamde

Organic compound; a common solvdot
chemical reactions

Dimethylsulfide

Organosulfur compund; used in pletwon refinint
and in petrochemcal production processes;
reducing agent in ozonolysis reactions.

Dimethyl sulfoxide

ic

An organosulfur compound; an or@ant polar

Uttarakhand Open University
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aprotic solvent that dissovles both polar apd
nonpolar compounds

Dioxane A heterocyclic organic compound; clasdiftes an
ether

Ethanol A powerful psychoactive drug; used in bt
beverages, in thermometers, as a solvent, and as a
fuel.

Fehling’s reagent Used to differentiate between ewabluble
aldehyde and ketone functional groups

Fentons’ reagent A solution of hydrogen peroxided aan iron
catalyst that is used to oxidize contaminants |or
waste waters.

Formaldehyde The simplest aldehyde; an importaatypsor to
many other chemical compounds; such |as
ploymers and polyfunctional alcohols

Formic acid The simplest caroxylic acid; often uasda source
of the hydride ion

Grignard reagents The most common applicatidierialkylation of
aldehydes and ketones;

Hydrazine It's a good reducing agent and is useitie wolff-
kishner reaction for reducing carbonyls to its

corresponding alkanes. Used as a foaming agent in

preparing polymer foams; also a precursor

to

polymerization catalysts and pharamceuticals; also

as an oxygen scavenger in power plants.

Hydrazoic acid

Used primarily for preservationstdck solutions,
and as a reagent

Hydrochloric acid

A highly corrosive, strong miaéacid with many
industrail uses

Hydrofluoric acid

Valued source of fluorine, presor to numerous
pharamceuticals; highly corrosive

Hydorgen peroxide

Commonly used as a bleach

Imidazole

An organic compound; this aromatic hmtgclic
is a diazole and is classified as an alkaloid

Isopropyl alcohol

Simplest example of a secondéggt; dissolves
a wide range of non-polar compounds

Lime

Used in flue gas desulphurisation in powentda

Limestone

Used in Flue Gas Desulphurisation in pgants

Manganese dioxide

Used as a pigment and as a pozcto other

Uttarakhand Open University
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manganese compounds; used as a reagen
organic synthesis for the oxidiation of allyli
alcohols

t in

Methyl tert-butyl ether

A gasoline additive; alsged in organic chemistry
as a relatively inexpensive solvnet.

Millon’s reagent

An analytical reagent used toedetthe presence
of soluble proteins

Nitric acid

Highly corrosive and toxic strong acidsed for
the production of fertilizers, production d@
explosives, and as acomponent of aqua regia

=

Osmium tetroxide

In organic synthesis, is widelyed to oxidise
alkenes to the vicinal diols

Oxalyl chloride

Used in organic synthesis for thepgaration of
acid chlorides from the corresponding carboxy
acids

c

Palladium(ll) acetate

A catalyst for many organieagations by

combining with many common classes of organ

compounds to form reactive adduct.

Cc

Perchloric acid

A powerful oxidizing agent; regdilforms
explosive mixtures; mainly used in the producti
of rocket fuel

Phosphoric aicd

A mineral acid with many industriakes;
commonly used in the laboratory preparation
hydrogen halides

of

Phosphorus

One of the most important phosphonasides; a
chlorinating reagnet.

Pentachloride

Also used as a dehydrating ageriones which
turn them into nitriles.

Pposphorus trichloride

Most important of the thpb®sphorus chlorides

used to manufacture organophosphof
compounds; used to convert primary a
secondary alcools into alkyl chlorides, ¢

carboxylic acids into acyl chlorides.

us

DI

Phosphoryl chloride

Used to make phosphate esterls as tricresyl
phosphte.

Potassium dichromate

A common inorganic chemicageat, most
commonly used as an oxidizing agent in vario
laboratory and industrial applications

Potassium hydroxide

A strong oxidizing agent; car hsed to
guantitatively determine the total oxidisall

e
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organic material in an aqueous sample. A readgent

for the synthesis of organic compounds

for

Raney nickel An alternative catalyst for the hydrogtion of
vegetable oils; in organic synthesis, used
desulfurization

Silver oxide Used to prepare other silver compouimderganic

chemsitry, used as a mild oxidizing agent.

Silver nitrate

Precursor to man othe silver compusyn

commonly used in organic chemsitry to abstract

halides

Sodium amide

Used in the industrial production aidigo,
hydrzine, and sodium cyanide; used for the dryi

>

g

of ammonia; used as a strong base in organic

chemstiry

Sodium azide

Gas-forming component in airbag systersed in
organic synthesis to introduce the azide functio
group by displacement of halides

nal

Sodium

A versatile reducing agent; converts ketoared
aldehydes to alcohols

Sodium chlorite

In organic synthesis, used for thedation of
aldehydes to caroxylic acids.

Sodium hydride

A strong base used in organic sith

Sodium hydroxide

Strong base with man industrigsesy in the
laboratory, used with acids to produce t
corresponging salt, also used as an electrolyte

Sodium nitrite

Used to convet amines into diazo poumds

Sulfuric acid

Strong mineral acid; major industrizde it the
production of phosphoric acid

Tert-Butyl hydroperoxide

Used in variety of oxidati processes
industrially, is used as a starer of radig
polymerization

al

Tetrahydrofuran

One of the most polar ethersseful solvent; its
main use is as a precursor to polymers

Tetramethylsilane

The simplest tetraorganosilanayiling block in
organometallic chemistry

Thionyl chloride

An inorganic compound; used inlocimation
reactions; converts carboxylic acids to ag
chlorides

Thiophenol

An organosulfur compound; the simpkastmatic
thiol

vl
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Titanium tetrachloride An intermediate in the proton of tiatnium

metal and titanium dioxide

Tollens’ reagent A chemical test most commonlydusedetermine

whether a known carbonyl-containing compound
is an aldehyde or a ketone

Triphenylphosphine Used in the synthesis of omanand

organometallic compounds.

1.6. LABORATORY SAFETY

GENERAL SAFETY RULES:

1. The safe way is the right way to do your job. Pfanr work. Follow instructions. If
you do not know how to do the experiment safeli,yasir teaching assistant.

2. Be able to use all safety devices and protectivépegent provided for your use and

know their location (eyewash fountain, shower, fire blanket, fire egtiisher).

. Safety goggles must be worn at all times.

4. Do not eat or drink in the laboratory (and do not storedfdn the refrigerators).
Smoking in the laboratory is absolutely forbidden.

5. Horseplay in any form is dangerous and prohibiBminot run in laboratory areas.

6. Report to your TA all unsafe conditions, unsafesaeind "near misses" that might
cause future accidents. Report any accident grrfmanatter how trivial, to the TA.

Hazardous Chemicals:

(a) Be especially mindful of fire hazards when yowour lab neighborare working with
flammable liquids.

(b) Hazardous Substances: Know common explosive, ,taxid carcinogen materials and
use them only with adequate safeguards.

(c) Never leave a reaction or experiment running enattd, unless you have told your
lab partners enough about it to deal with potemh@dards while you are away.

(d) Keep hood and bench top areas clean and workpate snaximized.

Disposal of solvents, chemicals and other materials

Never pour solvents or reactive chemicals down andrSuch careless handling of

flammable or toxic liquids presents a serious hdazaithe laboratory. Also, never keep an

open beaker of such solvents outside a hood. @hl@d solvents are poured into solvent

waste containers kept inside the hoods. When ibtdalbout how to dispose of something,

ask a TA. If drain disposal is necessary and aetdgmt always flush the drain before,

during, and afterwards with a lot of water, alwagsng the drains in the hoods. All glass

must be discarded in the specially designed coatsirA dustpan and brush for broken

glass can be checked out of Lab Supplies. Spilleccuny is a special safety hazard and

should be reported to your TA for cleanup.

w
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1.7. SUMMARY

This course introduces the nntroduction aboutdahniques to student3he whole cours
material contains the following information.

» Location of laboratory equipment in the laboratory.

* General Guideline of the laboratory.

* A detailed plan of the work that students will merd).

» Laboratory apparatus and operation.

* Common Laboratory Apparatus used in the Experiments

« Common Laboratory Reagents used in the Experiments.

* General safety rules.

1.8. TERMINAL QUESTIONS

1. Define various precautions of Chemistry lab.
2. What is the difference between burette & gragligipette?
3. Name of all apparatuses used.

UTTARAKHAND OPEN UNIVERSITY Page 14
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UNIT 2: IDENTIFICATION OF ANIONS

CONTENTS:

2.1 Objectives

2.2 Introduction

2.3 Classification of the anions: Anion of class I, amiof class II, Anion of class llI

2.4 Preliminary Tests for the Anions: Preliminary tefgtsthe anions of class |, anions
of class Il, and anions of class lIl.

2.5 Preparation of solution for identification of thei@ns: Preparation of water extract,
Preparation of sodium carbonate extract.

2.6 Confirmatory test for the anion: Test for thipbkide ions, sulphite ions, sulphate
ions, thiosulphate ions, nitrite ions, nitrate iprazetate ions, , chloride ions,
bromide ions, iodide ions, oxalate ions fluoridesp phosphate ions, and borate
ions; special test for the mixture of the anions.

2.7 Summary

2.1. OBJECTIVES

* To identify common anions in solution using simglelitative chemical tests.

* Plan a procedure for the analysis of an unknowuatiso of an anion and describe
that procedure with a flow chart.

» Identify different anions using a qualitative aysaé$ technique.

* The purpose of this experiment is to determine twdr@ons are present in an
unknown sample. We will be looking for the commanoas sulfide (&), sulfate
(SO2), sulfite (SQ%), phosphate (P§)), carbonate (C¢), chloride (CI),
bromide (Bi), iodide (I), acetate (gH3O,) and nitrate (N@).

2.2 INTRODUCTION

In this chapter, you will identify anions in unknovsubstances. Instead, in this lab, you
first will perform some preliminary tests using AGY BaCh, and BSO.. In these tests,
certain groups of anions will react while otherugye of anions will not react. By analyzing
the results of the first part of the experiment, yhould be able to eliminate half - if not
more- of the anions as possibilities in your unknowou will then perform confirmatory
tests for the remaining anions in question to deitee whether the anions are present or
absent.

The goal of this experiment is to develop technigfee identifying unknown substances.
You will identify unknown solutions as containingeof the following: C| Br, I-, HPQ?*
,orSQ %

UTTARAKHAND OPEN UNIVERSITY Page 15
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The inorganic qualitative analysis involves thenidfecation of ions present in a sample.
The salt consists of anion and cation. The basigeagitification is the observed chemical
behaviour of the components. The salt analysis beagystematically carried out in the
following three steps:

i) Preliminary examination

i) Detection of anions and

iii) Detection of cations

2.3 CLASSIFICATION OF ANIONS (ACIDIC RADICALYS)

The anions are provided by the acids in the prooéssalt formation; hence these are
generally referred to as acidic radicals. Thesé&adgl cannot be divided in the systematic
groups as has been done in the case of the catitmvgever, for the sake of simplicity,
these have roughly been divided into three growggsedding upon their reactions with
certain regents.

Classification of acidic radicals or anions:

Group Name and formula Group Reagent Inference of the

of the Radical group

Class | Carbonate (C¢) Dil. HCl or Gases of different
anions Sulphite (S@) H,SO; (Cold or colours and
(First Sulphide (8) hot.) smells are
group) Acetate (CHCOOQO) evolved.

Nitrite (NOy)
Thiosulphate (85%)

Class I Chloride (CI) Conc.HSO, Gases of different
anions Bromide (Br) (hot.) colours and

(Second lodide (I smells are
group) Nitrate (NQ) evolved.

* Oxalate (GO4?)
* Borate (BQ®)
* Fluoride (F)

Class 1l Sulphate (S@) Barium chloride A white
anions * Phosphate (P£J) (BaCh) in precipitate
(Third presence of dill. appears.
group) HCI. A yellow

Ammonium precipitate
molybdate appears.
(NH4)2MOO4 in
presence of conc

UTTARAKHAND OPEN UNIVERSITY
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* Interfering radicals (or anions)

HNO;. |

2.4 PRELIMINARY TEST FOR THE ANIONS

A preliminary test for the anions is done on thsiaf their class or group.
Preliminary Tests for the Anions of Class | (Groupl)

The salts of these anions are decomposed by gfiOHor dil. HCI which serves as their
group reagent. These anions with their prelimiriasgs are summarized below.

Take a small amount of salt or mixture in a dryt tabe and add 5-6 ml of dil. .80, or

dil. HCI. Observe the reaction taking place in thst tube. If there is no reaction, heat the
contents of the test tube gently and observe tbedsaolour and odour of the gas evolved.
From the observation, guess the presence of tloa acicording to the following table:

S. No. | Anion Experiment Observation Inference
1. Carbonate anion On conducting | *Brisk COs® may
(COs%) the above | effervescence be present.
experiment with | with evolution of
dil. acids in cold | colourless,
or on heating. odourless gases
(COy).
2. | Sulphite anion In the above If the colorless (SO
(SO%) experiment. gas with may be
suffocating present.
odour of burning
sulphur is
evolved (SQ)
3. | Sulphide anion On conducting | ** Evolution of () may
(%) the above | colourless gas be present.
experiment. with smell of
rotten eggs
occurs (HS)
4. | Nitrite anion (N@ | In the above **Brown fumes | NO; may
) experiment. with pungent be present.
odour
(NOy) are
evolved.
5. | Thiosulphate anion| On conducting |If the colorless (S,0:7) is
(S,05%) the above gas with expected
experiment. suffocating odour | to be

UTTARAKHAND OPEN UNIVERSITY

Page 17




LABORATORY COURSE-I

BSCCH- 104

is evolved and present.
solution in test
tube becomes
yellowish white
with turbidity.
6. | Acetate anion The same Small of vinegar | (CH;COO
(CH3COOQO) experiment as is noticed without | ) is
has been given |evolution of any | expected
above is gas (CHCOOH) |to be
conducted and present.
thus

Note:

* Basic carbonates of Pb and Bi do not evolve,Gith effervescence, but do so
gradually.

**Many sulphides, e.g. those of Ag, Hg, As, Co awiddo not decompose on heating

with dil. HCI or dil. bSOy. Therefore, the salt or mixture is heated withocdhiCl alone or
with little zinc to observe the evolution of,8l If no S smell is noticed, the above
sulphides are taken as absent.

***All nitrites are soluble in water. The liberatédiO, gas turns FeS(olution black.

Preliminary Tests for the Anions of class Il (groupll).

The group reagent for the anions of this clas®rccHSQ,, i.e., the salts of these anions
are readily decomposed by conc,S&, After performing the preliminary tests of the
anions of group | or class |, take a small amodithe salt or mixture in a separate dry test

tube and add conc.,BO4(2-3ml). then heat gently for some time. Obsene rigactions
occurring in the test tube as well as the gaselwed@ccording to the following table.

S. Anion Experiment Observation Inference
No.
1. | Chloride anion | In the above Colorless pungent | (CI) may
(cn experiment, gas (HCI) is evolved | be present.
2. | Bromide anion | In the above Red brown gas (By |Bris
(Br) experiment, is evolved and expected.
solution becomes
orange.
3. | lodide anion () | On conducting the | Dark violet fumes (N May
above reaction. (1) are observed be present.
4. | Nitrate anion In the above * Pungent light @O
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(NO3) reaction. brown gas (Nis may be
evolved. present.
5. | Oxalate On conducting the | **colorless, (C2 O
anion above experiment | odourless gas is is
(C, O2) (strong heating), | evolved which burns | expected

with blue flame at
the mouth of the test
tube on bringing a
burning stick near

the mouth
6. | Fluoride anion | On strong heating | White pungent (F)is
(F) the contents of the| smelling gas is expected
test tube. evolved and test tube

becomes greasy
7. | Borate anion The borates are not decomposed by only cop8CHbut
(BO5) in presence of ethyl alcohol or CaGhey give
compounds which can easily be detected. It will be
discussed latter.

Note: * All nitrates are soluble in water.

**Qxalates of K and NH" are soluble in water. Ferrous oxalate is sparisghable. All
other oxalates are insoluble.

2.5 PREPARATION OF SOLUTION FOR IDENTIFICATION
OF THE ANIONS

For the identification of the anion(s) in the sait the mixture, the anion (s) must be
brought in solution, i.e., in free state so tha &mion (S) may give suitable tests with the
suitable regent (s). Many salts are soluble in wategive free anions and cations in
solution, e.g. most of the ammonium salts and thafsalkali metals are soluble. All
nitrites, nitrates, acetates and many halides &e soluble in water. In the aqueous
solution many anions can be detected. It is usualyer to bring the anion (s) into the
solution as soluble sodium salts by preparing smdaodium carbonate extract which is
obtained after boiling the salt or mixture withexcess of sodium carbonate solution.

Preparation of Soda Extract:

Mix one part of the solid salt or mixture with 3rfgaby weight of sodium carbonate and
10-12 ml. distilled water (mineral free) and badr fabout 8-10 minutes in a beaker or
comical flask. Filter the contents while hot. Tligdte, known as soda extract, is used for
detecting (or testing) most of the anions. Thedwsileft on the filter paper may be

dissolved in water or dil. HCI and tested for basidicals whose salts are insoluble both in
dil. and conc. HCI.
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The excess sodium carbonate taken reacts with @ahsixture of the salts whereby the
anions or acidic radicals are converted to theiresponding sodium salts which are water
soluble and can be filtered off. Thus the anionmeaown in the filtrate along with the
excess of sodium carbonate. The cations or thec basiicals are converted into their
corresponding carbonates almost all of which aseluble in water and therefore remain as
residue on the filter paper along with unchangédis gamm. carbonate is soluble).

Let X represents the basic radical (cation) andh& acidic radical (anion) of any salt.
When such a salt (XY) is heated with excess oflsndiarbonate, the following reactions
take place:

XY+NaCGO; — XCerNaY (X and Y are bivalent radicalg)g.
SnCh+NaeCO; —  SnCQ+2NaCl (Soda extract)
CaGOs+ NaCO; — > CaCeNaC,0,4 (Soda extract)

The filtrate so obtained after neutralization wsthitable acid, can be used to detect certain
anions. The acid is to be added in excess till m#bbease to evolve. This indicates the
complete neutralization of the solution (soda estjraThe common anions which can be

identified easily using soda extract along with #woéd used for its neutralization and the

reagent added for the identification are giverhmfollowing table:

Anion Experiment observation Inference
Cl,Br, I dil. HNOs AgNO; soln. AgCl: white ppt,
AgBr: light yellow
ppt., Agl-yellow ppt.
NO3 dil. H,SOy Freshly prepared Brown ring of FeSQ
FeSQ solution NO compd. results.
SO~ dil. HCI BaC} soln. BaSQ@ White ppt.
C.04” dil. CH;COOH CaC]} soln. CaGO4: White ppt.
CHsCOO dil. HCI Neutral Fed | Basic ferric acetate:
solution. brownish red ppt.
PO~ dil. HNO;3 Conc.HNQ+(NH,), | Canary yellow ppt.
MoO,, heated and
cooled.
Here,

Column 1 represents the acidic radicals whose sodaits are found in the extract.
Column 2 gives the acid to be added for neutrajitire excess of sodium carbonate.
Column 3 contains the names of the reagents adudedd identification.

Column4 represents the characteristic changes varelobserved during identification of
the said anions.

Following are the advantages of preparing sodaeixtr
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(i) It removes the basic radicals which may interfaréhe systematic identification of the
anions, by converting them into insoluble metaboaates.

(i) The identification of anions becomes easier in dhse of compounds insoluble in
water and dil. acids.

(iii) It helps in the identification of certain basic i@als (cations) of compounds insoluble
in water, conc. HCI, HNg) etc. For example: BaS{(6rSQ, etc.

Precaution: NgCO; used in the preparation of soda extract shoulgplre, free from

chloride and sulphate which are generally preseimaurities.

Note: Carbonate ion (GP) is not detected by this method because it alreayes from

sodium carbonate. Hence it should be detecteceisahd salt or mixture.

2.6 CONFIRMATORY TESTS FOR THE ANIONS

The presence of the anions in the salt or mixtareoinfirmed after the preliminary tests
have been done. The confirmatory test for variousre is carried out as follows:

1. COs* anion:

It the colourless gas evolved during the prelimyriasst is passed into lime water*, it turns
milky due to the formation of calcium carbonateQCy. If passing CQis continued for a
long time (excess), milky colour disappears, becomes soluble due to the formation of
calcium bicarbonate, Ca (HGJ2. This confirms the presence of €@on.

Note. SOs* ion also gives the same test Hence the presengg 60 is confirmed after
testing for S@ ion. It is better to test both Gband SG* ions simultaneously.

2. SOs% anion:

(DIf the colorless gas evolved during the preliampntest is brought in contract with
the filter paper moistened with acidified potassidibhromate, solution**, the
paper turns green.

(inTake 1ml. soda extract, add to it acetic acigékcess to make it neutral. Then add
to it BaCh solution and filter. To the filtrate, add bromimater and heat, white
precipitate of BaS@is obtained. These tests confirm the presencaé)gﬂr ®n.

3. S anion:

(i) If the colorless gas evolved during the pretiary test turns filter paper dipped in
lead acetate solution black on bringing it at treuth of test tube, it confirms the
presence of Sion.

(ilTake 1 ml. soda extract and add to it few drabssodium nitroprusside, the
solution becomes violet, again confirming the pneseof $-ion.

4. NOyanion:

() If the brown gas evolved during the preliminaegt turns paper dipped in starch

+ KI solution blue, presence of NQon is confirmed.
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(i) Add 2-3 drops of KI and starch solution in ttest tube during the preliminary
test, deep blue or violet color if appears, it agaonfirms the presence of NO
ion.

5. S$,04% anion:

()If SOs%, S or SQ? is present, shake a portion of the soda extraitt GICQ or
PbCQ and then with Sr (Ng€). solution. Filter and discard the precipitate if
formed. Use filtrate for the detection of thiohate ion. If §,S0%, or SQ%is
absent, use the water extract for testing,0Os5. The mixture
solution+AgNQ—white precipitate. This ppt. is unstable and decosep on
warming or on addition of HCI into black Ag through colour change from
yellow to brown and finally black.

(ilSoda extract of the substance + iodine solutiendecolorization of iodine

solution confirms the presence of %% anion.
6. CH3COO anion:

() A water extract of the substance gives blood-reldwoin cold with neutral
ferric chloride, solution, confirming the presemteacetate ion.

(i) On rubbing the substance + oxalic acid (few crg3tal water (few drops)
between the fingers, smell of vinegar is noticedimgonfirming the presence of
acetate ion.

(i Solution of the substance + a little ethyl alol + a little conc. EBO, + heat
gently— fruity smell is noticed (of ethyl acetate).

Note. *Method of passing C&gas into water: If the delivery tube is availabiesert its
two ends with corks in the sample tube and lineewatibe (Delivery tube must be
dipped in lime water) and heat the contents of danimix.+acid) tuble. Otherwise
collect the evolved C£n a test tube which just fits in the mouth of séempbe. After
heating the sample tube, close the mouth of themsetest tube with the thumb and add
line water to it to check the presence or thumb add line water to it to check the
presence or absence of gfas.
**Preparation of acidified KCr,O; solution: Take approx. 1gm. oL&r,O; crystals and
dissolve in 5ml. water, then add 2-3ml. dik3®. This is acidified dichromate solution.
***The shelf FeC} contains free HCI in small amount due to hydraysfi FeC4. Add a
very dilute solution of NEHOH drop wise to a little Feglsolution taken in a test tube
and shaking after each addition till a permaneecipitate is formed. Now boil the
contents of the test tube and filter. The filtrst&nown as neutral ferric chloride.

7. Cl"anion:

() On bringing a glass rod dipped in WPH near the mouth of the test-tube during
the preliminary test, white dense fumes of JqHare formed.

