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.FOREWORD

Since its estabtishment in 1976. Acharv, N:rnrri,,.
inthepathorprosressanddvnam,,,,.:";:f ;::lffi :i:,y,HJ:::?::ff il:"J:ffi m:I am extremely happy that by gaining a B++ (go-gs) grade from the NAAC in the year 2003, theUniversity has achieved recognition as one of the front rank. universities in the country. AtpresentAcharya Nagarjunp university is offering educationaropportunities at the uG, pG levelsapart from research degrees to students from about 300 affjliated colleges spread over *iethree districts of Guntur, Krishna and prakasam.

The university has also started the centre for Distance Education with the ainr to bringhigher education within reach'of all. The eentre wilt be d great help to those who cannot join incolleges' those who cantrot afford the exorbitant fees as regular students, and even housewivesdesirous of pursuing higher studies. with the goal of oriniing education to the;;;;;;;il;
such pdople, Acharya Nagarjuna university.has starteo oltrering 8.A., and B.com courses atthe Desree tever and M.A"; M.com., M.sc, M.B.g. and LL.M. Ju'r;r;;il;; rever from theacademic year 2003-2004 onwards.

To facilitate easier understanding by students studying through the distance mode,these self-instruction materials have heen prepared by eminent and experienced teachers:The lessons have been drafted with great care ano expertise within the stiputated time bythese teachers' constructive ldeas and scholarly quggestions are welcome from students
and teachers involved respectively. such ldeas will be incorporated for the greater efficacy ofthis distance mode of education. For clarification of doubts and feedback, weekly classes andcontact classes wirt be ananged at.the uG and pG revers respectivery.

It is my aim that students getting higher education through the centre for Distance
Education should improve their qualification, have better employment opportunities and in turnfacilitate the country's progress. lt is my foncJ desire that In the years ,o'rorn",' the Centre for
Distance Education will grow from strength to strength In the form of new courses and bycatering to larger number of people. My congratulations to all the Directors, Academic
coordinators, Editors and Lesson - writers of the centre who have helped in these endeavours.

K'Vt/^^na 9 u s
Prof.@

.Mce. Chancellor,
Acharya Nagarjuna Universrty
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ACHARYA I'IAGARJU }.|A U N IVERSITY

REVISED COMMON CORE SYLLABUS FOR UG COURSES'

SYLLABUS

B.Sc., Chemistry PaPer - ll Chemistry

UNIT - | (lnorganic Ghemistry - ll)

l. d-blockelements

chemistry of etements of First Transitionseries - Electronic configuration' metallic nature' atomic

and ionic radii, ionization potentiar - oxidation state - rerative stabirity of various oxidation states,

ionic and covalent character, acidic anJ Uatic nature, oxidising and reducjng nature of various

oxidation states, redox potential - Frost and Latimer diagrams - stability' disproportionation and

comproportionation of different oxidation states.'Coloui,bd - d transition' colour and spectral

behaviour of transition metar ions with respect to d1 - de configuration. Magnetic behavior -

determination otr"gn"ticmoment, Gouy'sbalance, paramagnetism, diamagnetism' complexation

behaviour, stability of complexes - oxidatLn states,'pi compluxet, class - a' class - b and class a/

b acceptors. Catatytic properties - important examples'

chemistry of etements of second and rhird rransition series - comparative treatment with their

3d anarogues with respect to oxidation state: magnetic behavior, spectrar properties. study of ri,

Cr and Cu triads - Titanium triad -electronic confituration, reactivity qf +lll and +lV states - oxides,

halides. Chromiumtriad-reactivityof+llland+Vlstates.Coppertriad-reactivityof+1,+llsn6+lll
states.

ll. f -blockelements

chemistry of Lanthanides - electronic structure, position in periodic table, oxidation state, Atomic

and ionic radii, lanthanide contraction - cause and consequences, anamalous behaviour of post

lanthanides, basicity, complexation - type of donor_ligands preferred, magnetic properties -

paramagnetism. Coiour and spect ra - f -i transition. Occurrence and separation - ion exchange

method, solrrent extraction.

chemistry of Actinide.s - General features - electronic configuration, oxidation state, actinide

contraction, colour and complex formation. Comparison with lanthanides'

rl, L' : *:!'

Theories of bonding irr i;,-. ^tcctron theory - thermal and electrical conductivity of metals,

drawbacks. Valence bond theory - €Xpic,.*.. " *,ttallic properties and its limitations. Band theory

- explanation Of metallic prOperties, COndUCtorS, seml cer tv- '^'c afld insulatc-';': General methods

involvedinextractionof metals-mineralsandores,oreconcentration-ti,vs-'"i"'!iri" ' ')arif;:n'
gravity separation - witRey taole, hydraulic classifier, leaching, froth flotation, Calcinattot r aid roasilng'

Acid and arrarioigesli;n. n"orailn of oxides, carbonates, harides, surphides, sulphates - smelting,

flux, auto reduction, alumino - thermic reduction, hydrometallurgy, electrolytic reduction' Purification

of impu.re metafs.-'iiquq,tq,fractionaldistillation, zone refining, oxidative processes - cupellation

bassemerisation, puOOiirtO, noling, thermal decomposition, Amalgamation, Electrolysis' A(loys -

cla$sification, substitutional solid solutions, intersiitial solid solutions, intermetallic compounds,