(i) On heating the given mixture with conc,3O, and MnQ, greenish yellow,
pungent smelling gas (§}lis evolved.

(i) Soda extract+dil. HNEAgNOs; solution— a white precipitate (AgCl) is
formed which is soluble in NMDH solution.
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(iv) Chromyl chloride test: Heat a small amount of thixtame, add to it soild
K.Cr,O; (3 times of mixture) and conc. ,80,. Orange-yellow vapors of
chromyl chloride (Cr@Cl;) are evolved and are collected in a test-tube
containing NaOH. This is acidified with GBEOOH and treated with lead acetate
solution. A yellow precipitate of lead chromate (®0;) is formed.

All these tests confirm the presence ofi@i.
Note. The chromyl chloride test does not respond in adsehlorides of Ag, Hg, Pb and
Sn. In such cases, it can be performed by theuesititained on evaporating 5 ml. of soda

extract.
8. Br anion:

() On heating the given salt or mixture with a litMnO, and conc. BSO,, red-
brown vapours of Brare evolved.

(i) Soda extract+dil. HN*AgNO; solution— a pale yellow precipitate is formed
(Ag Br) which is partially soluble in NfOH.

(i) Soda extrac+ a little dil. HN(to neutralise)+ few drops of chloroform or
CCls+ Cl, water or conc. HN@+ Shake—chloroform or CCJ layer (lower)
becomes yellow or orange These tests confirm tasegmce of Brion.

9. I anion:

(i) Given salt or mixture+ Mng-conc. HSOy+heat-violet vapours (f) in excess
are evolved which turn the paper dipped in staathtion blue.

(i) Soda extract+dil. HN@-AgNO; solution—yellow precipitate of Agl is forna
which is insoluble in NEOH solution.

(i) Soda extract+ a little HNgdil.) (to neutralize)+ few drops of CHgIr
CCls+conc. HNQ or Ch water+ shake welblayer of organic liquid becomes
pink or violet These tests confirm the presenck ioh.

10. NO3 anion:
()On heating the salt or mixture with copper tags and conc. $$0,, deep brown

fumes (NQ) are evolved in excess but the solution does robime yellow or
pink.

(ii)Aqueous extract or solution of the salt or noieet in dil. HCI + freshly prepared
solution of FeS@+shake well+add gradually conc,$0, by the side of the test
tube—a brown ring of FeS© NO is formed at the junction of two liquids (This
is called ring test)

The above tests confirm the presence ogNah.
11. C,04% anion:

(lTake soda extract of the salt or mixture in st teibe, acidify it with excess of
CH3COOH and then add CaCkolution. A white precipitate of CaQO, is
formed. Dissolve the precipitate in dil.,.$, and warm it. To the warm

UTTARAKHAND OPEN UNIVERSITY Page 23



LABORATORY COURSE-I BSCCH- 104

solution, add few drops of KMnGsolution and shake, pink colour of KMpO
solution disappears.

(inTake a little salt or mixture in a test-tubedda dil. SO, and heat till
effervescence ceases to appear. Add a pinch of ;Ma@ heat again.
Effervescence due to evolving ¢@appears.

The above tests confirm the presence £ ion.

12. F anion:

() Take a little salt or mixture with some sand irst tube, add conc.,HO, to it
and heat, bring a glass rod moistened with watéreatmouth of the test tube. A
waxy white deposit on the glass rod is obtained {BlFand HgC} also leave a
white deposit on the rod but this deposit is cfisgand not waxy).

After performing this test the contents of the tete should not be thrown in
the sink without cooling and diluting.

(ilSoda extract+CEHCOOH (to neutralise) + Cagbkolution + shake— white
precipitate appears after sometime. To the predeit add dil.
H,SOs+heat+KMnQ solution— pink colorof KMnO4 is not discharged.

These tests confirm the presence abR.
13. BOs> anion:

()Take a little salt or mixture in a porcelain ljsadd a little conc. $$0O, just to
make the paste of the substance, 1/2ml. of etiephall or methylated spirit well
by a glass rod and ignite-a green edged flame is developed (copper and barium
salts also give the same test and interfere indéitection of B@ ion by this
test. Hence test should be performed in a testingiead of porcelain dish and
the vapours evolved after heating should be burtiteamouth of the test-tube).

(i) Make a paste of little mixture + calcium fluorid€aF) with a little conc.
H,SQu. Take a portion of this paste with a thin glass oo Pt-wire and bring it
near the edge of the flame (do not introduce treepanto the flame}pgreen
flame is obtained (Cu & Ba-salts do not interfere).

These tests confirm the presence o, B@n.

14. SO,* anion:
Take the solution of the substance in dil. NS soda extract + dil. HCI. Add
BaCl solution. A curdy white precipitate is formed (B2 which is insoluble
in all the conc. acids. This confirms the presesfc8Q,> ion.

15. PO, anion:

()Boil a little substance with conc. HN@nd add ammonium molybdate solution to
it, boil again and cool. A canary yellow precip&as formed which is soluble in
ammonium and alkali hydroxides.

(ii)This ion can also be tested in the soda exteschas already been given above
These are the confirmatory tests for,P@n.

(iii)
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Reactions Involved:

Carbonate: NaCOz;+ 2 HCl— 2NaCl + HO + CGQ, 1
anion (COs?) Ca (OH)+ CO, — CaCQ | + H,0
White (milky)

CaC@+ H,0 + CQ — Ca (HCQ); (Soluble)
excess

SalphiteNa,SO;+2HCI->2NaCl+H0+SQG 1
anion (SO;*)Ca(OH) + SG— CaSQ (Milky) + H,0
KCr,0; + H,SO+3SQ—K,SOst Cr(SQy) (Green)+HO

SulphideFeS+HSO,—H,S 1 + FeSQ
anion ($) (CHCOO), Pb + HS—PbS (black), + 2CH; COOH
NaS+Na [Fe(NO)(CN)]—Nas[Fe(NOS)(CN3j]
Sod. Nitroprussid
(Violet Complex)

Nitrite 2NaN@+ H,SO; — NapSOy + 2HNG,
anion (NO;) 3HNQG—HNO; + 2NO1 + H,O
2NO +L0- 2NO; 1 (Brown)
2K1 + 2N@— 2KNO, + I,
I, + starch— Starch-lodide (Blue)
Ring test:
FeSQ+NO — FeSQ. NO (Brown ring)
Thiosulphate: NaS;03; + 2AgNG; — Ag.S,03 | (white) + 2NaNQ
anion ($03%) Ag;S,0s+ H,0 — Ag,S | (Black) + HSO,
2Na S, 03 + I, — 2Nal + Na$,05 (tetrathionate)
Acetate
2CH;COONa + HSOs— 2CH;COOH (vinegar smell) + N&Oy
Anion (CH3COO))
3CH;COOH + Fed — (CH3COO); Fe (Blood red color) + 3NaCl

Chloride anion (Cl-)
NaCl + SO, — NaHSQ + HCI (pungent gas)
HCI + NH,OH — NH4CI 1 (white fumes) + HO

2NaCl + MnQ + 3H,SO; — 2NaHSQ + MnSQ, + 2H,0 + Ch 1
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(greenish yellow gas)
NaCl + Ag NG — AgCl | (ppt) + NaNQ
AgCl | + 2NH,OH — Ag (NH3), Cl (soluble) + 2HO

Bromide: K Br + H.SO, — KHSO, + HBr

anion (Br’) 2HBr + HSO,— Br,1(reddish brown vapours)+ $O+ 2H,0
2KBr + Mno+ 3H, SO, — 2KHSQ, + MnSQ, + 2H,0 + Br 1
Na Br + AgNO— Ag Br | (Light yellow ppt.)+Na NQ@
2 NaBr + 4 HNG- Br,t + 2NaNQ + 2NG, 1 + 2H,0
2HBr+ ¢ Br 1 + 2HCI
Br+ CHCE or CCL — Orange yellow colour (Brdissolves)

lodide Nal + HSQ, — NaHSQ + HI
anion (1) 2HI + HSO, — 1, 1 (Violet vapours) + S@1 + 2H,0
2 Nal + Mno+ 3H,SO,— 1, 1 + 2NaHSQ + MnSQ, + 2H,0
4+ starch— starch- iodide (Blue)
Nal + AgN©—Agl | (yellow ppt.) + NaN@
2Nal + Gl 2 NaCl + b
2Nal + 4HNO-I, T + 2NaNQ + 2N, 1 + 2H,0
4+ CHCE or CCl,— Pink or purple color gldissolves)

Nitrate: NaNQ + H,SO, — NaHSQ + HNG;
Anion (NO3) 4 HNQ — 4 NG, 1 (Brown fumes)+ @1 + 2H,0
3Cu + 8HN@— 3 Cu (NQ), + 2NO1 + 4 HO
2NO +Q@— 2 NG, 1 (Brown)
Ring Tes6 FeSQ+2 HNG; + 2 H,SO, — 3 Fe (SQy)3 + 4 HO + 2NO
FeSQ + NO— FeSQ. NO (Brown ring)
Oxalate : N#,04 + 2H, SO, — 2NaHSQ + H,O +CG 1+ CO1T
anion (C,04%): 2CO + @— 2CQ,
N&,0,4 + CaCh — CaGOy | (white ppt.) + 2NaCl
Caf0, + H, SO, — Ca SQ + H, C,0O4 (oxalic acid)
2 KMnO4 + 3 LSOy + 5 HC,04 — KSOi+ 2 MNnSQ + 10 CQ 1 + 8 H,O
N&C;04 + MNO; + 2 SO, — N& SO+ MNSQ + 2 HO + 2 CQ 1

Fluoride: 2 NaF + HSO, — Nap SO, + 2 HFT —
Anion (F-) SiQ+4HF—- Sik+2 HO —
3 SiF 3 HO— 2 H, SiK+ HSi O; (white deposit)
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Borate: NaBOs; + 3 SO, — 3 NaHSQ + H; BO3 (Boric acid)
Anion (BO5%) H BOs+ C,HsOH — (C;Hs)3 BOs 1 (ethyl borate) + 3 FD
CaF H,SO, — Ca SQ + 2HF
NeBOs; + 3 H, SO, — 3 Na HSQ + H; BOs
2 B0; — B, O3+ 3 HO
BO; + 6 HF— 2 BF; (burns with green flame)+ 3,8

Sulphate NaSQ, + BaCh — Ba SQ (white ppt) +2 NaCl
anion (SQ%)

Phosphate Na PQ, + 3 HNG;— H3 PQ, + 3 NaNQ
anion (PQ;) HPO, + 12 (NH;)2 Mo Oy + 21 HNQ —
(NBs PO, 12 Mo G | + 12 HO + 21 NH, NOs.
(amm, phospho rbdlgte - canary yellow ppt.)

Special Tests for the Mixtures of Anions (Combinabtns).

1.Carbonate and Oxalate.
If given as a combination in a mixture, decompaosdanate anion completely by
dil. H,SO, (oxalate remains unaffected and then add MniD effervescence
appears again, it indicates the presence of oxaldiieh can be confirmed by
decolorization of KMnQ@ solution.

2.Carbonate and Sulphite.
Carbonates and sulphites both are decomposed .liyL8i0, to give CQ, and SQ
gases which give white ppt. with lime water. Bulpbite only (SQ) reacts with
pot. dichromate in presence of dil,$0, to change the colour from light yellow to
green [Cs (SQy)3].

3.Sulphide, Sulphite and Sulphate.
Sulphide can be tested with sod. nitroprusside tiemlu Where, sulphite and
sulphate do not interfere. If all the three anians given together, remove sulpide
by Pb CQ or Cd CQ as Pb S (black) or CdS (yellow). Filter and add HCI and
BaCl, solution to the filtrate to give white ppt. of Ba§ filter again and boil the
filtrate with conc. HNQ or bromine water to oxidize sulphite to sulphdie,50s +
O (from HNG; or Br, water] which can be tested with BaGblution (white ppt.
BaSQ appears again).

4.Chloride, Bromide and lodide.
Chloride is tested by chromyl chloride test wherenfide and iodide do not
interfere. Bromide and iodide given together arste®@ by organic layer test.
Acidify one ml. soda extract with dil. HCI or dH,SO,, add few drops of CHgbr
CCl, followed by freshly prepared chlorine water dropdrop while shaking. If
organic layer is pink or violet, iodide is confirtheContinue adding excess of
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chlorine water with vigorous shaking. If organigydéa becomes orange brown or
yellow, bromide is also confirmed.

5.Nitrite and Nitrate.
If nitrite gives positive test as given above, dapose it by urea or N/&I as
below:
NaNG, + H,SO, — NaHSQ + HNO
(NH), CO+2HNQ —> 2N, 1 +3HO + CG 1
NaNQ, + NH,Cl - NaCl + N 1 + 2 HO
Now reduce nitrate using zinc and di,3®0, to nitrite and test it by Kl and starch
solution as given below:
Zn + LSO, — ZnSQ, + 2H
NaNG; + 2H— NaNG; + H,O (rest as given above)

6.Nitrite and lodide.
If both are preset in the mixture, add congSE, to it heat and then add starch
solution. Blue color of starch iodide confirms fhresence of both anions.

7.Nitrate and Bromide.
Reduce nitrate to nitrite by zinc and dik$0, and test as usual.
Confirm bromide by organic layer as usual.

8.Nitrate and lodide.
Reduce nitrate to nitrite and then nitrite and dedcan be tested by starch solution
(blue). lodide can also be detected by organicrlteat.
The reactions of the tests for combination of aci@adicals or mixtures of anions
are the same as given above. Therefore the readtwnlved in the tests can be
referred to the above.

2.7 SUMMARY

This unit gives the classification of anions (AcidRadicals). Preliminary test are given for
the identification of class I, class Il and claBsahions. Basic carbonates of Pb and Bi do
not evolve CQwith effervescence, but do so gradually. Mariplsides, e.g. those of Ag,
Hg, As, Co and Ni do not decompose on hgatiith dil. HCI or dil. HSO, . Oxalates

of K" and NH" are soluble in water. Soda extract preparatiomlshioe used to prepare to
prepare solution of anions. It is is obtained alfteiting the salt or mixture with an excess
of sodium carbonate solution. )&0O; used in the preparation of soda extract should be
pure, free from chloride and sulphate which areegally present as impurities. Carbonate
ion (CQZ') is not detected by this method because it alreadyes from sodium carbonate.
Hence it should be detected in the solid salt oitune.
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UNIT 3: IDENTIFICATION OF CATION (KNOWN)

CONTENTS:

3.1 Objectives

3.2 Introduction

3.3 Classification of the cation into Analytical groups

3.4 Solubility and solubility product: Relation betweeBolubility and Solubility
products.

3.5 The common ion effect; complex formation

3.6 The separation of Cations in to analytical Groupke precipitation of Group |
cations, the separation of Group Il cation from @rdV Cations, The Precipitation
of Group Il Cations, The Precipitation of GroupOations.

3.7 Preliminary Investigation of the Sample

3.8 Preparation of solution for the analysis of Cations

3.9 Separation of cation into Analytical Groups

3.10 Analysis of the cations of Analytical GroupSeparation and Identificationof the
cations of Analytical Group |

3.11 Analysis of the cations of analytical Group Il: Gegqtion of Analytical Group Il in
to group IIA and Group 1IB, Separation of the Casf group IIA, Separation of
the Cations of group 1IB, Identification of the icats of Group Il

3.12 Analysis of the cations of analytical Group 8eparation and Identification of the
cations of analytical Group Il

3.13 Analysis of the cations of analytical Group IV: @eqtion and identification of the
cations of Analytical group IV.

3.14 Analysis of the cations of analytical Group V: Sepi@n and identification of the
cations of Analytical group V.

3.15 Analysis of the Cations of analytical group VI

3.16 Chemical reactions involved in the test osibaadicals

3.17 Summary

3.1. OBJECTIVES

*To separate different cations in agueous mixtussguselective precipitation and to
confirm their identities using chemical tests.

*To classification of the cation into Analytical gums.

*Preliminary Investigation of the Sample.

*To preparation of solution for the analysis of Gas.

» Separation of cation into Analytical Groups.

*Analysis of the cations of Analytical Group LIII,1IV, V VI and zero group.
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3.2. INTRODUCTION

Qualitative analysis involves the identification tife substances in a mixture. When
chemical methods are used in the identificatiomoftures of metal cations, these ions are
usually separated before identification can occMfter they have been separated,
identification of each cation depends on the olst@m of a characteristic chemical
reaction. Solubility equilibria and complex-ion dduia play crucial roles in the
separations and subsequent identifications.

3.3 CLASSIFICATION OF CATIONS INTO ANALYTICAL
GROUPS

The cations (or the basic radicals) have beenifitbsnto seven groupsijz from zero, |

to VI group according to their nature to form threqpitate with various reagents. Because
no single reagent is available which could formcjpitate with all the cations, hence they

have been classified into groups and the cationsach group give precipitate with a

particular reagent called group regent.

3.4 SOLUBILITY AND SOLUBILITY PRODUCT

In the simple terms if a substance dissolves imlaest, it is said to be soluble (more
accurately solute) and the resulting mixture isviinas solution (may be unsaturated or
saturated). This tendency of a solute to get dissbin a solvent is called, in a general
sense, its solubility. The solubility depends oa miature of both the solute (substance) and
the solvent. It is more accurately defined #se“number of grams of the substance
which is dissolved in 100 grams of the solvent in saturated solution at a given
temperature.

The solubility of a solid substance in a given solvdepends mainly on the temperature
and very slightly on the pressure. For most salidsgances, it increases with increasing
temperature, e.g., solubility of AgNQncreases rapidly but that of NaCl increases stowl
The change in solubility with changing temperatigeusually expressed by means of
solubility curves(plots of the number of grams ofuse dissolved in 100 grams of solvent
along ordinate against the temperature along ad#gciShere are also some substances
whose solubility decreases with rising temperaterg, L,COs, NaOH, etc.

Solubility Product and Precipitation.

When a sparingly soluble substance, say AB, is kepbntact with water for sometime at
a definite temperature, the following equilibriusnastablished:

AB = AB = A'+B and[A][B] =K (from law of mass action)
Solid Dissolves lons [AB]
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The concentration of the unionised [AB] is constaina given temperature if excess of AB
is present. Hence, [A[B] = K [AB] = constant. Therefore |t equilibrium, the product

of the ionic concentration is constant at a givenemperature. This constant product,
[A"] [B], is called the solubility product (Ksy. When the ionic product exceeds the
solubility product, the solution is super saturased precipitation occurs but if the ionic
product is less than the solubility product, thiigon is unsaturated and precipitation does
not occur. This is called theory of precipitatidimis can also be represented as

lonic product < solubility product, Ks, the salssilves.

lonic product > solubility product, Ks precipitatidakes place.
Relation between Solubility and Solubility Product.

The solubility of a sparingly soluble substance¢#blyte) of 1:1 can be calculated using
the principle of the solubility product. Let it Bd3.

Ks (AB) = [A"] [B]

If [A"] = [B] = s moles per liter
Ks (AB)=s.s=%

Ors =vKs

Where s = solubility of AB in moles per liter and KAB) is the solubility product
of AB.

But for the substances (electrolytes) or 1:2 ortgpg, i.e., AB or A; B type

Ks =sx (25 or (2sf x s = 48

—
= |Ks .
Sy moles per liter

3.5 THE COMMON ION EFFECT

The phenomenon of lowering the degree of ionisatiba weak electrolyte substance by
adding to its solution a solution of strong elelsti® having a common ion and thus
decreasing the concentration of the ion other thencommon ion of the weak electrolyte
is known as Common ion effect. For example, NEHOH, a weak base (electrolyte)
dissociates in solution as N&IH = NH;" + OH

On applying the law of mass action [WH[OH] =K [NH4OH] = constant, on adding
strong electrolyte, NIHCI, NH4Cl = NH," + CI NH4" ions are added to the solution. Thus
the concentration of NH ions coming both from NCI and NHOH (common ion)
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increases but K remains constant at any given teatyre. As a result, the value of
[NH,OH] must increase thereby decreasing the valueOsf][ This indicates that the
degree of ionisation of NMDH is decreased by the addition of M which furnishes the
common ion, NH'. Similarly the ionisation of b8, a weak electrolyte, is diminished in the
presence of HCI, a strong electrolyte, giving comriab ions.

The principle of common ion effect is of immenseportance in qualitative analysis
because this provides a valuable method for cdmgokthe concentration of the ions
furnished by a weak electrolyte. The common examaple: precipitation of second group
radicals as sulphides using%in presence of HCI and that of fourth group catiass
sulphides in presence of NBH. Similarly precipitation of third group cationas
hydroxides using NEOH in presence of NiCI. The detailed account will be given in the
respective groups.

Complex Formation.

Complex ion formation is of great importance in lifative analysis (i) to dissolve a
precipitate alone or from a mixture of two or mdig to check the precipitation of a
particular cation by complex ion formation. For exae,

(@) AgCl is soluble in ammonia solution due to fbemation of the complex ion, [Ag
(NH3)2] ™.

Ag+ + 2 NH;— [Ag (NH3)2]+.
This capacity of A§ion is utilized in its separation from Bland Hg?" ion.

(b) Separation of Giiand Cd" ions is also based on the complex formation tecyleith
CN  ions from KCN solution: K[Cu (CN)] and K [Cd (CN)]. Of the two complex ions
[Cu (CN)Y]* and [Cd(CH))*, the value of instability constant for copper cdexpion is
less than cadmium comlex ion and hence morg ©ds are available in the solution than
CU* ions. In presence of 48 gas, CdS (yellow ppt) is formed but copper iomains
unaffected.

[Cd (CN)Y]* = Cd* + 4ACN and HS = 2H" + &

Ccd* + § = CdS (yellow ppt.).

3.6 SEPARATION OF CATIONS INTO GROUPS

(i) Precipitation of group | cations. The cations of group | are precipitated as indelub
chlorides in the presence of dil. HCI.
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(i) Separation of group Il cations from group IV cations. The cations of both these
groups are precipitated as sulphides but in diffeneedia, group Il cations are precipitated
in acidic medium (HCI) and those of group IV in lcasedium (NHOH). As has already
been stated, the precipitation of sulphides caruroonly when [I\/?*] [82] exceeds the
solubility product of the sulphide, MS at given f@enature,

i.e. [M?][S*] > KS

In presence of HCI, due to commori léns, the ionisation of $$ is suppressed thereby
giving less concentration of'Sons in solution. Under this condition, the iopimduct of
metal and sulphide ions only exceeds the solulplibduct of sulphides of group Il cations
(such metal sulphides have low values of soluplifiroducts) and as a result these
sulphides are precipitated. The solubility produsiues for sulphides of group IV cations
being high are not surpassed by ionic product heset cations remain in the filtrate. These
cations are then precipitated as sulphides in poesef excess?Sions in basic medium,
i.e., NH,OH.

(i) Precipitation of group Il cations. The group Il cations are precipitated as
hydroxides with the help of NWDH in the presence of NBEI. NH,Cl suppresses the
ionisation of NHOH thereby giving less OHons in solution, just sufficient to precipitate
the group Il cations and keeping higher group, Ve V & VI, cations in solution. This
happens because of the low values of solubilitydpets of the hydroxides of group Il
cations which are surpassed by ionic products eff@nd [M*"].

(iv) Precipitation of group V cations. These cations are precipitated as carbonates using
(NH4)2COs in presence of N¥DH when Mg remains in solution.

3.7 PRELIMINARY INVESTIGATION OF THE SAMPLE

Basic radicals or cations in a sample can be tdstédo types of tests:

(1)Dry tests, (2) Wet tests.