Hume - Rothery rui;;r"p";;ti"n or"ttoyr -fusion, electro deposition, reduction and compression

Uses - ferrous and non-ferrous alloys'



,a-'

lV Non - aqueous solvents
classification and characteristics of a solvent. Reactions in riquid ammonia - physicar properties,auto-ionisation' examples of 

"ttono acios ano ammonn 0"."r. Reactions taking place in liquidammonia - precipitation, neutralization, ,o|vofyris, lolvation _ solutions of metals in
ilH:l'#:T*il',ijl[il"J,J-i1",Hnn**,1:l;li#:;;1"",]li'll, reactions takins

UNIT - lt (Organic Chemistry - il)
l. Halogen compounds :

Nomenctature and classification of atkyl (jnto nri.marV,:ggTd?y, tertiary), aryt, aralkyl, ailyt, vinyt,benzyl)' chemical reactivity - reduction, formation Ji ir"rgx, Nucreophyric substitution reaction -classification into spl anc sp2. Mechanism orenergy proleci"gr"ms of spl and sp2 reactions.stereochemistry of sx2 (waiden inversion), sN 1 tnlcernisationtexplanatidi or both by taking theexample of optically active alkyl halide - z - oiomo outane,,siructure and reactivity - Ease cif hyd'olysis- comparision of allyl, benzyl, alkyl, vinyt, and aryl nafJe!. :

ll. Hydroxy compounds

Nomenclature and classification of hydroxy compounds. preparation : from carbonyl compounds.Arylcarbinols by hydroxy methylation. Phenols-'f"lov oi"zotisation (b) from sutfonic acid (c) fromcumene (d) by hydrolysis of halobenzene. Physicar'pr6perfies - Hydrogen bonding (inter molecularand intramolecular) effect of hydrogen bonding on oiiring p"i"i."?*"i"i.Jolubitity. chemicatproperties (a) acidic n?t_ule of phenots (b) Forma-tion or"lro:*i;;/ph;;;r;H; theirreacrion w*hRX (c) reptacement of oH by X using ti,.u, lBrg, 9o9rz ""0 
with HXZncr2. ;rj;;,;;rui;jacid halides' anhydrides and acids imectianism'i (b) EJters of inorganic acids (c) dehydration ofalcohols' oxidation of atcohols.by cro3, KMnoa. 

'speciat 
reactions-of phenols - (a) Brilmination,(b) Kolbe-schmidt reaction (c) RiemerTiimann tojnzo coupting, identification of aiconots by oxidation- KMno4, ceric ammonium nitrate - Lucas rea6ent; ph;;;ls by reaction with Fecl3, and by thesolubilitv in NaoH, P_olv hvdroxyl compounds I Binacoi- 
-iii#;;;;;"rr'*g"r"nt, 

oxidativecleavage (Pb(OAc)a & (HtOa)

lll. Ethers and epoxides

Nomenclature, preparation b! (a) williamson's synthesis (b) from alkenes by the action of conc.H2So4' Physical properties - Absence of Hydrogln bonding, insoluble in waier, tow boiling point.chemieal properties - inert nature, action oi.on-.. H2sof and Hl. Acid and base catalysed ringopening of epoxides - orientation.

lV Carbonyl compounds

Nomenclature of aliphatic and aromatic *rlonll:gmpounds and isomerism. synthesis of adehydes& ketones from acid chloride by using 1, 3 - ditnianis, nitriles_and from carboxylic acids. specialmethods of preparing aromatic aldehydes.and ketones ov tal oiidation of arenes (b) Hydrolysis ofbenzal halides' Physical properties - absence qr Hvirog€n bonding. Keto-enol tautomerism,polarisability of carbonyl.gfg!pt,reactivity of the carbonyigroJpr in atdehydes and ketones. chemicalreactivitv - i' Addition of (a) NaHSos (b) Hcry (c) Rlvrgi 1i1 Nr-r3 te) Rf 
fJ? 

(f) NH2oH (s) phNHNH2
(h) 2, 4 DNP schiff bases, Addition of H2o io rorm trvorateidnitablei comp?rison w1h chtoralhydrate (stable), addition of alcohols - nemi acetal and acetalformation, Haloge;ation using pcl5
with mechanism. Base catalysed reactions - with particular emphasis on Aldol, cannizaro reaction.