(1)Dry tests: These are the preliminary tests aotlide the following:
(a)Dry heating test

(b)Flame test

(c)Borax bead test

(d)Cobalt nitrate test

(e)Charcoal cavity test

(HMicrocosmic bead test

Of these, flame test, borax bead test, cobaltteiti@st and charcoal cavity test are more
important and impart more valuable information abthe cations in the sample under
investigation.
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(b) Flame test.Chlorides of certain metals when heated strongingia loop of Pt-wire
cleaned by conc. HCI, are volatilized easily in thamious flames of bunsen burner and
their vapours become incandescent in the flame.s@heor group ppt. is picked by Pt-wire
loop and kept into the edge of non-luminous flaftee imparted colour by the metals can
be observed by naked eye:

Na — golden yellow, K-violet, Cu-bluish green,
Ca — brick or dull red, Sr — crimson red, Ba- appieen.

(C) Borax bead test.This test is performed mainly for the coloured stabces and
sometimes for white substances leaving coloureduen dry heating.

The loop at the tip of the Pt-wire is heated in tlaene, then dipped into borax powder,
heated again strongly till borax swells up and Ifjnaonverted into a transparent glassy
bead. This bead is touched with the substance @upgppt. heated strongly in non-
luminous flame and then in luminous flame, and cd@bserved.

Cation Non-luminous flame Luminous flame (reducing)
(Oxidising)
Copper green or light blue red or colorless
Iron Yellow bottle green

Chromium Green Green

Cobalt deep blue deep blue

Nickel light brown Black
Manganese Violet Colorless

Chemistry of borax bead test On strongly heating borax transforms into glasssd:

_ \EF

OHZG
Na&B,O; 10H,O —— N& B,O; — B,03 + 2NaBQ (glassy bead)

B,O; combines with basic oxides to form meta borateghvhave characteristic
colours.

(d) Cobalt nitrate test. Cobalt nitrate on heating is decomposed to CoQlwhombines
with certain metallic and non-metalic oxides toegieolored compounds. The powdered
substance or mixture is mixed with an equal amafirsiolid NaCO; placed in a charcoal
cavity, moistened with water and heated with thip loé blow pipe. It is then moistened
with few drops of cobalt nitrate and heated agaime color of the residue indicates the
radical.

Blue- AFY, PQ*, BO:*
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Green- ZA*

Dirty blue-green- St

Pink- M’

Example. Zn SONaCO; — Zn CG; + Ng, SO,
nCG; — ZnO + CQ 1

2CO (NQ); »2Co O + 4 Nt + O1
Zn0+Co0—-72n0.Co0=CoZnQ

(e) Charcoal cavity test.In this test, the powdered sample is mixed witregnal amount
of solid NaCO;s, placed in a charcoal cavity, moistened with watet strongly heated in a
reducing flame by means of blow pipe. From the ccolbthe bead or deposit round the
cavity (incrustation), cation/metal is identified.

Hot residueCold residuelnference
Yellow WhiteZn

Reddish brownreddish brownCd

Brown yellowPb
Orange yellowBi
Yellow whiteSn

White whiteAs, Al, Mg, Ca, Ba
Red RedCu
Black whiteFe, Co, Ni, Mn

(2) Wet tests These are most important tests and are perfotmednfirm the presence of
almost all the cations. The first step for the wesdts is the preparation of the original
solution.

3.8 METHODS FOR THE PREPARATION OF ORIGINAL
SOLUTION

The solution that contains all the cations is kn@sroriginal solution. It can be prepared as
follows:
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() A little of the mixture sample is boiled withater with shaking. If does not dissolve
then,

(ii) Mixture is boiled with dil. HCI. Still if doesot dissolve then,

(iif) About 1gm mixture is boiled with 5ml. conc.CGf in 100ml beaker for a while,
diluted with water and boiled again. Mostly the tare is dissolved and solution
becomes transparent.

(iv) If the mixture is insoluble in conc. HCI, thewolubility should be observed in least
guantity of dil. HNQ, then conc. HN@and finally in aqua regia.

(v) If the solution is made in HN{br aqua regia, it has to be evaporated to dryareds
dry residue is dissolved in dil. HCI or water aftariling. Sulphuric acid is never
used as a solvent as it precipitates Ba, Sr, Cé &¥sulphates which are insoluble
even in agua regia.

3.9 SEPARATION OF CATIONS INTO ANALYTICAL GROUPS

On the basis of solubility product and reagents, dations are divided into the following
Six groups:
1. First group: PB', Ag’, Hg?" (ous)
2. Second group A : By CU*, Bi*', Cf*, H" (ic)
B : AS*, SB", Srt* + (ous), SH (ic)
Third group: AF*, Cr**, Fe**
Fourth group: Ni*, C®*, Zn?* Mn**
Fifth group: B&", SF*, C&*
Sixth group: Mg*

2

Zero group is also there containing Nkbn.

The cations, group reagents and salts precipit@aty with their colors are summarized
below:

5. Fifth group:Ba*~,5+*7,Ca”~
6. Sixth groupM g~
Zero groups are also there containing, + ion.

The cations, group reagents and salts precipitdtedy with their colors are summarized
below:

S.No. | Group Group Radiclas Group Salt Colour of the
Reagent Reprecipitated precipitate
1. | First Ag’, Pb™, Hy Dil. HCI (Chlorides) White ppt.
Group (ous) AgCl,
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AgCl, PbC},
HgC|2
2. | Second |Pb™, Hg™ (ic.) Dil. (Sulphides) Black ppt.
group Bi*"", Cu™, Cd”, | HCL+H,s (Sometimes
Sb™, s, s, red ppt.)
Sn++++(ic), AS+++
3. | Third After (Hydroxides) | White ppt.
group Al™77,Cr™7 ,Fe™77, | removing Al(0H;) Brown ppt.
H.5 boll Fe(©H,) Green ppt.
the solution Cr(OH;)
with 15
4. | Fourth liird Group | (sulphides) White or state
group NiTT Zns ppt.

Co™t Zn T Matt Chocoloate-
pink ppt. Black
ppt. White ppt.

5. | Fifth Boil off (Carbonates) | Black ppt.
group Ba™ 577, Ca™” H,5and BaCG;, White ppt.
thenadd | CaCQ,
NHCL+NE0h | SICG
6. | Sixth & (Phosphate) | White
Group Mg™™ (NE?) MgNH,PO, crystalline ppt.
.C 05 and
shake well.
Fifth
Group
(Phosphate
) Filtrate+
Na,HPO,
Solution

Important Hints for proceeding with the tests of Basic Radicals

(i) Group reagents should be added in systematic order.

(i) A little excess of the group reagent must be adttecensure the complete
precipitation fot he group radicals.
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(iif) Solution in every group, if after adding group reag is heated, granular
precipitate is obtained.

(iv) The volume of the solution should not be unnecégsacreased at any step. If the
volume of solution at any stage has become to@ lé&rgspite of great precautions)
do not throw any a portion. Put it in a dish, amdporate it to a small volume.

(v) There areNa™, K™ and NH, ™ radicals also, among ther¥a™ and K~ are
examined by flame test and &1, ~ radical, special test is performed.

(vi) Group reagent is added to original solutiore aifter another, till the ppt. in any
group is obtained. The ppt. shows the presencenpfradical in that group. The
complete precipitation of the radical in that grosipould be judged by adding
sufficient amount of the group reagent otherwiseilitcreate a great disturbance in
the usual analysis of the subsequent group radicals

(vii) Hydrogen sulphide is a very important gas reagemthfe precipitation of lind and
IV " group radicals. It is prepared in the Kipp's appasaby the action of dil.
H,5a, on ferrous sulphide. Through the kipps apparatunicuous supply of the

gas is available. See fig ahead.

3.10 ANALYSIS OF THE CATIONS OF ANALYTICAL GROUP |
Analysis of first group (silver group)

A white ppt. is obtained after the addition of ¢HICL to the original solution. It is filtered
and washed with water and then boiled with 5-10ualer. Filter and keep the filtrate for
Il group.

Note: If solution is prepared in dil. HCL, 1 st gmis considered to be absent.It is not
necessary that there should be complete precipitaaf metallic ions of a particular
group by means of that group reagent before pracged the next group. Mercuous salts
are partially oxidized to mercuric salts and somezipitate as mercuric sulphide also.

Analysis of second group
This group is divided in two groups:

@)l "A group(copper Group)
(i))ll " B group ( arsenic group)

II' A copper Group:

Copper Group consists of
Pb™" Hg " (ic),Bi™ 7, Cu™" and Cd” ™~ while Arsenic group contain
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Sb™TT, A7, Sn” T (ous)and SnTTT T (ie)

In this group HS is passed in a little portion of th& group filtrate. If precipitate does not
come, then it should be diluted with water, warraad then HS is passed in the rest of the
solution. It is faltered and washed well withSHwater. The filtrate is kept for Il group.

Different radicals give the following coloured pigtates.

Hgs Black(sometimes Cds Yello
red) w
Pbs Black(or Brown) As,5, Yello
w
Bi,S, Brown 5nS, Yello
w
CuS Black(or Brown) 5b,S, Orang
e

Yellow ammonium sulphide contains excess of sulghssolved in colourles ammonium
sulphide solution and is expressed &¥4,) ;5.

The washed precipitate is warmed with a little g@llammonium sulphide solution and
filtered.

Residue Filtrate
(' A Group) (I B Group)
Hg(ic), Pb, Bi, Cu, Cd As, Sb, Sn (ous), Sn(ic)

3.11 ANALYSIS OF THE CATIONS OF GROUP Il

Il A copper group- Residue is washed with water and then treated ¥@% H N O,
boiled cooled and filtered.

Black residue Filtrate: It may contain the nitrates of Pb, Bi, Cu. Tak#tke part of it
add dil.

It may be Hgs.| H2SG .If awhite ppt. appears then add alcohol andC, to the

Dissolve it in aqua whole filtrate and filter.

regia and evaporaté White residue Filtrate: It may contain Bi, Cu and Cd as

it to almost dryness.| It may contain nitrate. Add to it excess of N®H and

Add water and | Dissolve this filter:

divide it in two parts | residue in conc. | White Filtrate: It may contain Cu and

(i) To first part add | Solution of residue: It | Cd. If it is bule Cu is there if it is

SnChk Soln white or | CH;COONH, and | may be | colourless Cu is absent. First
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grey ppt
turnings

confirmed.

() To

second part add CU

whitish

deposti on Cu Hg

add KCrO,
yellow ppt pb
(Lead) confirmed.

Bi(OH)s.

Dissolve

the residue
in the least
quantity of
conc. HCI
divide it in

two parts: (1)

BSCCH- 104

Method:

()To first part add ch3cooh in
excess K4 Fe(CN)6  brown
coloured ppt. Cu++

(copper)confirmed.
(i) To second part add KCN soin|
Till the filtrate becomes colourless.
Now pass HS yellow ppt. Cd++

To first part | (cadrnium) confirmed.

add excess| Second method: Add. conc. HGI
of water | and pass k6 and filter.

white  ppt. Filtrate:

(D)) To Dilute it and
second part pass HS
add. Sod again yellow
stannite ppt.

soln. black | Black residue: | (cadmium)co
ppt. Cu™  (Copper) | nfirmed.
(Bismuth confirmed.

confirmed)

(i) To third part add 1 c.c. of
conc. HCI
and FeSQ@soln. and filter.

Residue Filtrate: Dilute

Cu™* (copper) | it with water and

confirmed. pas HS gas
yellow ppt.
Cd"™ (Cadmium)
confirmed.

3.12 ANALYSIS OF THE CATIONS OF ANALYTICAL GROUP I

IIB Arsenic Group

Dilute the filtrate with water obtained after trieat the second group ppt. with yellow
ammonium sulphide and dil. HCI (in excess). A coémlippt. indicates the presence of
arsenic group but if a white ppt. is obtained wh the absence of arsenic group radicals
and reject itFiter the ppt. and boil it with conc. HCI and filte

Yellow residue: Filtrate :

It may be AsS;. Dissolve | It may contain chlorides of Sb and Sr which may pe

it in conc. HNQand add | confirmed by two different methods.
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ammonium molybdate| First Method:
solution and heat Yellow| Make the filtrate just alkaline by adding NBH soln.

ppt. As(Arsenic) | Add 1-2 gms. solid oxalic acid boil and passSHyas. Filter
Confirmed. if a ppt. is obtained.

Orange residue: Filtrate:

It may be SESs: It may contain Sn. To it adc

Dissolve it in least quantity NH,OH to make it alkaline
of conc. HCI Dilute it with | and pass b gas

water white ppt. or| Dirty yellow ppt.

turbidity. Sn™ (Stannic) confirmed
Sb™* (Antimony)
confirmed.

Second Method:

To the filtrate add iron filling and heat for fiveinutes and

=

filter.

Black residue: Filtrate

Sb™ (Antimony | It may contain SnG| To it
confirmed.) add HgC} Soln.

White or gray ppt. SA
(Stannous) confirmed.

ANALYSIS OF THIRD GROUP

Boil off H,S completely (test with lead acetate paper for) tham filtrate of the second
group and concentrate it. Boil it again with 1 @tconc. HNQ as to convert all ferrous
salt (if present) to ferric salt; otherwise ferrobgdroxide will not be completely
precipitated in this group and thus will interfémd V™" group giving a black precipitate of
Fes. Then after cooling add MEL and NHOH ( in excess) till the solution distinctly
smells of ammonia.

Filter and wash the precipitate with water and kebepfiltrate for IV" group. Dissolve the
ppt. in 2 c.c. of HO, or in excess of Bwater + NaOH, boil* it and filter. Boiling at this
stage is essential since this ensures the conptatation of Fé"to F€™
Fe(OH) — Brown ppt.

Al(OH)3;— White ppt.

Cr(OH); - Green or light bluish green ppt.

Residue : Filtrate :

Brown ppt . it may contain| It may contain NaAl@Qand NaCy. if it is yellow

Fe(OH) or MNO(OH). NaCrO, will be there otherwise NaAlOmay be
there. Divide it in two parts.
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Divide the precipitate in two| (a) First part To the part add
parts: CHyCOOH + ( CHCOOH), v| NH,CI and boil
() ppt. +conc. Pb White gelatinous
HNOs; + PbQ Boil and cool Yellow ppt. | ppt. Al
By adding a little water| (b)Second part + AgN© (Alumunium)
Light, pink, violet colour Brick red ppt. CF™ confirmed.

Mn** (Manganese) confirmed (Chromium) confirmed.

(ii) Dissolve the precipitate in
dil. HNOs or dill. HCI and
divide it in two parts:
To first part add K[Fe(CN))
deep blue colour or ppt.

(b) To second part add
ammonium  Sulphocyanide
Blood red colour F&*(Ferric)
Confirmed.

Notes:
(DH2S should be completely removed before adding caidOs; otherwise it will be
oxidized into HSOy; and thus will precipitate the Vth group radicatssulphates.
(ilSometimes Mn also precipitates as MnO.OH(Broppt.) in this group so its test
becomes necessary.

(i) After boiling off H,S addition of conc. HN®is essential so as to convert all
ferrous salts into ferric salts.

(iv) Addition of NH,Cl before NHOH is absolutely essential otherwise the basic
radicals of IV"and V" groups will precipitate out as hydroxide in thisigp.

(v)Interfering radicals should be removed beforgcpeding in this group.

(vi) H2S should be passed in hot solution. At higher teatpees sulphides precipitated
are granular and easy to filter.

3.13 ANALYSIS OF THE CATIONS OF ANALYTICAL GROUP IV

ANALYSIS OF FOURTH GROUP
Some of the characteristics of the basic radicilkis fourth group are tabulated as
follows:

Form of the | Nickel (NI™) Cobalt (Co™ | Zinc (Zn™) Manganese
salt (Mn™)
Sulphide Black (NIS) Black (CoS) White or Grey | Light
Green- Green Pink Pink (ZnS) White Pink(MnS)
Colourless White
Colouriess
Light pink, pink
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‘ violet.

Pass HS continuously in the hot ammonical filtrate ofjtbup. Formation of the

precipitate shows the presence of fourth groupei=and wash the ppt. and keep the filtrate

for fifth group.

Different radicals give the following coloured pigtates:

NIS Black ZnS White or
grey
CoS Black MnS Light pink

Notes:

(DH2S must be passed in hot solution otherwise ZnSvémal will from colloidal

solution.

(i)H S should not be passed for a very long time otrsn\iS and MnS will turn into
colloidal solution.
Ppt. is treated with dill. HCI and filtered:

Residue:

It may contain NiS and CoS. Dissolve it in
aqua-regia(3HCI+ HNg) and evaporate to
dryness+ water and divide it in number of

Filtrate:
it may contain MnGland

ZnC}. Boil off

H,S, and add excess of NaOH and filter.

colour (in cold) C&6"
(Cobalt) confirmed.

Apple green colour in cold
changing to black on
heating C&(Cobalt)
and Ni™* (Nickel) both
confirmed.

(i) Residue + oxidizing
fusion mixture (KNQ+
NaCOs).

Heat strongly on a
porceian piece green
mass is obtained which
dissolves to give pink
solution M~
(Manganese) confirmed.

parts.
To one part ()To one part add Ni¥DH | Residue Filtrate:
and NH,OH (in excess) + CECOOH White turning brown It may contain
(in excess) + | (in excess) + KN@ due to oxidation. zinc. Pass kb
dimethyl solution. Yellow () Dissolve the residue |in the filtrate.
glyoxime crystalline ppt. Co' in conc. HNQ and add | A white grey
Scarlet red (Cobalt) Confirmed. PbQO. Boil for 2-3 ppt. Zn™
ppt. (ii) To other partin a minutes and dilute with | (Zinc)
Ni** (Nickel) porcelain dish + NaHC® | water  Pink or violet | confirmed.
Confirmed solid (in excess) + Br colour.

water. Shake for some | Mn™*(manganese)

time Apple green confirmed.
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3.14 ANALYSIS OF THE CATIONS OF ANALYTICAL GROUP V

After boiling off H;S, concentrate the fourth group titlrate to oneklil/3) of its original
volume. Then add NiDHand (NH).COs (never boil at this state.) Formation of white
precipitate shows the presence of fifth group eFiétnd was the ppt. keep the filtrate for the
radicals of sixth group. Dissolve the precipitatégast quantity of acetic acid and boil for a
few minutes. Take a small part of this soln. and. &3CrO, soln. If a yellow ppt appears,
heat the whole solution with excess o0, so as to precipitate barium completely. If no
ppt. appears on adding®rO, soln, then do not add K2CiQolution to the whole soln.
Now proceed as follows:

Residue: Yellow ppt. BaCrOBa'"" It may contain (CHCOO) and CHCOO) Ca.
(Barium) confirmed. To it add (NH).SO4 solution in excess and
boil it filter it.

Filtrate: it may contain | Residue: White
ca. to it add (N#).C,04 | ppt. (SrSQ) Sr™*
soln. white ppt. Cd (strontium)
(calcium) confirmed. confirmed.

Notes:

(1) It is better to use saturated solution of (NH8), to detect SV radical. After
addition of the reagent, wait for few minutes t® ska precipitate of SrSQs
obtained.

(2) Sometimes calcium does not get precipitated imiitaip due to the formation of
Ca(HCQ), on addition of (NH), CG; to the concentrated filtrate of [Vth group.
As Ca(HCQ); is soluble and it passess into the filtrate 8fgfoup. Hence filtrate
of V" group must be tested for calcium before proceetting™ group.

(3) They are tested in the order BSC(Barium, strontiGadcium).

3.15 ANALYSIS OF THE CATIONS OF ANALYTICAL GROUP
VI

Heat the fifth groups filtrate with ammonium oxa&atnd discard the precipitate, if comes.
Add 2-3 c.c. of NH4OH and excess of sodium phosplldgHPO,) to the filtrate. Shake
the solution with a glass rod. After a few minutesvhite crystalline precipitate results.
Mg**(Magnesium) confirmed.

Analysis of ammonium (NH4+) Radical (zero group)
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(1) Heat a little mixture with 2-3 c.c NaOH in a teabé. A characteristic smell of
(NH3) is obtained. On bringing a glass rod dippedincca#Cl at the mouth of the

test tube , enormous white fumes are produced.

(2) On adding Nessler’s regent to the solution of thetune —brown color of ppt. is
obtained. This test is extremely sensitive andaittaristic.

Note. Nesster's reagent is prepared by adding Kl toGHgsolution until the red ppt
(Hgly) formed, is dissolved. It is mixed with NaOH sadut

CHEMICAL REACTIONS INVOLVED IN THE TEST OF

BASIC RADICALS
First Group: Lead ( Pb"), Silver( Ag ) Mercurous (Hg") and lead (PB).

Ph(MNOsx + 2HCI — FPbCIZ *+ 2 HNO3
White ppt

PhCl,  +2KI —  PbL §+ 2HCI
Y ellowppt.

FhCly + EaCriDy ——  PhCrOg ¥+t 2ECI
Tellowppt

Fhilly + HaB30, = P30y + 2K
White ppt

SILVER (Agh)

AgNOs+HCl ——  AgCl ¥ + HNOs
White ppt
AgCl +2NH,0H —p AgQVH:,Cl +2H,0

Silver ammomchloride

AgNHzRCl +2HNO; —whgCl 4+ 2NHNO;
White ppt

Mercurous (Hg™™):
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He(NOs)y + 2HCl —p  HgpClh ¢+ 2HNO;

White ppt
Hg,Cl; + 2NH,O0H —» HgNH,Cl + Hg + NHCl + 2Cl

Ammino mercudc chloride

Black
HNOs + 3HCI —»  2H;0 + NOCl +2C1
Hg+ 2Cl _, HeCh
2HgCly + Bncly —» HgCh+ enCly
White ppt
HexCl + 8nCl —» 2 Hg 4+ 3nCl
Grey ppt

Second Group : Mercuric (Hg"), Lead(Pb"), Bismuth(Bi*), Copper(Ct),
Cadmium(Cd"), Arsenic(As™), Antimony(SB™), Tin (SA™, Sn™)

Sometimes, in second group, white or a light yellppt. is observed which is due to
sulphur precipitated from 4% by excess of HNQor osther oxidizing agents e.g. (MO
SQ;7, FE™). The ppt. should be rejected.

JHNO; + 3H ——p  4H20 + 2NO 4+ 334
INaNO, + 2HC + HS = INaCl + 2NO 4+ 2H,0 +5 l
NapS0; + ZHCL + 2H,3 —» 2NaCl +3H,0 +33 ¢

ZFeCly + HY ———  2FeCh + 2HCI + 3 ¢

Mercuric (Hg"™):
HeClh +H;f ———»  Hgl ; + 2HCI
Black ppt
JHgd +2HNOs +6HCl —»  3HgCl + ZNOf + 3+ 4HO
HeClh+ 8nCly ——p HggClgk anCly
Wercuric Chloride White ppt.
HyClh +  SnCl——b  2Hgd + SnCl
Mercurous chluide Grey ppt
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Lead (Pb™):
PbCly + HyS ey PHS § + 2HCI

Black ppt.
3PS + SHNO; ——* 36Oz, + 2O 4+ 38 + 4H0
Ph(NO3)2 + H2304 —pDPHE0, ! + HNO;

White ppt
P30, + 2CH,COONH, = (NHLPb(E0,), + (CH;COO)Pb
(CH;COORPb + KyCrO; —PbCrOy ¢+ ICH,COOK

Bistuth (Bi™)
TBiCh + 3HS  —p BisS g+ 6HC
Browm ppt.
BiSs + GHINO; ——RBINO9s + 2N 4 38 4 410
Bi(OH) + 3HC| — BiCh + 3H0
BiCl; + B0 ——p BiOCI + 2HCI
Milky

2BiClz +3NaSnG, + NaOH — 2Bi + 3pBnG; + 6NaCl + 3ED

Copper (Cut+):
Cucl; + H:2 T * Cul 4 + 2HCI
Black pt.
3CUS + SHNQ; =——— 3CuOsz); + 2NO 4 + 38 ¥+ 4H20
CuN0312 + 4NHAOH e CUNHzW(MN O3k + 4H0

Tetraamine coppertatrate
Blue col o

Cu(NHy) 05y  + 4CH;CO0H —— CuNOq); + 4CH;COONH,

2 CuNOs, +  Ey[Fe(Cly] —p  Cug[Fe(CI] ¢+ 4ENO,

Pott. Feroctyan de Copper ferrocyanide
Chocolate red ppt
Cadmium (Cd+):
CdCl, + HaS —_— cds ¥+ HC
Tellow ot
cds + 2HCI o ciCl, + HS

CiCly + NHOH ~ ——  Cd(OHp |} + 2MHCI
Cd(OH) + INH4Cl + INHOH e [CANH)]Cly + 4RO

Tetratnine cacmiwn chlorids
Colowtl ess
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Capper- Cadmirem Separation -

Cul0, + KON —— Eo80, +  Cu(CNy ¥
2CU(CH, —» Cup(CHyy ¥+ (N, 4
White ppt.
Cuz(CNYy + 6CH  ——p ZE3[CU(CNY]
Cupt ous cyanide P ot. Cuprocyani de
CdS0, + JKCN — AN+ K30,
CACY + PKCN — . K [Cd(CNY]
Cadmitm cyard de Pot. Cadmicyard de
The cornplex of Cuand Cd dissociate as follows:
Frimary : Ea[CulCHyy = 3K+ [CulCrh)
FPot. Cruprocyaide
Secandry : [CulCI) = Cu” +  4CW
(Vetysmal disociaion
due toto greater stability
of the complex iom
Primary : K[ Cd(CITy] = 2K+ [Cd(CInP
Pot. C admd eyanide
Secondary :  [CACNN* = cd™ + 4C

(Considerable dissociation

due tolesser stability of the complex 1om)

Thus when HS is passed through a solution containing theseploaas, solubility product
of CdS only is exceed and therefore it gets preatigil.
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Arsenic (As™):
AsCl; + 3H,S A8253¢+ 6HCI
Yello ppt.
As,S; + 3(NH)2S, —> 3(NHy)3AsS

Ammonium thio arsenite

3NH)3AsS, + 6HC——= AS:Ssy + BNHCI +3H;S}
Ammonium thio arsenite Yello ppt

As,S; dissolves in nitric acid forming arenic acidésO,)

HaASO, + 12(NH)2MoO, + 21HNQ, —— (NH,)3As0,.12Mo0; §+ 2INHNO; +12H,0

_ e Yello ppt
Antimony (Sb™"): Ammonium arsenomolybdate
3SbCh + 3HS — SbSY + 6HCI

Orange ppt.
SbS + 3(NH,)2S, — > 2(NH,)3SbSs
SbS + 3(NH,)2S, — > 2(NH4);Sbs,  + SY
Ammonium thio-antimonate
2(NH,)3SbS,  + BHCI —— Sh2gy + 6NHCl + 3HSH4

2(NH,)5SbS,  + 6HCI —— sh2Sy+ 6NH,Cl + 3HSA

Sbs, + 6HCI ——> 2SbC} + 3HSH
Sbs, + 6HCI —— 2ShCk + 3HSh + 25§
SbCk + H,0 —> SbOCI + 2HCI
Milky(Antomony
Tin (Sn**,Sn++): oxychloride)

SnCh + H,S ——> SnSy+ 2HCI
Brown ppt.
SnCl, + 2H,S —> Sn$y + 4HCI
SnS- Insoluble in ordinary amm. sulphide but sa@thlyello amm. sulphide.
SnS- Soluble in ordinary amm. sulphide
SnS + (NH),S, —> (NH,),SnS
SNS + (NHy)pS —> (NH,),SnS
Amm. thio-stannate

(NHp), Sng + 2HCI —— SNS¥ + 2NHCl + HS)
SnS + 4HCl— SnCl, + 2HSy

SnCl, + Fe——> SnCL + FeC}

2HgCl, + SnCh——> Hg,Cly+ SnCl,
White ppt.
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H92C|2 + San I 2Hg+ + San
Third Group

IRON, ALLMINIUM, CHROMIUM
Fe+++ A|+++ Cr+++
In the third group ferrous salts(F¢ areoxidized to ferric salts (F&) by boiling it with few drops of con.

HNO;.
OFeCh + 8HNQ——=2Fe(NQ); + 4HCI + 2NQk + 2H,0

Iron (Fe***)

FeCk + 3NHOH ——>Fe(OH}y + 3NH,CI
Brown ppt.

Fe(OH); + 3HCI FeCh + 3HO

2FeCh + 6NH,CNS —» Fe[Fe(CNSYls § + 12KCI

Ammo. thiocyanate Ferric sulphocyanide
Blood red colour

4FeCl + 3K[Fe(CN)] — Fe[Fe(CNS)l; + 12KCI

Pot. ferrocyanide Ferric ferrocyanide
- Deep blue colour
Aluminium (Al **%)
AICI; + 3NHOH —>Al(OH)sy + NH,CI
White ppt.

AOH); + NaOH——> NaAlO; + 2HO0
NaAlO; + NHCl + HO ——> AlOH)s¥ + NHy + NaCl

Chromium (Cr+++):

2CrCh + 3NHOH ——> Cr(OH)3+ + 3NHCI
Green ppt.
Cr(OH); + 4NaOH + 3pD, —> 2N&CrO, + 8H0

2NaOH + Bf ~ ——— NaBr + NaOBr + kD

Cr(OH) + 4NaOH 3KH0, —> Na,CrO, 5H0 3NaBr

Na,Cro, + (CH,COORPb — PbCrQy + 2CHCOONa
Yello ppt.
Fourth group

ZINC, MAGNASIUM, COBALT
zZinc (Zn*)

—> 7ZnS} + 2HCI
ZnCl2 + H2S White grey ppt.

ZnS + 2HC—— ZnCl, 2H,9

ZnCl, + 2NaOH — Zn(OH), + 2NaCl
White ppt.

Zn(OH), + 2NaOH— Na&zn0, + 2HCI
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MANGANESE (Mn~ ) :
MnCl: + H.S

MnS + 2ZHC

MnCl: + 2ZNaQH -»
ZMn(OH): + (0 -

MnO(OH) + 2PbO: + 4HNO: —=

COBALT {(Co™ ™) :
CoClz + HaS -
3CoS + ZHNOs + 6HCl -+

I o |
Agua-regia
CoCl: + 2ZHNOD, -

CONC: ) + KN =

BSCCH- 104

MnS } + 2HC ¢
Buff coloured ppt.
MnCl: + H:5 §

Mn(OH): | + 2NaCl
ZMaO(OH) | + HO

Browsm ool

—

2PB(NO:): + 2H:0 + HMnOs
Pink colour
(Fermanganic acid)

CoS | + 2HCI
3CoCl: + ZNO t+ 35 | + 4H:(»

Co(NOn)2 + ZKCI

K ColNO:).|
Pot. cobalionstrite

2ZKA[Co(NO:)| + 2CH:CO0H + O (air)

For. cobaltoniimbe

=2 R3] CofNO«] | +2CHCOOR+H:A

Yellow ppt
Pot. cobaltinitrte

NICKEL (MiTT) =

NiCl + H:S - NiS | + 2HCI
Black ppt.
3MIS 4+ 2HNO: + 6HCl = 3NiCh + 2NO + + H:0 + 38 |

L |
Agua-regia

CHos ~—C| = NOH Hfil ?
2
' CH:—C = NOH CHi—C=DN N =C—CH:
Dimethyl glyoxime s _/"
+ ZNH.OH + NiCly — Ni
7N
CH:—C =N M =C—CHa:
4 I
8] OH .
+ ZNH.C1 + 2H:0
Red ppt.

Mickel dimethyl ghyoxime complex

Test of Co and Ni with NaHCG;-Br, water (Palit's test):

When the solution of cobalt and nickel salt is tedlawith excess of sodium bicarbonate,
cobalt forms a pink coloured complex sodium cobea#ddbonate. Which on treated with
bromine wateris oxidised to green coloured sodiwhatti--carbonate. Nickel does not

UTTARAKHAND OPEN UNIVERSITY Page 51



LABORATORY COURSE-I BSCCH- 104

form a complex with NaHCO3 but on heating with bmoenwater, it is oxidised to black
nickelic oxide.

CoCls + 2NaHCO; = (Co(HCOx): + 2NaCl
Co(HCO:); + 4NaHCO,y - NagCo(COy)s| + 3H0 + 3CO: 1
Sod, cobalto carbonite
INaCo(COs)s| + Bry = 2Nay|Co(COy)s| + 2NaBr

Sod. cobalto carbonste Sod, cobalt carbonate
{Green)

Br; + HO = ZHEr + O
NiCl, + 2NaHCO; = NiCO; + INaCl+ H.O + €O; 1
INICOs + 3H:0 + O = INiOH): | +2C0O: 1
INI(OH); = NiO, § + 3H,0
Nickelic hydroxide Black ppe

FIFTH GROUFP
BARIUM, STRONTIUM, CALCIUM
{Bﬂ“‘h. sett catt)

BARIUM (Ba™ %) :
BaCly + (NHi):COs » BuCOs |+ ZNHJ(CI
White ppt.
BaC(), + 2CH;COOH - (CH,COQO):Ba + H,0 + CD; ©
Banum acetate
(CH,CO0),Ba + K,Cr(), = BaCrQ; } + 2CH,COOK

Barium acctate Yellow ppt

STRONTIUM (Sr*t)
SrCl + (NH4)2CO: -+ SrCOs | + INH.CI
White ppt.
SrC0; + 2CH,COOH = (CH,COO),Sr + H:0 + COz 1
Strontium acciate
(CH,CO0):Sr + (NH)S0, =+ S50, | + 2CH,COONH,

Strontium acetate White ppt,

(CALCIUM (Ca*™) ¢
CaCl: 4 (NH:1:COs = CaCOy | + 2NH.I
White ppt.
CaC0s + 2CHCOOH ~ (CHLO0).Ca + H0 + CO; |
Caleium acetate
Calcium acetate White ppt.
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Sixth group
Magnesium (Mcf):

Mg(NOg3),+NagHPO+NH,OH—Mg(NH4)PO, |+ 2NaNQ (white ppt.) +HO

Zero group:
Ammonium (NH;")
NH4Cl+ NaOH—NaCl + HO + NH; 1

NH3 + HCI —NH, CI (white fumes)

SUMMARY

The purpose of this lab is to identify the catiomesent in an unknown solution.

Qualitative analysis was used to identify the sahsés present in the unknown solution.
Qualitative analysis is used by reacting the unkm@wlution with a number of different

reagents.
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UNIT 4: INTRODUCTION LAB TECHNIQUES:
ORGANIC CHEMISTRY

CONTENTS:

4.1 Objectives

4.2 Introduction

4.3 Determination of melting point

4.4 Determination of melting point (Naphthalenee&lrBenzoic acid, Succinic acid etc.)
4.5 Determination of boiling point and Distillaii

4.1(Toluene, Ethanol, Propanol, ethyl acetate)

4.6 Crystallization

4.7 Sublimation (Camphor, Phthalic acid, Succimic

4.8 Summary

4.1 OBJECTIVES

In this chapter students learn the following ohjess.
*To determine the melting point procedure.
*Determination of boiling point and Distillation.
*To determine the process of Crystallisation.
*To determine the sublimation of camphor, phthaticl@and succinic acid.

4.2 INTRODUCTION

The purpose of the first part of the laboratoryrseuis to introduce you to many of the
techniques used to purify and separate compoune@dtingl point and to a much lesser
extent, boiling point is one important way of editiing whether the desired purification.
Melting point is the temperature at which a soindl diquid exist in equilibrium with each
other at a given pressure, or it is the temperaatirethich a solid begins to change to a
liquid under a pressure of one atmosphere. Thénggiloint of a liquid is that temperature
at which the vapour pressure of the liquid equale tatmospheric pressure.
Crystallization is a separation technique thatsseduto separate. a solid that has dissolved
in a liqguid and made a solution. Sublimation is tremsition of a substance directly from
the solid to the gas phase without passing thralighntermediate liquid phase

4.3 DETERMINATION OF MELTING POINT

This is the most important and significant stepthe identification of a solid organic
compound or to test the purity of a given solidamig compound. The experiment is
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usually carried out by capillary tube method usifigiele’s tube (fig. 4.3.1) or most
conveniently using the flask and test tube (fi@®.2). available in every chemistry lab. In
actual practice, a small quantity of the organibstance whose melting point is to be
determined is finely powdered between the piecddtef paper or on a porous plate with
the help of a spatula and introduced in a glaslagptube closed at one end by heating in
a Bunsen flame. The material is picked by gentppiteg the capillary on the table, the
capillary is then attached to the lower end of titiermometer with its sealed end down.
The thermometer is then placed in a thiele’s tubéest tube containing conc.,80, or
paraffin oil in such a way that the liquid covere ffilled length of the capillary and the
open end of the capillary remains above the surfddke liquid (to avoid the entry of the
liquid into the capillary). The test tube (in tHask and test tube method) in turn, is placed
in a flask containing the same bath liquid as mtést tube as shown in fig. 4.1.2 The flask
is gently heated and the burner is removed frone tiontime so that the slow steady rise in
temperature is maintained and this rise in the t¥atpre is observed carefully. The
temperature at which the solid substance melts &eip and becomes almost transparent
is recorded. This is the melting point of the orngasolid substance used. Traces of
impurities or moisture considerably lower the mmgtipoint. Hence the solid organic
compound taken for the determination of meltinghpshould be pure and dry.

Mixed Melting Point.

The mixed melting point is determined to establisle purity of known organic
compounds. A small amount of the compound undezstigation is mixed with a little of
se pure compound from the laboratory and the nmelpoint of such a mixture is
determined in the usual manner. If the value ofntiedting point of the mixture is the same
as that of the pure compound then the compoundrundestigation is pure but if the value
of its melting point is lower than that of the pw@mpound, the compound taken is impure.
Thus this technigue not only helps in the iderificn of an organic compound but also in
establishing the purity of known organic compound.
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Thermometer

Capillary tube
{Containing
Substance)

Fig. 4.3.1 D. of Melting point by Fig. 4.3.2 Determination of melting poiny b
Thiele’s method  flask and test tube method

44 DETERMINATION OF MELTING POINT OF
NAPHTHALENE, UREA, BENZOIC ACID, SUCCINIC ACID
ETC

Melting point of compounds given below is measubgdusing any of above procedure
given in point 4.3.

(i)Naphthalene. It sublimes on heating, m.gfG0

(ilUrea, m.p. 13%.

(iiiBenzoic acid, m.p. 12C.

(iv)Succinic acid. It also sublimes on heating,.pni8%C

4.5 DETERMINATION OF BOILING POINT

The boiling point of a liquid may be recorded ither of the two ways depending on the
availability of the appliances.
(a)First Method.

A few drops or a little liquid whose boiling poifias to be determined is taken in a
ignition tube. A capillary tube sealed at the upged is put inside the ignition tube and the
latter is attached to the lower part of the therratanwith the help of a rubber thread. The
thermometer along with the ignition tube is placeside a pyrex test tube in such a way
that the liquid inside the ignition tube is covet®dconc. HSQO, taken in the test tube as
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shown in fig. 4.5.1 below. The test tube is heatesvly and the rise of bubbles inside the
capillary is carefully observed. The temperaturevhich a regular and speedy stream of
bubbles begins to escape is recorded and is takd#edoiling point of the given liquid.
(b)Second Method.

The simple apparatus for the determination of bgifpoint by this method is shown below
in fig. 4.5.2 (a) & (b). The liquid whose boilingoimt is to be determined is taken in a
distillation flask or sometimes in a hard glassetuiaving two holes in the cork. Some
pumice stone or porcelain pieces are added to dumicping. A thermometer is fitted in
the flask or glass tube through a cork. The dejitabe of the flask or a bent glass tube
corked with the glass tube is connected to a watedenser if available (or the vapours of
the liquid can also be collected in a long tesejub

The thermometer is adjusted about one cm. abovsutiace the liquid. The flask or glass
tube is heated very gently using a burner. Heagirauld be very carefully regulated so that
the temperature rises slowly and boiling takeselgently. The liquid begins to distil over
after sometimes and the bulk of the liquid distier within a certain temperature range
which remains almost constant throughout the disiin. At this moment a rapid stream of
bubbles starts issuing from the liquid. This constamperature is the boiling point of the
liquid.

Distillation: 1t is a mixed process of vaporization (heating) anndensation (Cooling) of
a liquid substance. The boiling point determinatmnthe second method involves this
process.

The distillation method is useful in purifying tigeven liquid in addition to determining the
boiling point. Now a days, the boiling point is aly determined by using the hard glass
tube method (Fig. 4.5.2) (b).

Thermorgater

s quuid ;
8 sulphuric aud

y.
= Determination of boiling point

Fig. 4.5.1Fig. 4.5.2 (a) Fig. 4.5.2 (b)
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4.5 DETERMINATION OF BOILING POINT

Boiling point of compounds given below is measugdusing any of above procedure
given in point 4.4.

(1) Toluene, b. p. 114T.

(2) Ethanol, b. p. 7.

(3) Propanol (iso), b. p. 88

(4) Ethyl acetate, b.p. 7€

4.6 CRYSTALLIZATION

The formation of crystals from the solution of amgwund as a result of reduction in the
solvent volume or temperature is called crystdiiara The separation and purification of
the crystalline compounds are usually carried gquu$ing crystallization methods which
are based on the difference in the solubilitiethef substances in a solvent. There are two
main crystallization methods available for the separation and purification of solid
organic compounds: (i) simple crystallization aBylfactional crystallization.

(2)Simple crystallization.

The purification and separation of an organic coamgbis carried out by this method if an
impurity of small amount of insoluble substancettoe small amount (less than 5%) of a
soluble substance is present.

Procedure:

The given impure organic compound is powdered asgbtVed in suitable hot solvent just
sufficient to dissolve the whole solute in a beaKdre hot saturated solution (mixture) is
then quickly filtered through a filter paper placeda glass funnel enclosed with a hot
water jacket (fig. 4.6.1). The hot water keepsdbkition hot and prevents crystallization
during filtration. The insoluble and suspended intms remain on the filter paper and a
clear filtrate is collected in the beaker placebtbWwethe funnel.

The hot filtrate is allowed to cool undisturbedrabm temperature. After sometime, the
substance is obtained as crystals leaving behiadntipurities in the mother liquor. Now
the crystals are separated from the mother liqyofiltvation using filter paper with the
help of a Buchner funnel and suction pu(fig. 4.6.2). The crystals are again dissolved in
the minimum amount hot solvent and are allowedrystallize on cooling. This process if
repeated two or more times, crystals of the comga@ue obtained in pure form.
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Fig. 4.6.1

Hot saturated
solution

£/

Iz
g/ Hot water

ssracscoans

Filtration with the help of
hot water funnei

Substance

Dehydraling

agent

BSCCH- 104

Perforaled
disc

Filter
pump

Buchner
funmel

Mother
liquior

Fiitration with a Buchner funnal uising a suction pump

To pump
eSS e

' } Vacuum
SR i sias iy dessicator

Drying crystals in a vacuum dessicator.

The crystals are now dried by pressing betweensfalfl filter paper and finally over

"Fig. 4.6.3

anhydrous calcium chloride in a vacuum desiccdfas4.6.3).

(2)Fractional crystallization.

When the organic compound and the impurities pteiseihare both soluble in the solvent
and their relative amounts are larger, their sdfwaraand purification are carried out by
fractional crystallization method. Fractional cejBtation is the process in which the
crystallization procedures are repeated severastito separate the substances from their

mixture solution.

The principle of the fractional crystallizationbased on the fact that if the two substances
are dissolved in minimum amount of a hot solvertt #re solution is allowed to cool, then

that substance is crystallized first whose amosimhore than that required to saturate the
solvent at room temperature. The procedure adogtedrious steps is the same as that

discussed in simple crystallization method.
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4.7 SUBLIMATION

This method is used in the purification of thosédsowhich on heating sublime or distil
over directly as vapours or in gaseous form wittgeiting converted into the liquid state.
The vapours or gases, in turn, are converted djrextthe solid form on cooling without
changing into liquid state (fig. 4.7). This solidtained as a result of cooling of the vapours
or gases is called sublimate.

Naphthalene, camphor, Phthalic aammdl succinic acid are purified by this
method.

Sublimate

Funnel
Crude substanne

Fig. 4.7 Sublimation

4.8 SUMMARY

The melting point of a solid is the temperaturevhaich it changes state from solid to liquid
at atmospheric pressure. At the melting point tlidsand liquid phase exists in
equilibrium. The melting point of a substance dejseon pressure and is usually specified
at standard pressure. The boiling point of a sule#t is the temperature at which the vapor
pressure of the liquid equals the pressure suriagritie liquid and the liquid changes into
a vapor. The boiling point of a liquid varies degigy upon the surrounding environmental
pressure. Crystallization is also a chemical sdiigid separation technique, in which
mass transfer of a solute from the liquid solutiora pure solid crystalline phase occurs.
When anything solid turns into a gas without fsetoming liquid is called sublimation.
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UNIT 5: SEPARATION TECHNIQUES

CONTENTS:

5.1 Objectives

5.2 Introduction

5.3 Simple distillation Methods
5.4 Solvent Extraction Method
5.5 Summary

5.1 OBJECTIVES

In this chapter students learn the following objexs.
*To know that mixtures are composed of constituestish are not combined?
*To apply methods of distillation, to separate nigtu
*To understand the terms filtrate, residue, filoatidistil, distillate.

*To know that distillation can be used to separdigued from the solids which are
dissolved in it and that it is a process of evapaneand condensation.

*To know the process of solvent Extraction method.

5.2 INTRODUCTION

A separation process is a method to achieve angignshenon that converts a mixture of
chemical substance into two or more distinct prodoiztures, which may be referred to as
mixture.at least one of which is enriched in one or mor¢hef mixture's constituents. In
some cases, a separation may fully divide the mexito its pure constituents. Separations
differ in chemical properties or physical propestguch as size, shape, mass, density, or
chemical affinity, between the constituents of axtome. They are often classified
according to the particular differences they useathieve separation.. There are many
methods that one can use to separate one subdtancenother. The method that one
would choose will be dependent on the physical @rigs of the substances involved.
Solvent extraction is a very useful process forgbparation and isolation of compounds
from mixtures. Simple distillation is a procedurg which two liquids with different
boiling points can be separated. Simple distillafiine procedure outlined below) can be
used effectively to separate liquids that haveast fifty degrees difference in their boiling
points.
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5.3 SIMPLE DISTILLATION METHODS

Organic liquids are generally purified by employidgtillation methods. As has already
been stated that the process of conversion ofdiguo vapours by heating followed by the
cooling of the vapours to convert back to the ligisi called distillation. Thus, this process
involves both the evaporation and the condensationedures. There are many methods
available for distillation of liquids which deperah the nature of the liquids and the
impurities present in them.

1. Simple Distillation When the liquid contains soluble impurities of namatile
substances, it is purified by the simple distilatimethod. The liquid must have volatile
nature. The impure liquid is heated in a distidiatflask. The liquid is vapourised and the
vapours are allowed to pass through a water coedenbken they condense and the
distillate is collected in a receiver. Thus gratijuahe whole liquid is vapouriesd and
condensed and non-volatile impuries are left bemrttie distillation flask (fig. 5.3.1).

At the same time, when there is large differendgéen the boiling points of two miscible
liquids such as a mixture of benzene, b. §C88nd nitro benzene, b.p. 2C1 they are also
separated by simple distillation method becausaigh cases distillation of fractions again
and again for few repetitions, pure fractions carobtained.

2. Fractional Distillation

This method is employed for the purification ofiguid containing the impurities of other
volatile liquids or for the separation of two or radiquids having different boiling points
from a mixture. Thus fractional distillation is leason the difference of boiling points of
the liquids contained in the sample.