I
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perkin reaction, Benzoin condensation, haroform reaction, Knoevengealcondensation' oxidation

reactions _ KMnO4 oxidation and auto oxidation, reduction - 
""t"tyti" 

n!o-s"13tion, cremmenson's

reduction, Wolf-kishner reduction, n,pvieJ"iion' reduction *ith LAH' NaBH4' Analysis - 2' 4'

DNp test. Tollen,s test, Fehlings test, scinrs test, haloform test (with equations)' lntroduction to a'

b - unsaturated carbonyl compounds'

V. Carboxylic acids and derivatives

Nomencrature, crassification and methods of preparation a) Hydrorysis of Niirites,.amides and esters

b) carbonation of Grignard reag-ent= ul spu"[r methods of pr"p"rition of Aromatic Acids' oxidation'

of the side chain. Hydrorysis of benzoyr chrorides, Korbe reaction. physicar properties - hydrogen

bonding, dimeric association, acidity - rtr"ngth oi acid.s with the examples of trimethyl acetic acid

and trichroro acetic acid, Rerative oinerence."in th" acidity of Aromatic and aliphatic acids' chemical

properties - Reactions involving H, OH and cooH groups - salt formation' anhydride formation'

Acid ha|ide formation,. Esterification (me"nanism) & Amide formation' Reduction of acid to the

conesponding primary arcohor - via esteior acid chroricre . Degradetion of carboxyric acids by Huns

Diecker reaction; schmidt reaction (oecarooxyration), Arndt Eistert synthesis, Halogenation by Hell

- Volhard - Zelensky reaction. carboxylic acid 6erivatives - Readtions of acid.halides, Acid anydrides'

acid amides and ester (mechanism of ester hydrolysis by base and acid))'

Vl- Synthesis based on Garbanions

Acidity of 6r - Hydrogens, structure of carbanion. preparation of Aceto acetic ester by claisen ,

condensation ano-"yiin"ti" application of Aceto acetic ester. [a) Acid hydrolysis and ketonic

hydrolysis. preparation of il monocarboxylic acids ii) dicarboxylic acids (b) malonic ester- synthetic

applications. preparation of il substituted rono carboxylic acids ii) substituted dicarboxylic acids'

iii) trialkyl acetic aaid.

uNlT - llt (Physicat Chemistry - ll)

1. Phase Rule

statement and meaning of the terms - Phase, component and degrees of freedom' Gibb's Phase

rule, phase equilibria of-one component system 'waier system' Phase equilibria of two - component

system - solid - tiquid equilibria, simple Lutectic - Pb - Ag system, desilverization of lead' solid

solutions - compound with congruent melting point - (Mg - 2n) system and incongruent melting

point - (NaCl - HZO) system' Freezing mixtures'

ll. Solutions

Liquid - liquicl mixtures - ideal liquid mixtures, Raoult's and Henry',s law' Non-ideal systems'

Azeotropes - Hct- H2o, ethanol- water systems. Fractional distillation. Partially miscible liquids -

phenol - water, trimethyl amine - water, nicotine - water systems' Lower and upper consolute

temperature. Effect of impurity on consorute temperature, immiscibre riquids and steam distillation'

Itl. Electrochemistry

Electricar transport - conduction in metals and in'electrolyte solutions., specific conductance and

equivarent conr1uctance, measuier"ntJ"quivarent conduitrn.", variation of specific and equivalent

c6nductance with dirution. Migration of ions and Khorrausch's raw. Arrherrius theory of erectrolyte

dissociation rnO it, f',m"tionJ. Wu"f 
"nJstrolg 

electrolytes, Ostwap'.s dilution law' its uses and

rimitations. De bye Hucker onsagar,s equation tor strong..erectrorytes (erementary treatment only)'

Transport numkrer, definition ano oeieimination uy Hittort method for attackabre electrodes'

Applications of conductivity measurements : Deterrnination of degree of dissociation' determination

.t!,t
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of Ks of acids' determination of solubility produci of a spr:ang.ty soluble salt, oonductometric titrations.Types of reversible electrodet - g"t - nlr6talion, metai- metal ion, metarl Nsorror" sart - anion andredox electrodes' Electrode reaitions, N:*t 
"d"ti"i, -l EMF and singre erectrode potentiar,

:l3:ffi :i:ilfl:?:ff:",Tiil':ff;H,goJJJl*1'ic"'oerectrode jotJnti"r,sisnconventions,

Electrolytic and Galvanic cells - reversible and inevercibre ceils, conventionar representation of' electrochemical cells' EMF of a cell and its measum"nt. computation of EMF. calculation ofthermodynamic quantities of cefr reactions - DG, on .ro x.
UNIT - lV (General Chemistry - il)
l, Molecular Symmetry

Symmetry elements and symmetry operations in molecules. Definition of plane oi symmetrycenter of svmmetry and-Axis of "ir;;itffiil axis (c1) 
"nJ'Ji"rnatins axis (sn).Examples.

ll. Physicar properties and motecurar structure
orientation of dipoles in an electricfield, dipole moment, induceddipole moment, dipole momentand structure of rnolecules, magnetic properfi"r - p"i" magnetism, diimagnetism and ferromagnetism.

lll. MolecularSpectroscopy

Electromagnetic radiation - different regions - wave rength, wave number, frequency, andenergy' f nteraction with molecules and types of molecular 
1oe9!ra, concept of potential energycurves for bonding and anti-bonding molecular orbitals. eualitative oesfription of s, p and nM.O" theirenergy revers and the respective transitions.

ultraviolet - visible absorption speclroscopy - presentation and analysis of spectra, types ofeiectronic transitions, effect of conjugatidn. bon.upt or chromophore and auxochrome.Bathochromic, hypsochromic, nyperiniomic and nypicnromic shifts : Exampres.
Infra red absorption spectroscopy - Energy levels of simple harmonic oscillator, molecularvibrations' Hooke s law' intensity determination force constant and qualitative relation of forceconstant and bond energies, effect of an harmonic motion and isotope on the spectrum. Modesof vibrations in poly atomic molecules., intensity anJposition of lR bands instrumentation.characteristic absorption bands of various tunciionaigroup., Interpretation of lR spectra ofsimple organic molecules.

V Stereochemistry of carbon compounds

Molecular representations: - wedge, Fiscler, Newman and saw-horse formulae. isomerism: Definition of homomers and isomers. cLssification of isomers : constitutional andStereoisomers -. definition and examples. Constitutionalisomers: chain, functional, positionalisomers and metamerism. stereoisomers : enantiomers and diastereomers - definitions andexamples' conformational and configurational isomerism - definition, ethane and butane.
Enantiomers : optical activity : wave-nature of light, plane polarised light, interaction with, molecules, optical rotation and specific rotation. cniril molecules : definition and criteria -absence of plane, center and sn axis_of symmetry - asymmetric and oisvmmeir; ;"ffi,'],-Examples of asymmetric molecules (Glycerabenyoe, Lactic acid, Alanine) and disymmetricmolecules (trans - 1, 2-dichlorocyclopropane). chirilcenters : definition - molecuteswith similar

I



chira|carbons(Tataricacid)-definitionofmesom.e-TlolTu'eswithdissimi|archiralcarbons(2,
3 . dibromopentane). Numoer of enantiomers and mesomers . ca|cu|ation. D, L & R, S configuration

ior asymmetric and iir'tt"tti. tof"tJi"" C"nn-' Ingold - Prelog rules' Racemic mixture'

iacemisation and Resolution techniques

Diastereomers : Definition - Geometricarisomerism with reference to arkenes - cis, trans and E'

Z configuration.

V. Theory of Semi micro qualitative analysis

principres invorved - sorubirity product, common ion effect, crassification and reactions of anions'

Classification, separation and reactions of cations into groups - Group reagents'



A CHARYA NA GARJUNA UI\NYERSITY
B.Sc. Degree Examination, March 2006
(Examination at the end of Second year)

CHEMISTRY
r II- HYSICAL CI{EMISTRY

Three hours

SECTION A
(4 x 15 = 60 marks)

AnswerALL questions. All questions carry equal marks.
What are Lanthanones ? Explain their oxidation states.
Explain,how

i) Atomic radii,

ii) Ionisation energies vary with increase ofatomic number in transitionat elements.
. c) Explain Hume-Rothery rules with suitable examples.

d) Describe the merallurgical reactionr rour?,l* und smelting.
e) Explain the colour of ions oftransitional metals.
f1 Compare d-block elements with f-block etements.

U 
lffi:lt 

monohydric alcohols are classified ? write any two methods of prepararion of ethyl

b) Explain any two methods of preparation ofchroroform.
c) Explain the mechanism of

i) Aldol condensation. ii) Benzoin condensation.

Or
d) Explain, why

))rFormic acid is stronger than acetic acid. ii) Propionie acid is weaker than acetic acid.
e) Explain Perkin's reaction with mechanism.

f) How is Benzaldehyde can be prepared from
i) Toluene ii) Benzylalcohol

State phase rule and apply it to salt_water system.

Explain Debye-Huclde theory of strong electrolyes.
vv i'at is meant by singte electrode potentiat ? Explain stan-dard hydrogen electrode with thehelp of a neat diagram.

Or
Explain briefly critical solution temperature.

Maximum : 100 marks

a)

b)

l.

L.

3. a)

b)

c)

d)



4.

State Kohlrausch law' Explain any two applications of this law'

Compare Galvanic cell with electrolytic cell'

Explain bonding and antibonding molecular orbitals'

write notes on :

i) Enantiomers ii) R-S configuration

HowllandlVgouPcationsareseparatedbyapplyingcommonioneffectandsolubility
product ?

Or

what are conformationar isomers ? Explain it by considering n-Butane'

Explain Walden inversion'

What is dipolemoment ? How it is useful to assign the molecular structures of NH' and BF'

molecules.

SECTIONB
(8x5=40marks)

Answer any EIGIIT quesions'

5. compare l$ series of transitionalelements with that of 2d and 3'd series'

6. Explain pinacole - pinacolene rearrangement'

7. explain ttre mechanism ofNucleophilic addition on the carbonyl group of carbon compounds'

8. How can acetic acid be converted into

a) Ethane. b) Acetamide'

9. ExPlain

a) precipitation b) Red-ox reactions that takes place in liquii ammonia'

10. Explain qupellation and pollingmethods of refining of metals'

ll. State and explain Henry's law' What are its limitations ?