In the fractional distillation process, the mixtsi@a volatile liquids are heated slowly in the
special distillation apparatus (fig 5.3.2) and ligaid fractions obtained as distillates in the
suitable temperature ranges are collected in sepegeeiver flasks. This affects the partial
separation of constituents of the mixture. Thetfoes obtained first contain higher amount
of low boiling point liquid and the last fractiom®ntain the excess of high boiling point
liquid. The fractions obtained are again distiltedyet purer fractions than obtained earlier.
This process is repeated again and again to ottt@ipure liquids.

In the apparatus used for factional distillatiome flask is attached with a fractionating
column the upper end of which is connected with atew condenser which in turn is
attached with the receiver flask. In the fractiomgtcolumn, the process of vapourisation
and condensation of the fractions occurs autonibtit@ereby separating the constituents
and the fractions need not to be distilled agaohagain.

The fractionating column is a long glass tube whiwgs many obstructions. These
obstructions increase the surface area for coaingapours. When the liquid mixture is
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heated slowly, the liquids are vapourised and tggours enter the fractionating column.
As these vapours move upwards in the column, letile or high boiling point liquid
component is condensed (liquefied) and comes ddwencblumn. This liquid comes in
contract with up moving vapours and further condsribe less volatile liquid component
thus bringing it down to the distillation flack. &lvapours of more volatile or low boiling
point liquid component move upwards and escapeutfirahe condenser pipe where they
are condensed (liquefied). The process is repesgeeral times with the liquid remaining
in the distillation flack and that collected in thexeiver. This makes effective separation of
the components of a liquid mixture.

This method is employed to separate the comporanés liquid mixture having closer
boiling points such as that of benzene, b.3C88nd toluene, b.p. 190 and also to purify
the liquids.

r Tharmamete:

1 5 Tearmomains M
| & |
1

|

)
[,,1.

|
Fig. 5.3.1 Apparatus for simple distillation Fig 5.3.2 Fractional distillation
apparatus

3. Steam Distillation

The organic liquids or solids which are immiscililevater and steam volatile, are purified
by steam distillation method, for example: anilinajtrobenzene, chlorobenzene,

benzaldehydeg-nitrophenol, etc. The essential oils are alsoaetéd from flowers and
plants by this method.

“2—— Fraciinnaliesg
column

Eriatillase

In this method impure organic liquid is mixed wiome water and is heated in the
distillation flask. To this hot mixture is passdtketsteam from steam generator. At the
boiling point of the mixture, both water and orgahquid are vapourised together and the
vapours are condensed after passing through ther wamdenser. The distillate is collected
in the receiver as the two layers. Water and thgamic liquid are separated by the
separating funnel
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Adapter

d
Recelver

2 Distilled ’

25 tiquid ~Water

Fig. 5.3.3 steam distillation apparatus.

(1) Distillation Under Reduced Pressure

This method is employed for the purification of thguids which are decomposed at or
before their boiling points. By reducing the atmuspc pressure the liquid boils at lower
temperature then its normal boiling point and @istithout decomposing. The apparatus
used in the method is shown in fig. 5.3.4 belowe @istillation is carried out using Claisen
flask. For example, glycerine is purified by thisetmod. Glycerine decomposes at its
normal boiling point (29%C). At 10-12 mm pressure, glycerine boils at%B@nd does not
decompose.
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Mancometer
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Fig. 5.3.4 Distillation under reduced pressure (apgratus)

5.4 SOLVENT EXTRACTION METHOD

This is a recent or modern method of separationfesdmuch in common with fractional
distillation. This technique involves the partition distribution of a solute between two
immiscible liquids in contact with each other. Utriishes clean separation in a short span
of time and uses simple apparatus.

The process of solvent extraction is generally eygd either for the isolation of dissolved
substances from solutions or from solid mixturesasrthe removal of undesired soluble
impurities from the mixtures. The principle of seht extraction is based on the
distribution law. According to this law if a solute soluble in both of two immiscible
liquids in contact with each other, the solute i#itribute itself between the two liquids so
that the ratio of concentrations in them is a camstexpressed asyk CJ/C,, where K is
distribution (or partition) coefficient, £and G, are concentrations of extractable species
in organic and water layers. Sometimes the equddieghM/M,, is also used where D =
distribution, M, and M, are molar concentrations of the species in orgamid water
layers.
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The efficiency of extraction is of interest in thgtraction processes under a given set of
conditions. Thus the use of the percent of extwac(6E) is more meaningful than either

Kgq or D which is expreseed as % E = 100D¥§,+where \(, and \}, are volumes of water

and organic phases.

Extraction Techniques

There are various methods employed for the extmacti

(1) Batch Extraction.
This is the most common type of extraction techaiquwhich the organic liquid is added
to the solution to be extracted in a separatingélinAfter agitation for sufficient length of
time, the layers are allowed to separate. Nowdped opened and the lower heavier layer
is drained out of the stop-cock. If more extracdi@me required and the lower layer is the
organic layer, a second portion of the organicitigs added and process is repeated. If the
organic liquid is present in the upper layer, tlggeous layer is transferred to a second
separation funnel and a second portion of the acghauid is added. The process is
repeated as many times as required to ensureasatigf separation. The efficiency of
batch separation can be obtained as given earhes.method has been modified for more
effective separation which involves multiple batotiractions called continuous extraction
method. This method employs separate equipmentexXwaction using organic liquids
lighter or heavier than water.

(2) Back extraction or stripping.
The extracted material, after it is extracted iotganic layer, is usually returned to water
for the analytical procedure to be used in the rd@tetion. This is known as back
extraction or stripping. For the systems sensiiivpH, usually the practice is to agitate the
organic solution with an aqueous solution which besn adjusted to a pH value which is
below the pH range in which the material (generatigtal) is extracted into the organic
phase. In some cases, the organic liquid havingsttete is agitated with an aqueous
solution having a complexing agent which reactfiwietals to form metal complexes that
are more soluble in water than in the organic dqused in the extraction.

(3) Counter-Current extraction.

In a true counter-current extraction, the two inuiike liquids contact each other as they
flow through one another in opposite directionsctBextraction procedures have been
found to be very efficient because fresh extractaritrought into contact with the solute

depleted phase and the solute enriched extrastémbught into contact with fresh aqueous
solution. The amount of solute in either phaseradtey number of contact steps can be
calculated. Various devices have been proposedcéorying out the counter-current

extractions.

UTTARAKHAND OPEN UNIVERSITY Page 66



(4)

LABORATORY COURSE-I BSCCH- 104

Extraction of Solids.

Although the extraction or leaching of solids id acdtrue liquid-partitioning process, it is
an important example of an extraction phenomenothé simplest procedure, the solid is
covered with the liquid and after agitation forgtable time period, the liquid and solid are
separated by decantation, centrifugation or filr@t Most continuous extraction
procedures for solids utilize the soxhlet extrasthich allows the extraction in less time
and can work unobserved for a long time.

The solvent extraction method is widely used nowad#&or the separations and
determination of metals. For example, ferric iom ¢ extracted from aqueous solution
with a 1% solution of 8-hydroxyquinoline in chloosi by double extraction. The optical
density of chloroform layer is determined by usmgpectrophotometer. The process is
repeated with further portion of the reagent andicap density is measured again.
Similarly, it is also possible to determine uraniam8-hydroxy quinolate in the presence of
some EDTA at pH 8.8. The EDTA masks the interfeiims such as B& AI**, etc. Now
the optical density is determined as usual.

Likewise, by using suitable organic reagents, wagimetal ions can be estimated, e.g., (i)
D. of nickel as nickel dimethylglyoximate complefi) D. of molybdenum as Mo-
thiocyanate complex, (iii) D. of lead by dithizomeethod, etc.

5.5 SUMMARY

Solvent extraction is a method to separate compobaded on their relative solubilities in
two different immiscible liquids, usually water aad organic solvent. It is an extraction of
a substance from one liquid into another liquidgghe&Bimple distillation is a procedure by
which two liquids with different boiling points cdre separated. Simple distillation can be
used effectively to separate liquids that haveast fifty degrees difference in their boiling
points. Separation of a liquid mixture into fractsodiffering in boiling point by means of
distillation, typically using a fractionating columis called fractional . Distillation of a
liquid in a current of steam, used especially tafpuiquids that are not very volatile and
are immiscible with water called steam distillation
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UNIT 6: QUALITATIVE ANALYSIS

CONTENTS:
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6.7 Summary

6.1 OBJECTIVES

In this chapter students learn the following objexs.
*To detect nitrogen, sulphur and halogen in givextune.
*To identify functional groups with known samples.

6.2 INTRODUCTION

Qualitative analysis of an organic compound referthe detection of the elements present
in a compound. The most common elements preseau iorganic compound are carbon,
hydrogen, oxygen, nitrogen, halogen and sulphumelimes, elements such as phosphorus
and some metals may also be present. Thereforditagiva analysis is limited to the
detection of only a small number of elements ugyaksent in organic compounds.

6.3 DETECTION OF N, S AND HALOGENS

In organic compounds the most commonly occurriggneints are nitrogen (N), sulphur (S)
and halogens along with carbon (C), hydrogen (H) @xygen (O). In the identification of
an organic compound N, S and halogens are detbetede the functional groups are to be
looked for. This is done biassaigne’s Testin which these elements are converted into
ionisable inorganic substances. This is becaussetbeéements along with the others are
covalently linked in the organic compounds and db nespond to ionic reactions. This
may be accomplished by fusing the substance wittalitesodium in an ignition tube.
Thus N, S and halogens are converted to sodiumdgasuphide and halides respectively.
If N and S both are present in the same compouesetfare converted into NaCNS
(thiocyanate).

In the Lassaigne’s test, sodium extract is firgpared as follows: A sodium metal piece is
dried by pressing between the folds of a filter grapt is then introduced into a clean
ignition tube and covered by pouring the given safise into the tube. The ignition tube is
first heated very gently in the flame holding it inegans of a pair of tongs, taken it away
from the flame and heated again. This procesgmsated three to four times till the bottom
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of tube becomes red hot and reaction begins. Tthéhoe ignition tube is plunged into a
beaker or porcelain dish containing about 10 torl5distilled water. The contents are
stirred and allowed the remaining sodium to redtit water. The mixture is boiled for five

minutes and filtered. This filtrate is known as $aigne’s solution or sodium extract which
should be colourless and transparent. Otherwiséugien is repeated with larger piece of
sodium and sodium extract is prepared as abovecaineersion of the elements into ionic
form occurs as follows:

Na+C+ N-»NaCN= Na + CN

2Na + S— NaS= 2Nd + S~

2Na + X% — 2NaX= 2Na + 2X (X =Cl, Br, )
(1) Detection of Nitrogen.

About 2 ml. of sodium extract is treated with 3##mb of fresh and saturated solution of
FeSQ followed by 2-3 drops of NaOH. The contents argellofor two minutes. Then the
solution is cooled and 2 ml. of dil..HBO, are added to it to dissolve the precipitate of
ferrous hydroxide if formed and make the soluticrdig. Then added 2-3 drops of FeCl
solution. Formation of Prussian blue or greeniskelpprecipitate or colouration indicates
the presence of nitrogen. The reactions involvedgaren below:

Fe SQ + 2NaOH— Fe (OH) | + NaSOy
Fe SQ + 6NaCN— Na, [Fe(CN)] + 2NaOH
3Na, [Fe(CN)] + 4FeCt—Fe, [Fe(CN)]s(Prussian blue) +12NacCl

In the presence of N and S both in the compourelatiove test gives blood red colour as
follows:
Na +C + N + S— Na CNS
3Na CNS + Fe Gl— Fe (CNS] (blood red) + 3NaCl
Ferric sulphocyanide
(2) Detection of Sulphur.

(1) 2ml. of freshly prepared sodium nitropursside solut(colourless) are added to
1ml. of sodium extract. A violet or purple colow developed confirming the
presence of sulphur, B& + Na [Fe(CN) NOJ]—Na, [Fe(CN)} NOS] (violet
colour).

(2) Alternately, to 2ml. of sodium extract acidifiedtlviacetic acid is added 2ml. of
lead acetate solution, a black precipitate of Pbh®rmed, it also indicates the
presence of sulphur.
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NayS + (CHCOO), Pb— PbS(Black ppt.) + 2C¥00 Na
Acid

(3) Detection of Halogens.

The halogens (ClI, Br, 1) present in an organic coamgl are detected in two ways:
(i) By silver nitrate test. - This is done as follows: 2ml. of sodium extractboiled
with 1ml. conc. HNQ and then AgN@is added to it:
(a)White curdy precipitate is formed; soluble in XHH-Cl is present.
(b)Pale (light) yellow precipitate appears; palyiabluble in NHOH-Br is present.
(c)Yellow precipitate is formed, insoluble in MBIH-I is present.

Na Cl + Ag NQ —Ag Cl | (White ppt.) + NaN@
Ag Cl + 2NHOH — [Ag (NH3)]CI (soluble) + 2HO
Na Br + Ag NQ — Ag Br | (light yellow ppt.) + NaN@
Ag Br + 2NH; OH — [Ag (NHs3). Br] (partially soluble) + 20
Nal + Ag NO; — Ag | | (Yellow ppt) + NaNQ
Agl + NH; OH — insoluble

(i) By chloroform test. - 2ml. of sodium extract are acidified with dil. HNChen
added 2-3 drops of chloroform or GCliollowed by chlorine water shaking first gently
and then vigorously, if chloroform layer turns pal®wn-bromine is present but if it
turns purple or violet iodine is present.
2NaBr +C}) — 2NaCl + Bp
Br, + CHCk — Pale- brown colour.
2 Nai + Cb — 2NaCl + b
I, + CHCk — purple or violet colour.

6.4 IDENTIFICATION OF FUNCTIONAL GROUPS

Organic compounds may be regarded as the derigatiV@ydrocarbons having different
functional groups in place of one or more hydrogemms. Their characteristic properties
and reactions are largely due to the presencenatiftnal groups present in them. Correct
detection of functional groups in the organic coommis leads to a very reasonable and
accurate identification of those compounds.

For the sake of convenience all the organic comgsuare divided into four types
depending upon the presence or absence of N, 8aodens. After detecting the elements
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by Lassaigne’s test, it is advised to perform farttests as per the types I, I, lll or IV
whichever be suitable according to the presentkeo$pecial elements in the compounds.

Type | : Compounds containing C and H with or withaut oxygen.

fuming HSOy,

(i) Insoluble

S.N. Experiment Observation Inference

1.(a) On treatment of the compoungBrisk  effervescence| Acids
with NaHCGQ; solution appears

(b) On treating of the compoundBlue litmus turns red | Acids
with blue litmus,

2. On adding ceric ammoniumRed colouration is| Alcohols
nitrate solution to the compound; observed

3.(a) Two drops of FeGlare added to| Typical colour | Phenols
an aqueous of alcoholic solutionchanges are observed
of the compound,
Phthalein test is performed, Positive  result is

(b) observed Phenols

4, The compound is heated withRed priapitate is| Aldehydes or
Fehling’s solution or Benedict's formed reducing
solution, sugars

5. The compound is treated withPink colouration is| Aldehydes
Schiff's solution. observed.

6. On Shaking the compound withWhite precipitate is| Aldehydes or
sodium bisulphite solution, formed. Ketones

7. The compound is treated withRed colouration | Methyl
alkaline sodium nitroprusside appears Ketones
solution,

8. Molisch’s test is performed, Result is positive Sugars

9. On heating the compound withPink colour is slowly | Esters
dil. NaOH solution containing g discharged
drop of phenolphthalein

10. On heating the compound with(i) Soluble Aromatic  or

unsaturated
hydrocarbons
Saturated
aliphatic
hydrocarbons
or ethers
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Type Il: Compounds containing C, H and halogens wh or without oxygen.

S.N. Experiment Observation Inference
1. On boiling the (i) White ppt. soluble in | Chloro compounds
compound with NH,OH
alcoholic AgNQ,
(i) Ligth yellow ppt. Bromo compounds
Partially soluble in
NH,OH
(iii) Deep yellow ppt. lodo compounds
insoluble in NHOH
2. If the compound is (i) Soluble Aromatic or
heated with fuming unsaturated alkyl
H.SOy, halides
(i) Insoluble Saturated aliphatic
alkyl halides
Type lll. : Compounds containing C, H and N with or without oxygen.
S.N. Experiment Observation Inference
1. The compound is boiled | Smell of ammonia is Amides
with ag. NaOH, noticed
2. The compound is treated (i) Brisk effervescence Amides, amino
with dil. HCI followed occurs acids, primary
by NaNQ drowse in amines or urea
cold, (if) Brown or green ppt. is
formed
(iiif) Blue colouration
appears
3. On treating the above | Bright orange-red dye in Aromatic primary

contents with alkalinef

formed

- naphthol solution ,

amines

UTTARAKHAND OPEN UNIVERSITY

Page 72




LABORATORY COURSE-I

BSCCH- 104

4. The compound is boiled| Yellow colouration Nitro phenols or
with water, nitro compounds
5. The compound is boiled| Grey precipitate is formed Nitro compounds

with zinc dust and aq.
NH4CI, filtered and
filtrate is treated with
Tollen’s regent,

Type IV (A) : Compounds containing C, H and S withor without oxygen.

substance and animal
charcoal are mixed and
filled one third of the
ignition tube with it and
heated,

odour is noticed

S.N. Experiment Observation Inference
1. To the ag. solution of the Violet or red colour is Sulphonic acids of
substance is added few | observed phenols or hydrdro
drops of FeGlsolution, carbons
2. Equal quantities of Disagreeable garlic like | Sulphones

(B): Compounds containing C, H, S and N with or wihout oxygen.

S.N. Experiment Observation Inference

1. 2ml. of NaOH solution | Brown or black colour or | Thioureas
are added to a trace of | precipitate appears
the substance in a test
tube, heated to boiling,
cooled and added 2 drops
of ag. lead acetate,

2. A trace of the substance| (i) If colour changes to | Test (a) given below
is dissolved in 2ml. of red. is performed
water by boiling in a test
tube and a piece of blue | (i) If no change in Test (b) is performed
litmus paper is colour as given below
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introduced in it,

(@) A trace of the substance| Red colouration appears Amino sulphonic
is dissolved in 3ml. of acids

dil. HCI, cooled inice
cold water and added
3ml. of 2% sodium
nitrite solution and then
4ml. of alkalinef
naphthol solution

(b) 5 drops of conc. }$0, Colour changes to blue | Sulphonamide or
are added to a trace of | and smell of NHis saccharin
substance and heated | noticed
gently for few minutes,
cooled and diluted with
2ml. water. Then added
flakes of NaOH and a
piece of moistened red
litmus paper is brought
near the mouth of the test
tube,

Confirmation of Functional Groups.

The functional groups are then confirmed by norarad sometimes by performing some
special test.

1.Carboxylic acid group (-COOH).

(i) Litmus paper test.If the blue litmus paper or solution is addedh® aq. solution or
suspension of the compound, it turns red.

(i) Sodium bicarbonate testIf a small amount of the compound is added to &bou
3ml. of saturated sodium bicarbonate solution kbef$ervescence is noticed.

(iif) Fluorescence test.0.2gm. of organic compound is heated gently Wifgm. of
resorcinol and few drops of conc,$0y in a hard test tube for two minutes, cooled
and poured the contents into a beaker containim@HNdiluted largly with water.
Intense green fluorescence is formed indicating phesence of 1,2 or ortho
dicarboxylic group (i.e. phthalic acid)

(iv) Ester formation. A small quantity of the substance is heated wwithyl alcohol
and a little conc. EBOy, cooled and poured in a tube containing water. Atyfru
smell due to the formation of an ester indicatespiesence of carboxylic group.
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(v) Ferric chloride test. 0.5gm. of the acid is neutralised with excesarafmonia in a
boiling test tube, the solution is boiled to remaseess of ammonia, cooled and
added few drops of neutral Fg@blution:

If reddish brown precipitate is formed: aliphatiarlsoxylic acids; Buff ppt. is formed:
Aromatic acids and certain dibasic acids; If via@elour appears: Aromatic hydroxy acids

Note. Phenols and-naphthylamine also produce colour with FeCl

2. Alcoholic —OH group.

(i) Ceric ammonium nitrate test2drops of the organic substance are treated with
0.5ml. of ceric ammonium nitrate solution, thenutdld with 2ml. water. A red
colouration is observed.

(i) Sodium test. About 2ml. of the compound are taken in a test taoeled to it a
piece of anhyd. Caglo absorb any water if present. The clear ligaittansferred
to another dry test tube and added to it a dryep@csodium. The effervescence
appears due to liberation of hydrogen.

Distinction among primary, secondary and tertiary dcohols.

If 2ml. of the compound is treated with about 5ailLucas reagent (8 gm of anhyd, Zny Cl
in 5ml. conc. HCI) and shaken, an insoluble layteorace is formed by a tertiary alcohol,
cloudiness within 4-5 minutes appears in case se@ndary alcohol and the solution
remains clear for a primary alcohol.

2. Phenolic —OH group.

() Ferric chloride test.On adding 2-3 drops of ferric chloride to 2ml. agfueous or
alcoholic solution of the compound, a green, blueviolet colour shows the
presence of phenolic —OH group but nitro phenolsatoshow this test.

Exceptionsa-naphthylamine and benzoic acid also respond otésit as follows:

a - naphthylamine -blue colour

Benzoic acid-buff coloured ppt.

(i) Liebermann’s test. A little amount of the compound is fused with rgstal of
sodium nitrite in a tube, the mixture is cooled amdt added 1ml. conc. 430, a
deep green to blue solution is formed which tuets when poured in large excess
of water. The red aqueous solution again becomep deecen or blue if made
alkaline with NaOH.

(iif) Azo-dye formation. 2drops of aniline are treated with 0.5ml. con€lkh a test
tube, diluted with water and cooled in a freeziraghb then added dil. NaNO
solution while shaking. This diazotized solutionpgeured to that of phenol in
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excess of 2N-NaOH solution. Formation of a dye range or red colour indicates
the phenolic group.

(iv) Phthalein test.0.5gm. of compound is heated with 1gm. phthalibyande and
2drops of conc. k80O, for 1minute, cooled and made alkaline with dil. O\
solution. If few drops of this alkaline liquid arpoured in 20ml. water,
characteristic colour appears due to phenolic group
Phenol, O-Cresol-red colour
Catechol, m-Cresol-blue colour
Resorcinol-fluorescent green
p-Cresol-no colouration
Hydroquinone-deep blue
a — Naphthol-green
B — Naphthol-light green

3. Aldehyde group (-CHO)

(i) Test with Schiff's reagent 5-6 drops of liquid or (0.1gm) of compound are exditb
2ml. of the reagent, contents are shaken vigoroastieep red or violet colour after
waiting for 2-3 minutes. (no heating)

(ii) Test with Tollen’s regent 0.1gm. of solid or 0.1ml. of liquid compound wded to
2ml. of Tollen’s reagent, warmed and allowed tondtéor 2-3 minutes when a
silver mirror or a grey precipitate is formed.

(iif) Test with Fehling’s solution. 0.1gm. of soid or 0.2ml. of liquid compound is
added to 5ml. of fehling’s solution and the mixtisédoiled when red precipitate is
formed.

(iv) Test with Benedict's solution.0.1gm. of the compound is boiled with 2-3ml. of
Benedict’s solution for few minutes while a redlgel precipitate appears.

The compounds can be quickly guessed by the faligwbints:

(a)Smell of bitter almonds — benzaldehyde

(b)If bad pungent odour is there, NaOH is addetti¢diquid compound and shaken

()Brown resin formed — acetaldehyde

(ii)No such change — formaldehyde

4. Ketone group (>C = O).

(i) 2,4- Dinitrophenyl hydrazine test2drops of the substance are added to about 2ml.
of the reagent solution, shaken vigorously anddtk#dtnecessary, when a yellow or
orange red precipitate separates out.

(i) Sodium bisulphite test 0.2gm. or 0.3ml of the compound is added to lofl.
saturated sodium bisulphite solution and shakeorwigsly, a white precipitate is
formed.