12. Calculate the e.m.f. of the cell 2I-,*. +,2.Ag1, *r Ag(s) + 12 (s)' Given that the standard oxidation

potential lpl' is+ 0'54 volts and that of Ag1 / Ag is + 0'80 vcilts'

I 3. Explain about chiral and achiral molecules'

14. Discuss briefly the isomerism of the following pairs of compounds'

a) Acetone and Propanal b) Propanol-l and Propanol-2'

I 5.Explain the following with suitable examples :

"; 
Triple point b) Eutectic point c) Condensed system

l6 Explain the following

a)'AldehydesgiveredprecipitatewithFehling'ssolutionwhileKetonesdonot.

b) Williumson'shYPdthesis'

e)

0
a)

b)

c)

d)

e)

0
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TJI\IIT - I
Lesson - I

d - Block Elements - Chemistry of Elements of First
Transition Series

t.l. t
The transition elements may be defined as those which as elements or as ions have partly filled d -sub shells. Since the d - sub shell is partly fitled. these elements are called aq d - block etements. As their

position in long forrn periodic table is in betrveen s - block and p - btock elements. they ar.e called as
transition elements. In d - block elements. the electrons are adcled to the d - orbitals of tire penuttimate
shells ( n - l) d sub shells. The numberof electrons in the outermost orbit (n) of the d - block elements
lemains same and hence they show similar chemical properties. But the zinc gropp ( group l2) has completely
filled (n- l ) d sub shell in their elemetrtal state as wetl as in the combined state and hence they are not iypicaf
transition elements. The elements of the group lll A ( Sc. Y. La and Ac ) and IIB ( zn:'cd, Hg ) are tulr"a
no-t typical while the other transition elements are called typical transition elements. There 

".! 
ihre" ,"rie,

of d - block elements in the 4'h. Srh and 6'h periods of the periodic tabte in which 3d, 4d and 5d orbitals are
being filled up. There is an incomplete fourth series in which 6d sub shell is being filled up.

1.1.2 Electronic configuration :

The general outer electronic configuration of a transition element is (n-l)dt-ro. nsr-r. The various
orbitals are filled in the increasing order of their enerS/ (4s<3d). tn ihe first.series Cr and Cu deviate fronr
4sr configuration which leads to 3d sub level half filled in cr (3d5) and completely filled in cu (3dr,,). due ro
which Cr and Cu attain extra stabilitv.

rbble I Etectronic Configuration of Elements of the First series
Elcment Synrbol Electrgnlc Contlguratlon

Scandium Sc tsz. z{p6, 3s2p6dr. 4}
Titanium Ti rsz, 2Jp6, 3s2p6/. 4s2
Vanadium v \?, zlp6. 3s2p6/. +l
'Chromium Cr rs2. 2tp6, sp2p6d, 4sl
Munganesg Mn ts2, 4p6. 3s2p6d, 4s2
lron Fe ls2, zs2p6. 3.c2p6f, ei
('obnlt

Co lsz, 2?p6, 3"2pbd, 4?
Nickcl Ni lsz, *p6, slp6d 4?
*Copper

Cu ls2, 7*J2p6, 3szp6dlo, 4sr
lnc Zn 1"2, zszp6, 3szp6dltr. 4s2



1.1.3 Metallic nature :

Since the number of valency electrons (ns) is very srnall, they are all metals. They have metallic
luster ; they are good conductors of heat and electricl,v, they ore'hard, malleable and ductile and they also
form alloys with other metals.

Melting and boiling points :

The melting and boiling points of transition elements are very high due to the presence of strong
metallic bonding and covalent bonding by the unpaired d - electrons.

l.l.4Atomic and ionic radii :

The atomic radii dfthe d - block elements of a given series generally decrease with increase in atomic number.
With increase in atomic number the nuclear charge increase which tend to attract the electrons in ward resulting in
decrease in atomic size. In the d - block elements, the electrons are added to an inner (n- I )d sub shell and this addition
of electrons screen ( Screening effect ) the outer ns electrons from the nucleus. As a result the atomic radius does not
altermuch from Crto Cu.

For ions of a given charge, the ionic radii decreases slowly with increase in atomic number.

Table 1.2 Atomic and lonic Radii (A') of the Transition Series Elements.

1.1.5 lonization potential : "

The ionization potential of d - block elements is intermediate between s- and p - block elements.
The ionization potential value increase as we move across€achseries frorn left to right. But the'increase in
the value is low when compared to s - and p - block elements. The reason for this - the increasing nuclear
charge tends to pull the outer electron inwards with increasing'force. The addition of increasing number of
d - etectrons provides screening effectani protects the outer s electrons from nuclear attraction. The net
resr rlt is a slow increase in ionization enerry. This explains that the transition elements are less electropositive
than lA and II A group elements and nray form ionic or covalent bonds. The tendency to form ionic bonds
decreases as the atoms get larger. The atoms in lower oxidation states are ionic and are covalent in higher
oxidation states.

1.1.6 Oxidation states - Relative stability of various oxidation states :

Alltransition elements with an exception of a few. show variable oxidation states. They show a
large number of oxidation states which are related to their electronic cbrrfiguration. In the first five elements
the minimum oxidation state is given by the number of outer electrons in the outer s - sub shell and the other
oxidation states are given by the sum ouier s- and some or all d - electrons. The highest oxidation state

shown by any transition metal. is 8. eg. Rutheniui I and Osmium show +8 oxidation state in RuOo and OsOo.

Rsdii Sc fi v Cr Mn Fe Co Ni Cu Zn

Atomic t.62 l,q r.34 l.n 1.26 t.26 t.25 t,?4 r.28 1.33

M2' 0.90 08t 0.M 0.80 0.76 0.74 0.72 0.72 0.74

Ml+ 0.8 r 0,?6 0.74 0.69 0,66 0,64 0.63



The variable oxidation states shown by the transition elemen'g is due to the availabitity of both ns and (n- l)delectrons for bond formation.

Table l '3 Rblation between outer Electronic configuration and oxidation states of the
Elements.ofthe first fansition series.

Elcocnl (}ilcr cLc. Orldotton states
Sc

Ti
v
Cr

Mo

Fg

Co

Ni

Cu

7a

3d
td
3d
3f
3d
kf
3l
3n
Jrtlo

3dlo

d
4t
$2
4.rl

4]
ei
d
d
4rt
d

+L +3

+2. +3, *4
+2" +3, +f, +5
l, +2, +3, +4. +5. +6
+2" +1, +t1, +5, +6, +?
+L +3. +3, +5, +6

+2, +3, +4

+1 +3. +4

+1, +2

+2

Relative stability of.oxidation states :

Compounds are rcgarded as stablc.

I lfthey exist at room tempsrature.

. ii) Not oxidiz€d by the air.

iii) Not hydrolyscd by water vapour and

iv) Do not disproportionate or decompso rt thc normal tcmpentures. ln general the second and third row
elements exhibit higher coordination numbers and their higher oxidation states are more stable than
the corresponding first row olements. Thc rclative stabilities of various oxidation states of 3d series
elements can be correlated with thc extra stability of 3d", 3dt and 3dro configurations. Thus Tia*(3d") is
more stable than Ti!-(3dr) ; Mn2i(3dt) is morc stablc than Mn3'(3da) and'Fer.(3d5) is more stable than
Fe2*(3d6).

Ionic andCovalent charscter :

The elcments form ionic compounds in lower oxidation statcs and form covalent compounds in higher oxidation
states. Thc tendency to form ionic compounds decreases as the syid6lion state increases. For exampie Mn2* forms
ionic compound, MnO ; Mna' forms MnQ '."hich is inrcrmcdiate betwccn ionic and covatent character. Mn7* forms
MnrO, which is purely covalent.

Acirlic and basic nature :

The acidic nature ofthe oxides inereases with increase in oxidation state ofthe elements. For exannple consiber
oxides ofmanganese.

tvt'.o
basic

Wq
amphotcric

Mn*tro,

acidic



Oridising and reducing nature :

ln order to come into lowel oxidation state, the transition elements exhibit strong oxidising propertics in

higher oxidation states.

Eg: KrCrro, ( Cr in +6) and KMnO. ( Mn in +?) are strong oxidising agents' Strongly.oxidation states form

oxides and fluorides but not iodides while strongly re{,ucipg states J9 not form fluorides and oxides but may form the

heavier halides.

1.1.7 Redox Potential diagrams :

Redox potentials are used to predict whether a particular redox reaction is thermo dynamically

possible under standard conditions or not.

- 
Two important redox potential diagrams are know,r for knowing the relative stability of different

oxidation states of transition elements i.e. Frost and Latimer diagrams.

Latimer diagrams ( EMF diagram ) :

EMF diagram of an eleffent is a short form in whiclr standard reductioh ('pr oxidation ) potential,

values of an element in its free state or its compounds in different oxidation states are represented in a

condensed form. In the EMF diagram, the species of the elements having different oxidation states are

arranged from left to right in the decreasing order of the oxidation number of the element and the vnlues of
standard reduction potentials are inserted between the oxidized and reduced species. The higlier oxidation

state is written on the left and the. lowest oxidation state on the right.

The EMF cliagranis revealthe relative stabitity of different oxidation states of the elements.
\

For exarnple, the potential diagram for manganese in acidic solution ( conc. Of H*'= I M) is given

below.

+1.51

From the dbove diagram, it is known that MnO-ocan be reduced to MnO, rather than to Mn ?-Oo In

other words MnOz-o can not exist in solution during the reduction of MnO-o to MnO2 '

Example - 2

The potential diagram of chromiurn in acid solution.

oxidation state of qhromium.
+6 +3 +2

612+ -0.91 ,g,
LosLT

r"rJo; +0.-56 + Vno]- +2'26,t1O, - 0'95 >Mn3* - +l'5 l-t MnZ+ - :-LJ-:S--e vp

t rt.€g t' t +t'23 t

cr;ol- +l'33 , ci* -o'+t >'L+o.2es



The potentialdiagram of Mn and Cr in acid
+3.

Example - 3

Potentiat diagram for copper in acid solutiorr.

Cu2_F O.l5 > Cu+ _> C:rr-

-)'

The higher oxidation state Cu2* and the loweroxidation state cu are connected through an intermediate
oxidation state Cu'.