(iif) Sodium nitroprusside test0.1gm. of solid or 0.2ml. of liquid compound $ded
to 2ml. of ag. sodium nitroprusside solution andteats are made alkaline with 2-3
drops of sodium hydroxide, a red or purple colgyears (benzophenone does not
respond to this test).
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Note:The first two tests, i.e. with 2,4 dinitrophenyldmgzine and sodium bisulphite, are
also given by aldehydes but the difference is kietbnes do not respond to the tests with
Tollen’s reagent, Fehling’s solution, Schiff's stun, etc.

5. Ester group (RCOOR).

All the esters possess fruity smell.

(i) Phenolphthalein test To 3ml. of the compound are added 2-3 drops oy ddute
NaOH solution followed by a drop of phenolphthalaimd heated gently, the pink colour
is gradually discharged (due to hydrolysis of gster

6. Carbohydrate.

(DMolisch’s test. To 1ml. aqueous suspension of compound are addexp2 of 10%

alcoholic solution ofa — naphthol and shaken well. Now added carefully. 2Zrh conc.

H,SO, along the side of the test tube, a reddish-viohgj is formed at the junction of two

layers in case of carbohydrate.

In the Molisch’s test 8ml. conc. HCI is added iaq@ of conc. k5O, and the solution is

boiled, a violet colour is produced immediately farcrose or fructose but glucose gives

this colour after 1-2 minutes of continuous boiling

(if) Sulphuric acid test.A small amount of the powdered compound is treatgd 1ml.

cold conc. HSQ,, colour varying from yellow, brown and black aprea

(iii) Test with Tollen’s reagent. 0.1gm. of the compound is added to 2ml. of Taden

reagent and heated gently, a silver mirror is oletinside the wall of the vessel.

(iv)Test with Fehling’s solution or Benedict’s solutiorlml. of the ag. solution of the

compound is boiled with 2ml. of Fehling’'s solutionBenedict’s solution for two minutes,

red precipitate is formed in case of reducing ssigiéithe mixture with Benedict’s solution
remains blue or only slight turbidity appears tkaorose is present.
7. Hydrocarbon and Ether.

If the compound does not respond to any above itestay be suspected to be either a

hydrocarbon or ether. Ethers are soluble in phasphacid while hydrocarbons are

rendered insoluble. All ethers are sweet smellibguid benzene and toluene have
characteristic sweet petrol like odour.

i. Feigl's test for ethers1-2ml. of ether are taken in a boiling tube asdibuth is covered
with a filter paper moistened with a mixture of dapacetate and benzidine
hydrochloride solution. On heating to boiling, a&pdeblue colour appears on filter paper
due to the formation of benzidine blue due to tineegroup.

ii. To 0.5 ml. of the compound is added 1ml. of iodsaéution in CS and shaken well the
purple colour of Cglayer changes due to ether group.

iii. 1ml. of compound is mixed with 4ml. of glacial acedcid and 1ml. conc. $$0Q,, heated
under reflux condenser for about 5 minutes, coaled and extracted with benzene
purple colour appears due to ether group (Thisdastbe applied only when ester group
is absent, otherwise not). If the above tests agative, then the compound is a
hydrocarbon.
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8. Halogen containing compound.
(i) Alcoholic silver nitrate test. A little amount of the compound is heated withl.2of
alcoholic silver nitrate solution for a few minut@sd the observed the following:
(a)Formation of a precipitate indicates the presexialiphatic or reactive halogen.
(b)No precipitate indicates the presence of hal@em attached to benzene nucleus
(but 1-chloro-2, 4-dinitro benzene doesrespond to this test).

Quick guess.

(a)lf the Cl-containing compound is solid, alipleadind crystalline containing —CHO group, it
is chloral-hydrate.

(b)Cl-containing compound is aromatic solid, coleas and crystalline with characteristic
smell, it is p-dichlorobenzene.

9.Amide group (-CONH,)
(i) Sodium hydroxide test.0.2gm. of the compound is heated with 4ml. of ldgOH,
ammonia gas is evolved due to amide group.
(i) Nitrous acid group. To 0.2gm. of substance is added 2ml. dil. HClofeed by 2ml.
of 2% ag. NaN®@and shaken, brisk effervescence due to the ewvalati nitrogen indicates
amide group.
(i) Hydroxylamine hydrochloride test.In a test tube 0.2gm of the compound, 0.2gm of
hydroxylamine hydrochloride and 2ml. ethyl alcolaok taken, boiled for five minutes,
cooled and added few drops of Fe(Blue-red colour appears indicating an aliphatic
amide.
(iv) To the aqg. solution of the compound are added Tepsdof 6% HO, and heated
nearly to boiling, cooled and added 1-2 drops of B&&k solution, Bluish red colour
appears in cold within 2mintues or a brown coloarvearming shows the presence of an
aromatic amide.

(Quick test Compound is dissolved in water by heating coded added 1ml. conc.
HNO3

(a)Crystalline ppt formed -urea

(b)No ppt. and aliphatic-acetamide

(c)No ppt. and aromatic -benzamide)

10.Amine groups (-NH > NH and= N).

(a)Primary amine.

() Nitrous acid test.0.2gm. of the compound is dissolved in 10ml. HIC| and cooled.
Now added 10% aqg. NaNQ@olution, brisk effervescence appears-aliphaiimgry amine.
(i) Carbylamine testA mixture of 2 drops of the compound, 2drops ofoodform and
2ml. of alcoholic caustic potash (KOH) is boiledn Antolerable offensive odour of
carbylamine indicates a primary amine.
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(iif) Diazotisation testAbout 0.2gm. of the compound is dissolved in HICI, cooled and
added to it 10% aqg. NaNOrhis is poured into a beaker containing 10% afieafi —
naphthol, a bright orange-red dye appears-arorpatitary amine

(iv)Rimini test. To about 0.3gm. of the compound taken in a tdst are added 5ml. water,
1ml. acetone and a few drops of sodium nitropressadlowed to stand for 2minutes: a
violet red colour appears for aliphatic primary aes.

(b)Secondary amine.

() Nitrous acid testlce cold dil. HCI is added to a solution of 1% BigNQ,. This solution
is added gradually to the solution of compound @l KD.5gm. in I0ml. HCI). An oily dark
coloured liquid or low melting solid is formed dte aliphatic or aromatic secondary
amine.

(i) Libermann’s nitroso testin the above test, if 1ml. conc,$0, is added cautiously to
the reaction mixture, a blue colouration which aesito red on dilution with water and
blue or green with ag. alkali confirms the secopdanine.

(c)Tertiary amine.

()Nitrous acid testlIce cold dil. HCI is added to 1% aq. Nap@o this solution is added
gradually 0.2gm. of the compound in 10ml. dil. HCI:

(a)lf there is no reaction-tertiary aliphatic amine

(b)If green or brown coloured salt is produced-aatottertiary amine.

11.Nitro group (-NOy).

Almost all nitro compounds are light yellow or y@il in colour.

()Sodium hydroxide testA small amount of the compound is shaken with ZshINaOH
solution, yellow, intense yellow or orange colosiproduced due to nitro group.

(ii) Zinc-ammonium chloride testA small amount of the substance is boiled with .5ofhl
5% alcohol, 0.2gm. each of NEI and zinc dust, cooled, filtered and added tdfiltrate 2
ml. of Tollen’s reagent. On heating, a black gregcipitate is formed due to nitro
compounds.

(iii) Azo-dye testD.1gm. of the substance is heated with 0.5ml. céi@ and 2-3 small
pieces of metallic tin for 3-4 minutes, filteredpoted and added 3ml. of ag. NaNO
solution. This is poured into a beaker containifigilene B naphthol solution. An orange
red dye is formed.

12.Sulphonic acid group (-SGH).

The compound having sulphonic acid group givestpasiest for S element.

()Sodium bicarbonate test little amount of the compound is added to a fal of aqg.
NaHCQ; and the contents are stirred. Brisk effervescarfc€0O, and positive test of
element S confirms the sulphonic acid group.

(i) Fusion test. Equal amounts of the compound and solid NaOH/KQel fased and
treated with dilute mineral acid. A penetrating #noé SO, is noticed. The gas if passed
into acidic KCr,Oy solution, green colour is developed.
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6.7 SUMMARY

Detection of nitrogen (N), sulphur (S), and halogé€K) is done by Lassaigne’s Test in
which these elements are converted into ionisatieganic substances. This can be done
by fusing the substance with metallic sodium irigition tube. On fusion with sodium N,
S, and halogens are converted to sodium cyanidighide and halides respectively. If N
and S both are present in the same compound thesecanverted into NaCNS
(thiocyanate). Functional groups are specific atoross, or groups of atoms having
consistent properties. For the sake of conveniaficghe organic compounds are divided
into four types depending upon the presence orrmlesef N, S and halogens. After
detecting the elements by Lassaigne’s test, itliésad to perform further tests as per the
types |, II, lll or IV whichever be suitable accorg to the presence of the special elements
in the compounds. The functional groups are thatiicned by normal and sometimes by
performing some special test.
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UNIT 7: INTRODUCTION LAB TECHNIQUES:
PHYSICAL CHEMISTRY

CONTENTS:
7.1 Objectives
7.2 Introduction
7.3 Use of Apparatus: Pipette, Burette, Volumdtesk, Balance, Use of Burner-
7.4 Types of Flames (Luminous flame, Non lumindamg)
7.5 Introduction to Instruments
7.5.1 Colorimeter
7.5.2 Conductometer
7.6 Solubility and Standard solutions
7.7 Data Analysis and Error Calculation
7.8 Graph Plotting
7.9 Safety measures and First Aid
1.10. Summary

7.1 OBJECTIVES

In this chapter students learn the following ohyjexs.

*Students will learn how to carry out independenpezimental work in a laboratory
setting while investigating a research problemljzatiappropriate instrumentation and
techniques.

*Become familiar with different volumetric measurerteeand use laboratory apparatus
correctly.

*Interpret experimental results and draw reasonadmelusions and write them  properly.

* Apply safety rules in the practice of laboratoryastigations.

7.2 INTRODUCTION

Behavior of matter: Chemistry is concerned with the composition, stieet and
properties of matter. Anything which occupies spanoe has mass is known as matter.
Matter can exists in three states solid, liquid gas.

Solutions: Solvent, solute and solution

Solvent: The liquid which allows the solute to dissolveitrio form a solution is called
solvent.

Solute: The substance which dissolves in a solvent igdall solute.
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Solution: A homogenous mixture of a solute in solvent isechtolution.

If the amount of solute is relatively small comgmhrto the amount of solvent is called a
dilute solution.

A solution in which the amount of solute is relaty large compared to the amount of
solvent is considered concentrated solution.

7.3 USE OF APPARATUS: PIPETTE, BURETTE,
VOLUMETRIC FLASK, BALANCE, USE OF BURNER

In chemistry experiments the glassware used isttgipburette, test tube, boiling tube,
beaker, measuring flask, conical flask, graduatgithder, funnel steam bath etc. For
measuring fixed amount of a liquid either pipette lurette (sometimes graduated
cylinders) are used. For titration purposes corfleak is used it may be 100 ml or 250 ml
balance is used for weighing purposes. Now a dalgstrical balance is used.

Bunsen burner:
Bunsen burner is shown in fig 7.1. To get steady ffllame proceed as follows

“‘Roaring”” blue flame

Handle in same plane as
outlet — full on

Handle at right
angles for off

Sharp blue inner cone

Spin barrel or collar
to regulate air flow

g

— Needle valve to

regulate gas
{not in the traditional Typical bench gas valve,
Bunsen burner) turned ON full blast

Fig 7.1 Bunsen burner

()Find the round knob controlling the needle valvieich is at the base of the burner. Turn it

clockwise to stop the flow of gas completely. lfuydurner does not have a needle valve
the gas flow has to be regulated at the bench atbpdig 7.1).

(i)There is a movable collar at the base of thenbuwhich controls air flow. Now see that all

the holes are closed (i.e. no air gets in).

(iif)Connect the burner to the bench stopcock bynedubing and turn the bench valve fallen.

The bench valve handle should be parallel to thkeb(iig 7.1).

(iv)Now, slowly open the needle valve. You may bstjable to hear some gas escaping. Light

the burner. Mind your face. Don’t look down at th@ner as you open the valve.
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(v)You will get a wavy yellow flame, something ydon't really want. But at least it will light.
Now open the air collar a little, the yellow disapps a blue flame forms. This is what you
want.

(vi)Now adjust the needle valve and collar foreasty blue flame.

7.4.TYPES OF FLAMES

7.4.1 Oxidising and reducing flame

Oxidizing flame is produced by placing nozzle oé thiowpipe about one third within the
flame and blowing vigorously in a manner so asaase the extreme tip of the flame to act
on the substance under examination.

OXIoIsinG

Fig 7.2 oxidizing and reducing flame

Reducing flame is produced by blowing gently thanfé with a mouth blowpipe, the
nozzle of which of which kept just outside the flaim a manner so that the inner cone of
the flame acts upon the substance under examination

7.4.2 Luminous and Non luminous flames

A luminous flame is burning flame which is brightlysible. Much of its output is in the
form of visible light, as well as heat or light ihe non-visible wavelengths. A luminous
flame is a bright, light emitting, usually yellodafme. For example, if you light a match
and watch it burn, this is luminous flame. Onehaf most familiar instances of a luminous
flame is produced by a Bunsen burner. This burrgar 4 controllable air supply and a
constant gas jet: when the air supply is reducdufyly luminous, and thus visible, orange
‘safety flame’ is produced. For heating work, thei@let is open and the burner produces a
much hotter blue flame.

A non-luminous flame is a flame in which the fusl undergoing complete, or near
complete combustion. A non-luminous flame (as tam@& implies) is much darker than a
luminous flame and does not emit as much light. ddleur is generally blue and the flame
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temperature is much higher than a non-luminous dla@ne can easily adjust a Bunsen
burner or propane torch to make a non-luminousdlam

7.5 INTRODUCTION TO INSTRUMENTS

7.5.1Calorimeter

For the measurement of heat of various reactiotiseremos flask or a calorimeter is used.
A calorimeter suitable for general experiments wsthlutions may be constructed by
loosely packing the space between two large botlibgs or two beakers with cotton wool.
The modern vacuum flask has the merit of very gosdlation, but the narrowed neck of
the ordinary of thermos type prevents the use @facient stirrer, and if mixing

Fig 7.3 calorimeter

is done by shaking, the water equivalent has abgaittes. An unsilvered, straight sided
Dewar flask (fig 7.3). Avoids this serious disadwzges without serious loss of heat
insulation.

7.5.2Conductivity bridge

An electric current flowing through an electrolysegoverned by Ohm’s law. According to
Ohm’s law the current strength (1) is directly poofional to the difference of potential (E)
between the two ends of the conductor through whiad current is flowing, thus
mathematically.

| E

or I= KE or IR=E
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where R and K are constants. The ratio E/I is #séstance of the circuit to the passage of
electric current and so the constant R is knownremstance. The K is known as
conductance.

The conductance of a substance i.e., its powemnflacting an electric current, is thus
reciprocal of resistance.

Measurement of conductivity of a solution

The resistance of a conductor is measured by mefavheatstone bridge. When a direct
current is passed through solution, the followiif§allties arise.

1. The electrodes are polarized i.e., the prodofctise electrolysis accumulate on them.

2. The passage of current involves the decompeositi a portion of the solute, so the
concentration of this substance changes duringdlssage of electric current.

RESISTANCE
BOX

o o A9t

TEST SOLUTION

SECOMNDAR Y.,ﬁ_.i_ﬂiap_ﬁmr 0030
PRIMARY ammmmam HINDUCTION COIL

e

BATTERY

Fig 7.4 Conductivity Bridge (Wheatstone bridge)

To remove these difficulties we use alternatingrenir in place of direct current. It is
obtained in the laboratory from the secondary obikmall induction coil. In this case
galvanometer is replaced by a head phone the amagnf is shown in fig 7.4

7.6 SOLUBILITY

Different solution dissolve to different extenttime same mass of solvent, i.e., they have
different solubilities. Solubilities is thus theiltly of a salute to dissolve in a particular
solvent. To obtain a uniform result, the amounsolvent is fixed, it is 100 gm and the
solution should be saturated at a particular teatpes.
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Hence solubility of a solute &t

weight of soluts(g) XlOO — weight of solure(g) XlOO

weight of solvent(g) sight of selution—weight of solutsig)

Thus if we say solubility of cane sugar is x’&,tmeans x gm of solute are dissolved
in 100 g of solvent af€.
Standard solution:
The solution of accurately known concentrationnewn as standard solution. It contains
accurately known amount of substance in unit volwhsolution. It may be in terms of
molarity, molality, normality, mole fraction or pgmtage compostion.

Preparation of standard solution
Standard solution may be prepared by any of tHevihg two methods.

(1)By direct weighing.
(2)BYy titration.

(2)By direct weighing:
The standard solution of certain substances cagwdgared, provided they are available in
pure state, by weighing a definite amount of thestance, dissolving in a suitable solvent,
usually water and making up the solution to knowtume.
The amount of substance to be weighed is calculkaegding in view the ultimate volume
of desired normality of the solution. Such substamdhose standard solution can be
prepared by direct weighing are called primary déad substances. In practice, it is often
more convenient to prepare a little more conceiotmagolution than it is actually required.
This is then diluted with distilled water until tlselution of desired normality is obtained.
The extent to which the solution is to be dilutedalculated from the normality equation.

N]_Vl = N2V2

Where N= Original normality

V= Original volume taken

N2= Required normality

Vo= Volume after dilution
Then Vb= N;V1/N, and the volume of water to be added to the volMe(V2-Vi) ml.
standard solution of oxalic acid can be preparethlsymethod.
2. By titration:
This is an indirect method employed for the prefiamaof standard solution of those
substances which are not available in a state ritfypsodium hydroxide, mineral acids and
many other substances. In such case a little mameentrated solution then is ultimately
required, is first prepared. This solution is tstandardised by titration against a solution
of pure substance and of known concentration. Thasnormality of the solution to be
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prepared is known, from which solution of desirenmmality is prepared by dilution with
distilled water.

Primary standards:

There are certain substances whose standard sot#iobe prepared by directly weighing
the known amount of substance available in a sthpirity, in a suitable solvent usually
water and making up the solution to a definite wodu Such substances are called primary
standards. Therefore, a primary standard is a solistance which is used for the direct
standardsation of a given solution. The volumehefdiven solution required to react with
the dissolved standard gives a measure of nornlitige solution. Only a few substances
are available as primary standards because a pristandard is required to fulfill certain
requirements.

Requirement of primary standard:

A primary standard must fulfill the following corntins:

(i) It should be easily available in a state of purity.

(i) It must be easy to obtain, to purify, to dry angbteserve it in pure state.

(iii) It must be of definite known composition and capadil reacting quantitatively and
in a known way with a solution to be standardized.

(iv) Its composition should remain unchanged duringagg@rand in air during weighing
i.e., it should not be hygroscopic or efflorescanr oxidized by air affected by
carbon- dioxide.

(v) It should have high equivalent weight, to minimizeighing errors.

For example if you have to prepare N/10 oxalic adbition in 250 ml you weigh 1.5750
gm and transfer the weighed oxalic acid into a @b@neasuring flask, dissolve it in water
and make the volume 250 ml. Its normality will bA®L It is primary standard.

In contrast suppose you have to prepare N/5 sotiyoinoxide solution in 250 ml. if you
weigh 2 gm and dissolve it in 250 ml, the normalityl be not be N/5 it will be much less
than that, because if you are weighing 2 gm ansbdlitng it in 250 ml flask, by the time
you pour the weighed amount into measuring flagkyérolyses and the dissolved amount
becomes much less than 2 gm.

If you have to prepare exactly N/5 NaOH solution2i50 ml, weigh excess of sodium
hydroxide say approximately 3 gm and dissolve i@ 28. To know its exact strength
titrate it against standard oxalic acid solution.

At this stage you will get the exact strength ofO¥asolution (from NV, (oxalic acid)=
NoVo (NaOH)

Suppose you get the strength of NaOH solution eiguisl3. Now for preparing N/5 NaOH
solution in 250 ml the following formula is used

N1V1 = N2V2
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N/5.x250 = N/3. x
X1=250x3/5 = 150 ml

That means 150 ml of N/3 sodium hydroxide is pourgd 250 ml measuring flask and
make up to the volume to 250 ml by adding 100 mivafer. This solution is now standard
solution of sodium hydroxide of strength N/5.

Density:

The density or specific gravity of a liquid is defd as its mass per unit volume. We use
the term density at a given temperature; it mehasrelative density at that temperature
with respect to density of water. It is measurethwhe help of density bottle (fig 7.5).

Fig 7.5 Density bottle
Equivalent weight:

Equivalent weight of a substance is most commomtiindd as the number of parts by
weight of which combines or displaces 1.0078 pbhytsveight of hydrogen or 8 parts by
weight of oxygen.

This definition of equivalent weight though veryngile and covers most of the reactions,
but is very difficult to give such a definition @quivalent weight which covers all the
reactions. Equivalent weight varies with the typeeaaction. Therefore, a compound may
possess different equivalent weights in differeinéroical reactions and under different
experimental conditions.

The gram equivalent weight of a substance is tlhevabtent weight expressed in grams.

From the above discussion it is clear that the vedent weight of a compound can be
decided only after considering the reaction whiaimidergoes.

Equivalent weight of an acid is that weight of aridawhich contains one replaceable
hydrogen i.e., 1.0078 gm of hydrogen.
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melwtof acid

Eq wt. of an acid= :
no of replaceabis hydrogen atoms

Thus oxalic acid (COOH2H,0 is dibasic acid its equivalent weight will be

= Mol. Wt. of oxalic acid/basicity of oxalic acid

=166/2

=63

7. 7DATA ANALYSIS AND ERROR CALCULATON

If you have performed the experiment and obtaihedésults calculate the error. Compare

it with the exact one. Suppose in a particular érpent the surface tension of the supplied

liquid say benzene is obtained 27.90 dynes/cm %.2Bom standard table you know the

value of surface tension at®Dfor benzene is 28.88 dynes/cm. in this case ¢heeptage
28.85 2750

error will be ————— x100. =3.40 %
2B8.88

Types of errors:
Two main types of errors can affect the accuracy wfeasured quantity, these are

(a)Determinate and
(b)Indeterminate errors

Determinate errors — determinate errors are thusedre determinable and can be either
avoided or corrected. They may be constant, akdrncaise of uncelebrated weight that is
used in all weighings or may be variable but ofrsamature that they can be accounted for
any correction. The determinate errors can be géipelassified as

() Instrumental errors
(i) Operative errors
(i) Errors of the method

() Instrumental errors:

These errors are common to all instruments as eaehhas a limited accuracy. The
manufacturer of the instrument generally provides table quoting the reliability of the
results in the respective ranges. It should be kepmind that the calibration of the
instrument in one range may not be valid of tharemange. In the case of volumetric
analysis, the glass apparatus like burette, pigettemeasuring flask are calibrated. If the
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working temperature is different, the volume meadumnay be incorrect. The chemist has
to consider all these errors which may be introdudhéring experiments.

(i) Operative errors:

These include personal errors and can be reducedfmsrience and in case of the analyst
in the physical manipulations involved operatiomsvhich these errors may occur include
transfer of solutions, effervescence and bumpingndusample dissolution, incomplete

drying of samples etc. These are difficult to corf®r personal errors which may also be
introduced due to physical disability, like coloblindness which may make in correct

judgment of colour. Other personal errors includghramatical errors in calculations.

(iii) Errors of methods:

These are most serious errors of an analyst. Motieoerrors discussed above can be
minimized or corrected for, but the errors that areerent in the method can not be
changed unless the conditions of the determinatierchanged

(b) Indeterminate errors:

The second type of errors includes the determieatas, generally accidental or random
errors. They are revealed by small difference iocessive measurements made by the
same analyst under virtually identical conditioftiese errors cannot be predicted or
determined. These accidental errors will followaadom distribution, thus mathematical
law of probability can be applied to arrive at soooaclusion regarding the most probable
results of a series of some conclusion regardiegntiost probable results of a series of
measurements. To give a simple example, an analgds incorrectly, the instrument panel
reading in pH meter or spectrophotometer. He ndtsn this reading which is used in
calculations based on this reading. The errorndeen and each observation is isolated and
unique.