The potential diagram of Cu in acid medium is an example of lower oxidation states.

These EMF diagrams predictabout the susceptibility ofarry species to disproportionation.

For example. EMF diagram for Br ion in basic solution at 25oc at which OH concentrarion is I M.

g; -1.07 , I
^,l\2 . -4.7 |

a) Disproportionatiort of Br, to Brd

illrrr*+5-- Bro- -o's4 > Bro,

E" : -0.45v

Br.- + |rqor e E" = -1.07v

and in the second lralf reaction, it acts as

Bro w'ill occur.

In the first half reaction Br. acts as reducing agent

oxidising agent. Disproportionation of Br. to BJ and

b) BrO- + + OH -+ trot + 2HrO {- 4e- E" =. -C54v

Br +2OH -+ BrO- +H2O + 2{ p" = -0.7tv

For disproportionation to occur- the pcitential of the half rr:action in whiclr Br. acts as a reducing
agent is higher than the potential of the half reaction in which it acts as oxidising agenr.

l2l

|n riu)+ 
2 oH + Bro- + Hro + el

The potential diagram of Mn and cr in acid sdlution are examples of oxidation states greater tlran



Frost diagrams :

Frost diagrams are useful for qualitative data to understand the stability of oiidation states' The

redox relationship of a meral can be stuiied by plotting a qraph between nEo (M"./M) against the oxidation

number. These plots known as Frost diagrams are drawn 
-forelements 

forming oxides and oxyanions'

Species l'rsHe to
undergp redrdion

/ ilbre steeP arve

-lXigrtrar 
redudion

potentbl)

The slope ofthe line joining any two points is equalro the standard potential of the couple formed by

trre two species. rf the rine joiningthe two points is steep. the potential of the correspondingcouple willbe

more. The oxidising agent in the couple with more positive slope is liible to undergo reduction' The reducing

agent in the couple *iit tt',e less positive slope is liable to undergo oxidation'

Stability

The species lying at the bottom of the Frost diagram corresponds to the most stable oxidation state

of the element'

For example, of alt the oxidation states +2 state of manganese is the most stable state and so in Frost

diagram Mn2' lies at the bottom of the curve

OXIDATION NUIUBER

Frost diagram of Mn States

EI

EI
5tzl

' Less st€ep cuve
(Lower r€duclbn

OXIOATION NUMBER



I' I' 8 Disproportionation an d comproportionation of different oxidation r*r,
consider three consecutive oxidation states of an element and draw a line joining the first and thirdoxidation states' If the centrat ion lies above tr,"ri"", itir 

""itJJiirproportionationJr iri, ri", berow this rine,it is called comproportionation. consider the."PFilr;ii-aid if a line is drawn joining Mp2* and Mna*;Mn3* lies above this^li1e, It is-an example oroirpropirtionation. Mn3* is unrrull" with respect to thedisproportionation of Mnz* and Mna*. In a similar way,'if a Ii""-;;l;;;;;o;iili;;.,.* and Mn5*, Mna* tiesbelowthis line which is an example ofComproportionation.

7.1.g Colour :

Most ofthe compounds of transition metals are coloured in the solid or in solution states. The colourof transistion metal ions is due.to presence of unpaired electrons or incomplete d - orbitals. colour of a
substance arises due to the properfy of a srrbstance to absorb light of certain wave lengtlr in tlre region of
visible light ( l,= 3800 - 760040 )' If a substance absorbs wave length corresponding to red tight, then the
transmitted light will consist of wave lengths corresponding to other colours, particularly blue colour. The
transmitted light has complementary colour to that ofthe absorbed light. The substadce-wiil therefore appear
blue. For example hydrated copper ion (lI) absorbs radiations corresponding to red light and hence appear
blue. Anhydrous cobalt (ll) compounds also absorb red light and appear blue. The hydrated cobalt (lI)

- compounds absorb radiations, corresponding to blue colourand hence appear red.

Table 1.5 Colours of Hydrated Ions of the First Transition Series.

Ion Outcr elmtronlc
confisuration

No, of unprlrcd
elcctrons

Colour Magnetic
noment (BItt)

Sch
Til*
v:*
Crh
Mn3*

Fe3t

Mn2*

Fe2*

co2*

Ni2*

cu2*

Cut
ZnZ'

3f
3dl

3&
3d
3d
3f
3t\
3(f
3d'

3d
3f
3dt0

3dt0

0

I

2

3

4

5

5

4

3

2

I

0

0

colourless

purple

Sreen

violet

violet

yellow

pink

grecn

pink

green

blue

colourless

colouurless

0

1.75

3.86

4.80

5.92

5.96

5.0-5.5

4,4-5.2

2.9

2.9-3.4

t.4-2.2

0

0

Transition metal ions which have completely filled d - orbitals or completely vacant d * orbitals are

colourless. Eg : Sc3*, Ti'* ; Cu* andZn2* ions do not have unpajred d -electrons and hence appearcolourless.