7.8 GRAPH PLOTTING

While plotting a graph, scale should be choserhabéntire picture is easily obtained from
the graph sheet. Both the axes should be cleadigated which is which. The scale on
both the axes should be mentioned in the grapht.slig®u have been asked to determine
some property by means of graph, then plot thgbgnty along x-axis as shown in fig 7.6.
suppose you have to determine the compositioneofyitben mixture of two liquids A and
B by viscosity measurements than plot the timda# falong y- axis and concentration of
A or B along x-axis as shown fig 7.6. A perpendicular is drawn from that point on the x-
axis, from which the composition of unknown solatican be read directly.
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Fig 7.6 Graph plotting

7.9 SAFETY PRACTICES

General: Never work in the laboratory alone. Avoid unneeegslames. Check the area
near you for volatile substances before lightirgumer.

Chemicals:

Handle every chemical with care. Avoid contact wsin and clothing. Wipe up spills
immediately, especially near the balances and rdagjeelf. Replace caps on bottles as
soon as possible. Do not use an organic solvemagh a chemical from the skin as this
may actually increase the rate of absorption ofdhemical through the skin. Avoid the
inhalation of organic vapours, particularly aroroaolvents and chlorinated solvents. Take
care in smelling chemicals and do not taste thel@sgrinstructed to do so.

Disposal of chemicals:

Small quantities of non hazardous water solublestsutzes can be flushed down and drain
with the large quantity of water. Hazardous wasien hazardous solid waste, organic
solvents and halogenated organic waste shoulddoeglin the four containers provided.
Fire:

Burning clothing: Prevent the person from running and fanning thedks Rolling the
person on the floor will help extinguing the flanaasd prevent inhalation of the flames. If
a safety shower is nearby hold the person understtmver until the flames are
extinguished and chemical washed away. Do not dse alanket if the shower is nearby.
Remove contaminated clothing. Wrap the personbfaaket to avoid shock. Get prompt
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medical attention. Be very careful using carbooxidie extinguisher (the person may
smother).

Burning reagents:

Extinguish all nearby burners and remove compitahbgerial and solvents.use a dry
chemical or carbondioxide fire extinguisher directd the base of the flame. Do not use
water.

Burns, either thermal or chemical:

Flush the burned area with water for at least 1Bubeis. Resume if pain returns. Wash off
chemicals with a mild detergent and water. No raizing chemicals. Creams, lotions or
salves be applied. If chemicals are spilled onragreon a large area quickly remove the
contaminated clothing while condor the safety shro@et prompt medical attention.
Chemicals in the eye:

Flush the eye with copious amount of water for libutes by placing the injured person
face up on the floor and pouring water in the opge. Hold the eye open to wash behind
the eyelids. After fifteen minutes of washing obtprompt medical attention.

Cuts: Minor cuts.

This type of cut is common in the laboratory andally arises from broken glass. Wash
the cut, remove any pieces of glass, and applyspredo stop the bleedings. Get medical
attention.

Major cuts:

If blood is spurting, place a pad directly on thewvd. Apply firm pressure, wrap the
injured to avoid shock, get immediate medical diten Never use a tourniquet.

Poisons:

Call the immediate emergency number, which is ndyni®8.

7.10 SUMMARY

Laboratory glassware refers to a variety of equiptynieaditionally made of glass, used for

scientific experiments and other work in scienceeially in chemistry. pipette, burette,

test tube, boiling tube, beaker, measuring flaskical flask, graduated cylinder, funnel

steam bath etc. are used in chemistry lab expetsn&or measuring fixed amount of a

liquid either pipette or burette (sometimes graddatylinders) are used. For titration

purposes conical flask is used it may be 100 n25% ml balance is used for weighing

purposes. For the measurement of heat of varioastioms, a thermos flask or a

calorimeter is used. The resistance of a condustoneasured by means of Wheatstone
bridge. Density can be measured with the helpeokdy bottle.
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UNIT 8: DETERMINATION OF SURFACE TENSION

CONTENTS:

8.1 Objective

8.2 Introduction

8.3 Organic liquid (alcohol)

8.4 Determination of composition of solvent mixture
8.5 Summary

8.1 OBJECTIVES

In this chapter students learn the following obyess.
» Objective of this chapter is to provide studentshwi concise and succinct detail on
the basic fundamentals of the surface tension.
Explain the use of stalagmometer and density bottle
Describe how to determine the surface tensionwargliquid.
Explain the determination of composition of solvamxkture.
Explain the precaution taken during experiment.

8.2 INTRODUCTION

“The force in dynes action on the surface of ahtrigngles to any line of unit length” As
we all know the surface of the liquid remains igtate of tension because the molecules
which are present in it are being constantly subptdo inward pull because of the
unbalanced forces.

Surface molecule
pulled inward

|
5 Interior molecule
pulled equally in

i / all directions

2

Fig 8.1 Surface tension is caused by the net inwaplll on the surface molecules

A molecular on the bulk is attracted from all sithesice net force on the molecule is new
but this is not the case for a molecule which isiaded at the surface. The surface
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molecules are pulled sideways by the surroundinpomtes. Since the sideway forces are
equal and opposite, fig 8.1 in magnitude so thaeycebeach other. But the inward pull is
there. Thus the tension at the surface is knowsudace tension.

The surface tension is represented by the symbsihce it is a force; its unit is dynes per
centimeter.

Apparatus: Stalagmometer, thermometer, density bottle,Huaabeaker etc.

When liquid is allowed to how through the stalgm&mnehenyaw. That is weight (w) of
liquid falling.

—"1
Al— Fill line =
< > o Surface tension
B ;; acts at outer
1] , Capillary circumference
L tube
mg
Sl

Fig 8.2 Stalagmometer

From a capillary tube held vertical, is approxinhafgroportional to surface tension of the
liquid. Hence if surface tensions of two liquids faeandy, and w and w be the mean
weights of their drops falling from the same cagill tube,

Then
Yaly2 = Walwp

the drop falls out from the capillary when its waidpecomes equal ta, where r is
radius of the capillary tube

Stalagmometer:

The instrument used for determining surface tensiorthe laboratory is known as
stalagmometer. It consists of a pipette with a l@yi outflow tube, the end of which is
flattened out. This is done to give a larger drgpsarface. The surface is carefully ground
flat and polished. There are two marks, one juswvalihe bulb and the other is just below
(x and y) fig 8.2 precautions while using stalagreten
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The stalagmometer should be carefully washed wisiolation of chromic acid and with
distilled water to remove grease like things. Hindl is washed with alcohol and dried.
The tip of the lower end should not come in contaith hand, desk or some other thing,
otherwise it will be contaminated with a trace oéa@se. Even slight traces of grease may
alter the size of the drops, hence their numbesoAhe stalagmometer should be held
vertical and not shaken, otherwise the drop will ¢t even before attaining maximum
size.

You must also keep in mind that the rate of flow tbé liquid through the tip of
stalagmometer should not be fast. It should be ab2118 drops per minute. If the rate of
flow is greater, then it can be decreased by atigch piece of rubber tubing with a screw
pinch cock to the open end and adjusting the presso that only 12-18 drops fall out per
minute.

Once this adjustment of pressure is done, it shbelkept unchanged during the whole
experiment.

The stalagmometer is washed with solution of cloatid, then with water and finally
with alcohol and dried. The rubber tubing with @&esc pinch cock on it is used to regulate
the flow of liquid by limiting the influx of flow bair.

Fill the stalagmometer with water dipping it in ealxer containing water and sucking till
the water rises above the mark x (fig 8.2). Nowdpithe level of water to mark x. open the
pinch cock and adjust it so that the rate of fldwdmps is about 12-18 drops per minute.
When this is adjusted, refill the stalagmometehwdistilled water as above and without
changing the pressure i.e. does not disturb thehpinck throughout the experiment. Then
start counting number of drops when meniscus pabsegpper mark x and stop when it
just crosses the lower mark y. repeat the proce8hdréimes.

Now remove the rubber tubing from the stalagmomeit®f rinse it with the experimental
liquid. Now fill the stalagmometer with the liquiddjust the pinch cock again so that 12-
18 drops fallout per minute and count the numbaedrops for the flow of liquid from x to
y. Repeat the process 3-4 times.

8.3 EXERCISE (ORGANIC LIQUID, ALCOHOL)

Object: To determine the surface tension of the givemidig(alcohol) by drop weight
method

Method: The liquid whose surface tension is to be deteenhits sucked from the rubber
tubing above the mark x and number of drops areteasuwhen the liquid level moves
from x to y. suppose the volume of the liquid frarto y is V and number of drops formed
in this volume V are n then volume of one drop Ww# V/n and weight of one drop W

%x d; where d is density of the liquid.

The same procedure is adopted for water. In caseatdr if in the volume V i.e. when
water level moves from x to y ibmumber of drops are formed and density of watek if

then weight of one drop of water will bezwi d;
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Hence W/W; = v1ly, = VIn.di/V/Ina.ch
= n2d1/n1d2

aldl
nld2 T2

This is the formula used for calculating surfagesten of a liquid. The density of the liquid
and water are measured by density bottle gngurface tension of water is taken from
standard table.

Determination of density:

Density of a liquid is mass per unit volume. ltmgasured by using density bottle (fig 8.3).
For measuring density of a liquid the density leoil washed with chromic acid solution
and then with distilled water and finally with aled. It is then dried. The density bottle is
then weighed. It is then filled with distilled watend again weighed. It is then emptied of
water, washed with alcohol and dried. The densulé is then filled with experimental
liquid and weighed again.

Observations:

Room temperature2@

Weight of empty density bottle=,vgm

Weight of density bottle and water = gm

Weight of density bottle and liquid=awgm

Soyi=

S. No. liquid no of | Mean
drops value
1 1
water 2 1=n
3
1
2 Liquid 2 p=1|
3

Calculations:
Density of liquid(d,) Weitht of liquid
density of water (d,) Weight of water

Hence surface tension of liquid

_n,d.
Y2~ z 11

Surface tension of water can be had from standsdolée .t
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Result: The surface tension of the given liquid is dynesat £C.
Precautions:
1. The stalagmometer should be washed properlyetitomic acid
water and finally with alcohol
2. The stalagmometer should be held vertically.
3. The tip of the stalagmometer should not commmtact with hands or working table.
4. The drops should be allowed to fall off froralagmometer tip under their own weight
and should not be pushed away by kinetic flow.
5. The rate of flow of liquid be 12-18 drops péanute.

8.4 EXERCISE (DETERMINATION OF COMPOSITION OF
SOLVENT MIXTURE)

Object: To determine the composition of the given mixtoféwo components A and B.
Apparatus: Stalagmometer, thermometer, balance density botiigkers etc.

Theory:

A number of solutions of A and B are prepared. $8ppwe have to determine the
composition of sucrose solution. Then prepare sgcewlution of different concentration
say 10 gm of sucrose and 90 gm water i.e. 10% afose solution, 20 gm of sucrose and
80 gm of water i.e. 20% of sucrose solution andisoNow number of drops in each is
determined as usual. A graph is then plotted beatweeof drops (or surface tension) and
concentration of one liquid say water (A). the nembf drops of the unknown mixture is
also determined. It's composition can be determineah the graph.

Procedure: Prepare 5%, 10%, 15%, 20%, 25%, 30% mixture of cmgcrin water in
beakers. Wash the stalagmometer with chronic adigtien. Then with water and finally
with alcohol and dried. Attach a small piece ofacieubber tube to the upper end of the
stalagmometer. The rubber tubing with a screw poutk on it is used to regulate the flow
of liquid, by limiting the flux of air.

Now fill the stalagmomete with say first with 5%lgtion of sucrose by dipping it in a
beaker containing the 5% solution and suckingh# solution rises above the mark x. now
bring the level of solution to the x. open the pimock and adjust it so that the rate of flow
of drops is about 12-18 drops per minute. When #djusted, refill the stagmometer with
5% solution without changing the pressure. Nowtstaunting the drops when meniscus
passes from the upper mark x and stop when itcustses the lower mark y. Repeat this
process for 5% solution 3-4 times.

Now the rubber tubing is removed from the stalagmt@r and rinse with 10% solution.
Now repeat the process you have followed for 5%tsmi. Apply the same procedure for
all the solutions prepared above and count the eurob drops for each solution. The
number of drops of unknown solution is also counted

Observation:

Room temperature 2@
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SI. Composition of Mixture water B No of drops
No Sucrose (A)

1 5% 95%

2 10% 90%

3 15% 85%

4 20% 80%

5 25% 75%

6 30% 70%

Table 8.1

Calculations: Plot of a graph between composition of sucroseXAaxis) and number of
drops Y-axix. The point corresponding to the numddedtrops of the unknown composition
is found. From that point draw a perpendicular lus ¢composition axis, the value will give
the required concentration.

Result: The percentage composition of the given mixture  of A (in this case sucrose)
and % of B (water).

Precautions:l. The stalagmometer should be washed properlyahitbmic acid water and
finally with alcohol

2. The stalagmometer should be held vertically.

3. The tip of the stalagmometer should not commmtact with hands or working table.

4. The drops should be allowed to fall off froralaggmometer tip under their own weight
and should not be pushed away by kinetic flow.

5. The rate of flow of liquid be 12-18 drops péanute.

Viva voce

1.Define surface tension?

2.Unit of surface tension?

3.What is the effect of temperature on surfaceioer?s

4 Why stalagmometer should be kept vertical dutiregexperiment?

5.What is the relation between surface tensionitedmolecular attractional forces?
6.How density of a liquid is measured?
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UNIT 9: DETERMINATION OF VISCOSITY

CONTENTS:

9.1 Objectives

9.2 Introduction

9.3 Cane sugar solution or Glycerol (more than 5%)

9.4 Detergent /Determination of CMS (Critical mleatoncentration)
9.5 Summary

9.1 OBJECTIVES

In this chapter students will learn the followinigjectives.
» Objective of this chapter is to provide studentthve concise and succinct detail on
the basic fundamentals of the viscosity.
» Explain the use of Ostwald’s viscometer and priakip
» Describe how to determine the viscosity of giveuild like cane sugar solution .
» Determine the composition of the given mixture cstirsg of two liquids A & B
by viscometer.
*Explain the various precautions taken during expeni.

9.2 INTRODUCTION

Some liquids like water, alcohol move very fast, tbe other hand liquids like honey,
glycerol etc move very slowly. The property of thguid which determines its flow is

termed as viscosity. Thus we can say that viscasigyproperty of liquid which retards its
flow.

When temperature is applied to the liquid its imtelecular attractions forces are
weakened, because kinetic energy of molecules asese As viscosity depends on
intermolecular forces, hence by the applicatioreaiperature viscosity decreases.

The unit of viscosity is poise. Scientist PoiseyilWwho did pioneer work in the field of
viscosity, to honour him unit of viscosity is paisemaller unit of viscosity are centipoise
and millpoise. Viscosity is representedna®ita).

Coefficient of viscosity:

If a liquid is allowed to flow on a surface eaclyda moves parallel to its adjacent layer
without intermixing. The unparallel flow of layeis called turbulent flow. In the laminar
flow the force F required to maintain a steady atéhce v between velocities of two
adjacent layers is directly proportional to v, aréa A of the surface of contact of two
layer and inversely proportional to distance x leswthem. Hence
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F occA.vix

or F=n Av/x

Heren is called coefficient of viscosity of the liquilA= 1 sq. cm., v=1 cm/sec and x=1
cm then FR. Hencen is defined as the force necessary to maintainacig difference of
unity between two adjacent parallel layers of liquone cm apart and having area of
surface of contact unity.

The pressure p at any instant driving the liquidcoéfficient of viscosityy through the
capillary tube depends upon the difference of hight h, in the levels of liquid in the two
limbs, the density d and the gravitational force g.

that is pec hdg
from equation 9.1
n«p.t

~ m o hdgt

If 11 andn be the viscosities of the two liquids under stadgl d and @ be their
respective densities andand ¢ be the respective time of flow the same volume

Thennl o g1d1t1

Andn; x gt tr
Since same apparatus is used for both the liquids

# dt
NPt g3
Mz Gt

Thus by determining the densities and the timeloi fof the two liquids, the
coefficient of viscosity of one of them can be Basalculated, provided the coefficient of
viscosity of the other liquid is known.

Description of the apparatus:

Ostwald’s viscometer:The apparatus generally used for the determinafi@oefficient

of the viscosity of liquid is known as Ostwald’seometer as it was designed by Ostwald.
It is shown in fig 9.1.
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Jo Suck «

Fig 9.1 Ostwald's viscometer

The viscometer consists of a capillary tube coretket its upper part with a bulb A and at
its lower part with a wider U-tube provided withhalb B. Two marks x and y are etched
on the capillary tube above and below the bulb A.

Cleaning of viscometer:

The viscometer should be cleaned thoroughly so tihete are no obstructions in the
capillary tube. It must be free from any greasyerat. The viscometer is cleaned with
chromic acid by filling with the acid which is pra@d by reaction between potassium
chromate and concentrated sulphuric acid.

The acid solution is kept in the viscometer for sohours. It is washed with water then
with alcohol. It is then dried.

Density of the liquid is measured with the helpdeinsity bottle. Density of the
liquid is mass per unit volume. The density at @egitemperature means the relative
density at that temperature with respect to thesiteof water. For all practical purposes,
the density of water is taken to be unity at athiperatures.

9.3 EXERCISE CANE SUGAR SOLUTION OR  GLYCEROL
(MORE THAN 5%)

Object: To determine viscosity of the given liquid (say easugar solution) at room
temperature.

Apparatus: Viscometer, unknown liquid, stop watch, distilldter, density bottle, pipette
etc.

Formula used:n, = (dt; /dy tw) Nw
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Wheren, dt, are coefficient of viscosity, density and time fdw respectively of the
experimental liquid ang., dy and {, are coefficient of viscosity, density and timeflofv
respectively of water.

Procedure: Clean the viscometer with chromic acid then wagth wistilled water. It is
finally washed with alcohol and then dried. A sci#nt volume of distilled water is
introduced by pipette in bulb B so that bend-partd tube and half or little more than half
of bulb B are filled up. Now suck up water untitisges above the mark x above the bulb A.
Now bring water to touch the mark x and hold itréhby placing your index finger at the
top of the narrow limb. Remove your finger and tsthe stop watch. Stop it as soon as
water touches the mark y. Repeat this processifidstand take the mean value. The
viscometer is kept in a thermostat for 10-15 misutefore the mean value, so that the
contents acquire the room temperature.

Now remove water from the viscometer and dryritrdduce in bulb B some cane sugar
solution and rinse the viscometer. Now fill thecameter with the experimental liquid and

keep it also in the thermostat for 10-15 minutestret cane sugar solution attains room
temperature. Note the time during the flow of solutbetween the marks x and y. Repeat
the process 3-4 times and take the mean value.

Wash the density bottle and dry it. First weighgmpty. Then fill it with water and finally
with cane sugar solution and weight it both theeSmNote the room temperature, by
recording the temperature of water in the thermosta

Observations:
1.Room temperature £ t
2.Time of flow between x and y

SI No. Water Cane sugar solution
Time of flow mean Time of flow Mean
1
2 tw ¢
3
4

9.3 Density of cane sugar solution and water.

Weight of empty density bottle =;ygm
Weight of density + water =xgm
Weight of density bottle + cane sugar solutionvsgm
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Calculation: Weight of water =xaw; gm
Weight of cane sugar solution=zw; gm
Density of glycol = weight of glycol/weight of wate density of water g
= weight of glycol/weight of water = (3awy) /(wz-w1)
As density of water gd=1
Coefficient of viscosity of glycol
ni = (d t) / (dy tw) nw

Now the viscosity of watert, at PC from standard table, and substitute in the above
expression, the value gf is calculated.

Result:The coefficient of viscosity of the given liquid &€ is poise.

Precautions:

1. Viscosity must be kept in vertical position.

2.Some volume of water and glycol should be takethé viscometer.

3. Observe accurately when the meniscus of glycolwatér just passing the upper and
lower marks (x and y).

4. Before performing the experiment viscometer shdaddproperly cleaned as described
before.

9.4 EXERCISE

Object: To determine the composition of the given mixtaoasisting of two liquids A &

B by viscometer.

Apparatus: Ostwald viscometer, density bottle, thermostagriftometer, stop watch,
beakers etc.

Theory: By plotting the values of time of flow of soluti@gainst their concentrations, we
get a curve from which the concentrate of unknoalntgn is determined.

Procedure:The viscometer is thoroughly cleaned so that tla@eeno obstructions in the
capillary tube. It must be free from any greasyariat. The viscometer is first cleaned by
first keeping it filled with a solution of chromiacid, which is prepared by the reaction
between potassium dichromate and sulphuric acidsdme hours. It is then washed with
distilled water and finally with alcohol. It is thelried.

Now prepare a number of solutions by mixing the tiguids A and B in different
proportions. The solutions are made up with 90%%800%, 60%, 50%, 40%, 30%, 20%,
10% of A by volume. (90 ml of A and 10 ml of B imst case, 80 ml of A and 20 ml of B
in the second case and so on.) The time of floweath solution noted by means of
Ostwald’s viscometer, by allowing the solution limAf from x-mark to y- mark. Repeat this
process 3 & 4 times and take the mean value. Befatiag the time, the viscometer is kept
in a thermostat for 10.to15 minutes, so that th&erats acquire the room temperature. The
time of flow for the unknown solution is also meilj as usual.
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If we are to calculate the viscosity of the liquithen the density of each solution and that
of unknown solution is also determined.

Observations: Room temperature =%C

SI. No. Percentage of components Time of flow inc®
A B
1 90 10
2 80 20
3 70 30
4 60 40
5 50 50
6 40 60
7 30 70
8 20 80
9 10 90
10 Unknown
solution
. fratee
- ® : ~ﬁﬂ' e
v S e -
e st 2E e
b e

' FigZ%trength of unknown solution
Conclusions:

A curve is plotted between the concentration of component say A and time of flow in
seconds. You will see that a straight line is ot#di (fig 9.2). The composition of

unknown solution is calculated by locating and nragkthe point on the straight line
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corresponding to its measured time of flow. A pedieular is drawn from that point on
the concentration axis, from which the compositmfhunknown solution can be read
directly.
Result: The composition of given mixture is ........ % of Aand....% of B
Precautions:
Viscosity must be kept in vertical position.
5.Same volume of liquids should be taken in the viseter.
6.0bserve accurately when the meniscus just padsengpper and lower marks (x and y).
7. Before performing the experiment viscometer shcaddproperly cleaned as described
before.
Viva—Voce

1.Define the term coefficient?

2.What is the unit of coefficient of viscosity?

3.Why relative viscosity has no unit?

4.What is the effect of temperature on coefficientiscosity? If decreases why?
5.Why unit of viscosity is poise?
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UNIT 10: pH MEASUREMENT

CONTENTS:

10.1 Objectives

10.2 Introduction

10.3 Measurement of pH of simple solution (aq. ®iracid/ strong base or weak acid /
weak base at different dilution)

10.4 Summary

10.1 OBJECTIVES

In this chapter students learn the following ohjess.

» Objective of this chapter is to provide studentshwi concise and succinct  detail
on the basic fundamentals of the pH.

Explain the methods of determination of pH.

Explain the use of various indicators.

Describe how to measurement the pH of simple soiuiq. Strong acid/ strong base
or weak acid / weak base at different dilution).

Explain the various precautions taken during expenit.

10.2 INTRODUCTION

pH value

Sorenson (1909) expressed the hydrogen ion comatemtin solution in term of a number
called pH which can be defined as the logarithm re€iprocal of hydrogen ion
concentration.

Mathematically it can be expressed,

1

pH = Iog_o% = logio

Ch+
=-logo[ H *]=-10g10 G*
For pure water
bO = H+OH

lonic product of water K= Cy".Con
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At25°C Kw=10"
So Gy =Coy =10"gm. lon /litre

And pH = -logel0’ =7

H* =10 10 10° 10° 10 10° 10° 107 10® 10° 10% 10" 10%2 10" 10™
pH =0 1 2 3 45 6 7 8 9 10 1m2 13 14

) acidic solution > neutra¢| alkalisaution >
Hence

For neutral solutioniC= 10" and pH = 7
For acidic solution:¢C > 10" and pH > 7
For alkaline solution: CH 107 and pH< 7

Methods of determining pH
To determine pH value you can use the folhganethods:

(1) Conductivity method

(2) Potentiometric method

(3) Catalytic method

(4) Calorimetric method

(5) E.M.F. method

Before determining the pH value of a given solutiynany method you should have some
knowledge of buffer solutions. The solution whistcapable of opposing any change in its
pH caused by addition of acid, alkali or water with certain limit are defined as buffer
solutions or in other words buffer possesses resacidity or alkalinity.

Buffer solution generally consist of a weak acid ame of its salt or weak base and one of
its salts, There are few cases of buffer whichcm@posed of strong acid and one of its
salt, such as HCI + KCI . The resistance offeredbtsffer solution against change in its pH
is called buffer action.

Buffer solutions can be obtained by mixing fixedamt of weak acid and one of its salt
from pH value one to ten.

The pH of a buffer solution is controlled by théoaof salt to acid or base. Hence buffer of
different pH values can be prepared by varying thiso. In this regard the following
equations are of great importance.

(a)Buffer composed of weak base and its salt:-

pH= pKa + logip =

conc of acid
Where K is dissociation constant of weak acid.
(b) Buffer composed of weak base and its salt :-
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pH= PRy — pKo = logio 2=~

Where K, is ionic product of water andp,Ks dissociation constant of weak base.

For example if 4.7 ml N/5 HCl is added to 25 m M5l and the mixture is diluted to 100
ml, pH of the solution will be one, Similarly if agl part of M/40 NaHC@and M/40
NaCO; are mixed its pH will be ten.

Universal indicator: It consists of a mixture of indicators which gdbsough a series of
colour change with pH and thus helps in selectimgappropriate indicator for determining
pH of a solution by indicator method, it tells apxmate value of pH.

Calorimetric method:

The method is based on the fact that indicator ghsiits colour according to pH of the
solution been in which it had been added. Henme fthe color variation of indicator in a
given solution , the pH can be determined.

This method employs a number of buffer solutiokrdwn pH and a suitable indicators.

At first the approximate value of pH of the givesiugion is determined with the universal
indicator which is a mixture of several indicatbosselect approximate indicator. Then a
definite amount pf appropriate indicator is addedatcertain volume of the test solution
and a colour is developed which is solution thentchmed against the shades produced by
the same amount of the same indicator added irsdahee volume of a series of suitable
chosen buffer solution of known pH. The bufferusmn which gives the same shade as
the test solution has the same pH.

For more accurate pH determination ( within 0.8.tb unit )indicators of short working pH
ranges are prepared so as to produce more distolotr changes .the pH ranges of
indicators which are generally used in pH detertmmacan be known from the following
tables :

Indicator piange Colour —ahge
Metacrisol purple 1.282. red tolygel
Methyl violet 0-3.2 yelloavviolet
Methyl orange 3.1.4 red taoge
Bromophenol blue 3.6-4.6 yellow taukl
Methyl red 4.8.3 recdytlow
Bromocresol green 40-5.6 yellow taukel
Phenol red 6.8.4 yelloavred
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Phenolphthlien 8.26-0 colorlesgink

10.3 EXERCISE (MEASUREMENT OF PH OF SIMPLE
SOLUTION (AQ. STRONG ACID/ STRONG BASE OR WEAK
ACID / WEAK BASE AT DIFFERENT DILUTION)

Object- To determine the pH of the given solution by irdic method (using buffer
solutions of known pH).
Apparatus used: Test tube, indicators, pipette, burette, Testsubtc.

Procedure:

To a small portion of the test solution, add a tiaps (5 drops) of the universal indicator
and observe the color change. Then by referringh® colour chart and find the
approximate value of pH of the solution.

Let the pH as indicated by the universal indicdites within 3.2 and 4.5 then to find out
the correct pH value, you must select an apprapiirdicator having short working pH

range including the pH limit ie, 3.1 to 4.5. Frohetinspection of the table, the suitable
indicator will be methyl orange.

Prepare a series of buffer solutions (of knownwvattie differing by .1 unit covering the
pH range 3.1 to 4.5) by mixing a salt and a weall éar a weak base) in a definite ratio
which can be calculated by the equation describéice

Now arrange ten or more test tubes of same dimessn a rack. Place in each of these in
turn 5 ml of buffer solution of definite value ofpvalue, ie, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7,
3.8,3.9,4.0,4.1, 4.2, 4.3, 4.4, 4.5. Mark thevalte on the test tubes. To each test tube,
add .5 ml of methyl orange solution. Observe tHéedint shades of colour from red to
orange.

Now 5 ml of test solution in a test tube of sarhepe and size and 5 ml of same indicator
(methyl orange). The color produced in the testitsmh is then matched with the colours
produced in buffer solutions. When complete matHound, the test solution and the
corresponding buffer solution have the same pHoMplete match is not found, but the
colour lies between those of two successive stahdatours then pH value will lie
between those two standards.

Precautions:
1. While preparing buffer solutions of differet pthere should be correct weighing.

2. Measurement of volume should be proper
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3. If pH meter is used it should be first standaed by taking a buffer of known pH.
VIVA—VOCE

1. Define pH.

2.  What are buffer solutions?

3. How buffer solution maintains their pH value,

4. Why water is said to be neutral?

5. What is the equation relating hydrogen ioncamtration and Ph.?
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UNIT 11: THERMOCHEMISTRY

CONTENTS:

11.1 Objectives

11.2 Introduction

11.3 Heat capacity

11.4 Enthalpy of solution

11.5 Enthalpy of neutralization for weak acid wsthong base or weak base with strong
acid Enthalpy of ionization

11.6 Summary

11.1 OBJECTIVES

In this chapter students learn the following objexs.
» Explain basic principle of thermochemistry.
» Describe the experiment related to heat capacigsomement.
» Explain the experiment related to measurement ibfadpy of solution.
» Explain the enthalpy of neutralization for weakdawiith strong base or weak base
with strong acid Enthalpy of ionization.
» Explain the various precautions taken during expenit.

11.2 INTRODUCTION

Thermochemistry is the branch of physical chemisthich deals with the heat
changed by chemical reaction.

Internal energy:
Every substance has a definite amount of energyasvn as internal energy E. its exact
value cannot be determined, but the change innateenergy,AE, can be accurately

measured experimentally.

AE = Byroducts— Breactants= Ep - Er
When AE is positive, the reaction is endothermic and wh&nis negative reaction is
exothermic.
The energy changes are usually expressed in cdtmigkilo calorie (1 kcal = 1000 cal),
Joule (J) and kilojoule.
The change in internal energy (E) is the heat chawgompanying a chemical reaction at
constant volume.
The enthalpy of a system is defined as the sunmtefrial energy and the product of its
pressure and volume.
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Thus H= E+PVIt is also called heat content.

Heat capacity of a system is the heat absorbedhltymass in raising its temperature by
one degree at a specific temperature.

Molar heat capacity of a system is defined as theumt of heat required to raise the
temperature of one mole of the substance (systgraphé degree.

11.3 EXERCISE: TO DETERMINE WATER EQUIVALENT OF
CALORIMETER

A Calorimeter or a thermos flask:

For the measurement of heat of various reactioescan suitably use a thermos flask or a
calorimeter. A calorimeter is suitable for genegaperiments with solutions. It may be
constructed by loosely packing the space betweenlavwge boiling tubes or two beakers
with cotton wool. Though the modern vacuum flask heerit of very good insulation, but
the narrowed neck of the ordinary thermos type gmé&s/the use of an efficient stirrer, and
if mixing is done by shaking, the water equivaleetomes large and quite indefinite in
value.

The water equivalent or heat capacity of a calommes defined s the number of calories
required to heat the calorimeter bCL If M is the mass of the calorimeter and S be its
specific heat then MS will be the water equivalgthe calorimeter.

An unsilvered, straight sided Dewar flask is shownfig 11.1. It avoids the serious
diadvantage without serious loss of heat insulatitmtransparency is quite invaluable in
experiments on heat of solution etc. the vessalldhoe closed with a coak or rubber cock,
groved for the stirrer S, and carrying a shortwialee t, through which passes an accurate
thermometer T having accuracy of .The thermometer is supported externally by a
retort clamp.

Fig 11.1 Devar flask
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The tube t should be stoppered with a plug of cottmol and serves as inlet for the
introduction of liquids or solids into the caloritee The stirrer S should be quite efficient
and may be formed of bent copper or silver wisb@ws in the figure. A sleeve of stout
rubber or ebonite tubing n serves as a heat insgléandle. The empty glass beaker B
placed as a shield round the calorimeter usualfyraves the regularity of the temperature
observations.

Apparatus: Calorimeter, thermometer, stirrer, water heatgetpe, burette, beaker

Theory: During the heat changes, the calorimeter will aid@® up some of heat evolved,
which should be taken into account by taking intwaant by determining the water
equivalent or heat capacity of the calorimeter.

If M is the mass of calorimeter and S the spediiat then water equivalent of calorimeter
will be MS.

Procedure:

Take 25 ml of distilled water in the calorimetedarcord its temperature accurately to its
nearest 04 now heat 50-60 ml of water in a separate beakartemperature about 25%35
higher than the room temperature. Now pipette aBéutnl of the hot water and add it to
another beaker and read its temperature. Add thisMater quickly to the water in the
calorimeter stir the contents well with stirrer. ed®l the highest temperature, upto an
accuracy of 0dattained immediately after mixing.

Observations:

Volume of cold water taken = Mnl.
Volume of hot water mixed= Mml.
Initial temperature of water F4C
Temperature of hot waters’ 1C
Temperature of the mixed solutiong €

Calculations:

Heat taken by calorimeter and water = (WgMs-t;) cal.
Here W is water equivalent of calorimeter.

Specific gravity of water is taken as unity (S=1)

Heat given by the hot water =,Nt.-t3) cal.

Heat taken up = Heat given out

(W+Ma)(tz-t1) = M2 (to-t3)

w (tg-tl) + My (ts-tl) =M, (tz-t3)

W (tz-11) = M2 (t2-t3) - My (ta-t1)

So W= [le (tz-t3) - Ml (t3-t1)]/ (t3—t1)
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Since i, t, t3, M; and My, are known; hence water equivalent of calorimetm be
calculated.

Result: Water equivalent of calorimeter =
Precautions:

1. Hot water must be added to cold water and thainwoediately.

2. The temperature should be accurately recorded.

3. The calorimeter should be completely insulated.

4. The glass should be of high quality and so traresgathat temperature can be easily
read.

Exercise — 2

Object: To find out heat of dilution of sulphuric acid

Apparatus: calorimeter, thermometer, stirrer, beaker, pipgtteand 25 ml water heater
etc.

Theory: we know during the heat changes, calorimeteralglb take up some heat, known
as water equivalent of calorimeter. This heat nalst be taken into account. If M is mass
of the calorimeter and S be its specific heat, ftewater equivalent is MS.

Procedure:

Now take 25 ml of distilled water in the calorimetand note down its temperature
to the nearest °C, now pipette out exactly known quantity say 5ahsulphuric acid of
known strength. Now pour this acid in the caloriengby holding the tip of the pipette
below the water surface and stir the contents ef dhlorimeter with the pipette itself.
Continue stirring and note the temperature. Nownm&the maximum temperature attained.

11.4 EXERCISE (ENTHALPY OF SOLUTION)

Object: To determine enthalpy of solution of the givenstahce

Apparatus: Calorimeter thermometer, stirrer, beaker, burgiigette, water heater etc.
Theory: The quantity of heat absorbed or evolved whengraen molecule of a substance
is dissolved in a large excess of water or solvemtthat further dilution does not produce
any more heat change, is known as heat of solution.

It is most important in expressing the heat of Boluto state the exact condition of the
solid substance, i.e., it contains water of cryist@ion or not. The heat of solution is often
quite different in the two cases.
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Procedure: Take 25 ml. of distilled water in the calorimetand record its temperature
estimating it to the nearest 81 Now heat some water in a separate beaker to a
temperature about 250-3Bigher than the room temperature. Now pipette2sutl. of hot
water and add it to another beaker and read itpeemure. Add this hot water quickly to
the water in the calorimeter. Stir the contentslweth a stirrer. Read the highest
temperature upto an accuracy ofDdttained immediately after mixing.
Now take 200 ml. of distilled water in the calorime Record its temperature. Now add a
known quantity of the given substance, say KCI. disdolve it in the water present in the
calorimeter, by means of a stirrer. Note the fitehperature. Now repeat the above
procedure by taking more quantity of substancesaodlie it in the water present in the
calorimeter. If initially 1 gm of KCI was dissolved water, now take 1.5 gm of KCI. Note
the final temperature this time also.
Observations:

For water equivalent

Volume of water taken =pMml.

Initial temperature of watersiC

Volume of hot water taken= jnl

Temperature of hot waters’€

Final temperature of mixingz’C

For heat of solution:

Volume of water taken =ml
Initial temperature of water 3°C
Amount of substance dissolved= \m.
Final temperature after mixing the substanc&e t
Calculations:
1. For water equivalent of calorimeter
Heat taken by calorimeter and cold water
= (W+M1) (tg-tl) cal.
W is water equivalent of calorimeter, specific gtaof water is taken as

unity (s=1).

Heat given by hot water

= M (toty)

So (W+M) (tz-t1) = M2 (t2-t3)
Sow = [y g —tgd— M, (eg—t, )]

2. For heat of solution:
Heat absorbed by the solution after adding thatsmise

(M + W, )t — 1)
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Heat absorbed by the substance per litre

(Mg + Wit — t)x1000
M
= Q cal. (suppose)

If M is molecular weight of the substance, theathef solution is then given b= cal.

per litre.
Result: The enthalpy of solution of the given substanoak

Precautions:

1. The temperature should be accurately recorded.

2. The hot water must be added to cold water aadttio immediately.

3. The calorimeter should be completely insulated.
4. The glass should be of high quantity and scsfrarent that the temperature can
be read easily.

11.5 EXERCISE (ENTHALPY OF NEUTRALIZATION FOR
WEAK ACID WITH STRONG BASE OR WEAK BASE WITH
STRONG ACID ENTHALPY OF IONIZATION)

Object: To determine enthalpy of neutralisation of a weekl &y strong base. (Suppose
weak acid acetic acid is being neutralised by stifmase sodium hydroxide).

Apparatus used: Calorimeter, thermometer, beakers, stirrer, piditirette,water heater
etc.

Theory:

The enthalpy of neutralisation is the quantity edhevolved when one gram equivalent of
an acid is neutralised by one gram equivalent lbhse. When any strong acid in dilute
solution is neutralised by any strong base in dilgolution of about the same
concentration, the heat evolved is practically astant quantity for strong acids and bases
this quantity is 13,700 cal. this can be explaimethe following way.

Strong acids and strong bases in dilute solutienadgmost completely ionized and
the salt formed by their union is also complet@gised. So neutralization of strong acid
say HCI by strong base say NaOH can be expresded following way
HCI + NaOH = NaCl + KO + 13700 cal

orH™+CI + Na + OH = Na" + CI + H,0O + 13700 cal

orH" + OH = H,O + 13700 cal

So heat of neutralization of strong acid with strdrmase is nothing but heat of
formation of water from Hions and OHions. Here one gram equivalent of hydrogen ions
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combine with one gram equivalent of hydrogen iars] hence heat evolved is always
13700 cal.

The enthalpy of neutralization of weak acids byrsir bases or strong acids by
weak bases is less than 13700 cal. Weak acids ai bases are not completely ionised. In
case of neutralization of weak acid by strong bésey CHCOOH by NaOH), the
incompletely ionised acid (GE&OOH) has to become ionised before the hydrogercaon
combine with the hydrogen ion. The ionization of theak acid usually takes place with
absorption of heat and the heat change due toatoizoccurring during the reaction adds
algebraically to 13700 cal.

In the neutralisation of acitic acid by sodium hyxide we have the following
initial condition on mixing the two solutions

NaOH + CHCOOH
Na" + OH + (1-a) CHsCOOH +a H" +a (CH;COO).

Henceua is the degree of ionization of acetic acid.

As sodium acetate is completely ionized in the tamf the reaction yields Nar
CHCOO + H,0

So enthalpy of neutralization of weak acid andrsirbase will be less than 13700
cal.

Procedure:

Take 25 ml of distilled water in the calorimeter.......

Now prepare extract 1Msolution of acetic acid aadism hydroxide. Note down
their initial temperature .Now take 100ml of 1Msmn of acetic acid in the calorimeter
and add 100ml of 1Msolution of NaOH to it. Still lweand record the maximum
temperature after mixing .If the mixture of acedimid and sodium hydroxide are not exact
1Mthen it will be very difficult to calculate heat neutralization, if the M of acetic acid is
more than 1M then after reacting with sodium hyéfexsome acid will be there after
addition in the calorimeter. Similarly if sodiumdrgxide is stronger than 1Msome alkali
will be left unreacted and the mixture in the calater will be alkaline even after reaction
.So whether it is acetic acid or sodium hydroxiae $olution should be exactlylM.

Observations:

1.For water equivalent :

2.Volume of (cold )water taken =Ml
Initial temperature of water 5Q
Volume of hot water =Ml
Temperature of hot water Aa

Final temperature after mixing €
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3.For heat of neutralization

Volume of 1M CH3COOH = gml

Volume of 1M NaOH = gml at

Initial temperature of either CH3COOH or NaOH,€ t

Final temperature after addition of GEOOH and NaOH =t
4.Calculation:

For water equivalent calorimeter
(1)Heat taken up by calorimeter and water =( WXMHt;) cal.

Here W is water equivalent of calorimeter.

Heat given out by hot water =)M,-t3)

As heat given out = heat taken up

(W+My) (tz-t1) = Ma(t2-t3)

So W = (M(ta-ts)-M(ts-t1))/(ta-t1)

For heat of neutralization:
Rise in temperature after mixing 100m 1MNaOH in10Qiv NaOH in 100ml 1M
CH3COOH

= (t5-t4)C

Heat given out by the above solution

= (M3+M4+W)(t5-t4)

= Q cal.(say) (Since every term is knowna@ be calculated )

Hence molar heat of neutralization

= Qx1 mole/0.1 cal.

= Qx10 cal.
Result:  Molar enthalpy of neutralization of weak acidHfLOOH) and strong base
(NaOH) is .............. cal.

Precautions:

1.Hot water must be added to cold water and tleainmediately.

2.The temperature should be accurately recorded.

3.The calorimeter should be completely insulated.

4.The glass should be of high quality and so traresgt that temperature can be easily read.

For preparing 1M solution of acetic acid and 1Musioh of sodium hydroxide you
will have to proceed as follows. Prepare a solutibacetic acid of approximately 1.5M in
250ml flask. To determine its strength you will baw titrate it against sodium hydroxide,
which is standardized by titrating it against stmadsolution of oxalic acid. Standard
solution of oxalic acid is prepared weighing certaimount and dissolving it in fixed
guantity of solvent. Once strength of NaOH has baéstermined it can be used as titrate
against acetic acid
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Exercise:
Exercise-4

Object: To determine enthalpy of ionization of weak addy( acetic acid).

The enthalpy of neutralization of weak acid by strdase or strong acid by weak
base is less than 13700 cal.Weakacid or weak basech completely ionized. In case of
neutralization of weak acid by strong base (say CBAH by NaOH ), the incompletely
ionized acid (CHCOOH)has to become ionized before the hydrogerancombine with
the hydroxyl ion . The ionization of the weak aaglally takes place an absorption of heat,
and the heat change due to ionization occurringnduhe reaction adds algebraically to
13700 cal.

In the neutralization of acetic acid by sodium loxide we have the following
initial condition, onmixing two solutions

NaOH +CHCOOH

Na" + OH + (1o ) CHsCOOH +aH" +a(CH;COOH).

Herea is degree of ionisation of acetic acid.

Assodium acetate is completely ionized in the sofytreaction yields

Na" + CHCOO + H,0

So in the reaction mixture following process occur:

(1-o) gram molecule of acetic acid ionized and if Hie enthalpy of ionization of
acetic acid per gram molecule, theruflH is the heat change due to ionisation.

One gram equivalent of hydrogen ion combine witlke ajram equivalent of
hydroxyl ion giving heat of evolution of 13700 cal.

The algebraic sum of the above two quantities &t loé neutralization measured,
say H1.

That means #H=(1-a )H +13700

H =gH13,700)/(1e)

Here H is negative quantity that means ionizatibagetic acid is accompanied by

absorption of heat .Hence the value gfwill be less then13, 700 cal.

Procedure:

Measure first the enthalpy of neutralization ofamal solution of acetic acid by
normal solution of sodium hydroxide. Take the elhaf neutralization of strong acid
and strong base as 13,700 cal, or determine itrempetally.

Measure the degree of ionization of normal solutibracetic acid by any known
method (say conductivity method), otherwise this ba taken from standard table.
Observations:

For water equivalent of calorimeter,

Volume of water taken = Mml

Initial temperature of water 3°€

Volume of hot water taken =Mnl.
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Temperature of hot water 2@

Final temperature of the addition £G

For enthalpy of ionization

Volume of 1M CHCOOH solution =M ml.

Volume of 1M NaOH zZML

Initial temperature of acetic acid or sodium hyddex = °C
Final temperature on mixing of GHOOH and NaOH =iC
Calculation:

Water equivalent of calorimeter = (W=,{b-t3)-M1(tz-t1)/(t3-t1)
Rise in temperature on mixing acetic acid and sotigdroxide= (§-t;)°C
Heat given by the solution=(W+MM, )(ts-t5) = Q, cal.

Molar heat of neutralization is 5H 3,700/(1e) cal.

Result: Enthalpy of ionization of acetic acid =.......................alc

Precautions:
1.Hot water must be added to cold water and tleainmediately.
2.The temperature should be accurately recorded.
3.The calorimeter should be completely insulated.
4.The glass should be of high quality and so trarespt that temperature can be eas

Viva voce
. What is Thermochemistry?
. Define enthalpy of a reaction.
. What is heat capacity?
. Define heat of solution.
. Define heat of neutrilisation.
. Why heat of neutrilisation of strong acid with stgobase is always 13700 cal?
. Why heat of ionization is negative quantity?
. Why standard solution of sodium hydroxide cannoptepared by weighing only?
. What is primary standard?
10.How you will determine whether neutralizatiorc@mplete or not?

© 0O ~NOOThA~ WNPF

11.6 SUMMARY

Thermochemistry is a branch of chemistry that qualitatively an@ugitatively describes the

energy changes that occur during chemical reactiénergy is the capacity to do work.
MechanicalWwork is the amount of energy required to move geaila given distance when
opposed by a force. Thermal energy is due to thdam motions of atoms, molecules, or

ions in a substance. The temperature of an obgeatmeasure of the amount of thermal
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energy it contains. Heat)is the transfer of thermal energy from a hottgjeot to a cooler
one. Energy can take many forms; most are diffevanieties of potential energ§PE),
energy caused by the relative position or orieotatf an object. Kinetic energKE) is

the energy an object possesses due to its motl@miost common units of energy are the
joule (J) defined as 1 (kg-fj's’, and the caloriedefined as the amount of energy needed
to raise the temperature of 1 g of water by 1°Call= 4.184 J).
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