The cotour of the transition metal ion is due to promotion of one or more unpaired electrons from a

lower level to a higher level within the d - sub shell. The enerry required to this is in the visible light.



colour - d - d transition and spectral behaviour of transition metal ions :

ln a free transition metal ion the five d - orbitals have same enerry and hence are degenerate

orbitars. But the groups attached to the transition metar ion exert a sort of erectric field on the ion leading to

the splitting of the d - orbials inro two d;;;;iy eg setconstitutes dz2 and dx2 - y: orbitals and t'g set

constitutes dxy' dyz and dxz orbitals' Tn" ;;"t's'iid'"n""' rvhich is very small between the two sets is

called AE.

T
AEI

Sptining of dorbials of ransition metsl ions'

ln d - d transition, the excitation of an electron frgm a lower level (tg) to a higher level (eg) takes

place by absorprion "iririli" 
f igf,t. Ttre value of"n"rgy difference AE dependiln the nature of the metal ion

and narure of the groups ( rigands l *,,*"ii"f tfi" ,n"t"t ion. Eg - t Ni (Hro)ult' is green and I Ni

-0'lHr)ol2'is PurPle'

To get a d - d transition, there must be atleast one electron in the lower 3d-level (t'g) and at least

one vaoant irbital in the upper 3d- level (eg)'

considering the above factors, we can explain ihe colourless nature of Sc3* and ria.( No electron in

the.3d level ).and culand zn2* (No vacancy in the 3d orbitals ) ions.

Example ford confguretion :

Inhydratedtitaniumion'ITi(Hpu3-theonlye|ectronpresentinthe|owert,8|e'zel,onabsorption
of light is ptomoted to eg level, the ion aPpear purple coloured'

..t I
I

l-
I\.Y\.1

Sgliniry of 3d lct'€l in [f(H1o}P'

Example for dt configuration

Blue cotour of cu2* ion in I cu (qo)olr. . on passing light thro'.rgh the solution of I cu (H.o)J]".the

erectron in !g rever absorbs red right having Jn"rgy equat to lg and excites to higher eg level ' white light -

co

CCC

ON INFLUENCE OF

ELECTRIC FIELD

FIVE DEGNERATE
4ORBITALS OF

. THE ION

eg

\

ts



red lighl = 66€ aolour and henoe the ion appean blrc in corour. so Tih and c':., having d , *o * *ffiond - d tansition involve one electnon onlj.'

1.1.10 ltflagnetic behaviour :

*",r,#::1|,fit#;: 
associated with magnetic properties. Majority of the substances may be

Paremegnctirm :

- i substances' which are attracted into a magnetic- field, are caned paramagnetic substances.Par&nagnetism is due to the prese;;;p"ird etec-tron, in atoms, ions or molecures. since most of thetrinsition metal atoms have unpaired electronb in d - orbitals, th3y are paramagnetic in nature. Unpairedelectrons exhibit permanent magnetic moment through spin unj oruit"t -i;i;-"-"'
Diemegnetism :

Substances, which leyrylled bythe magnetic fietd are called diamagnetic substances. Diamagneticproperty is due to the completely fi.llgd d - orbitals. Sc3*;1c* :Zn2* andCu- Jtc ao 
"ii"nn,uin any unpairedelectron and hence are diamagnetic in nature.

Determinetion of magnetic moment - Gouyrs balance :

compounds that shorvParamagnetism when placed in a magnetic field are pulled into the fielcJ. Thisextent ofpull.by the magnetic field can be measured using Gouy magnetic balance. A,;;;;r;;"d#;
from one arm ofa balance.which is partty in_the etectro rn'ugn"ti. field. In the magnetic field, the sample isoitherattracted or repelled by the magnetic field. The force-required to mainain i-he'position of the sample
is measurod by the weight that must be added or removed from the o$rbr pan of the batance to maintain
equilibrium. The weightofthe sample isdetermined with and withoutthe magnetic fi";d.\,i;;;;;il;;
susceptibility). can be obtained from the measurment of the force on the sample in a magnetic field. Each
unpaired electron is regarded as a inicromagnet which possess a certain n"lu" or r"gn"iT";;;";;.' -""

Sirnplilkl di4run of Gouy rragnaic bdancc.



The total magnetic moment of a cation depends upon the number of unpaired electrons' lt is given

bythefollowingexpression ttM=,/F(r*T Bohrmagnetons.wherenisthenumberofunpairedelectrons'

The magnetic moment is expressed in Bohr magnetors'

Whenn=l

rM = rff4: 1.73 B.M

When n:2

pM =,,W1= 2.83 B.M

and so on. The measurement of Paramagnetism gives information about the number of unpaired

electrons present in a molecule.

ln case of Fe, Co and Ni the unpaired electron spins are more pronounced. Hehce, these elements

are strongly attracted towards magnetic field these elements are called ferro magnetic substances and can

be magnetized.

1.1.11 Complexation behaviour :

The transition metals have a great tendency to form complexes with several molecules or ions

called ligands. The ligands which are able to donate an electron pair may be a neutral molecule'like NH, or
an ion Cl' or CN' . The reason for forming a number of complexes by transition metals is that they have

small, highly charged ions and have vacant d - orbitals for accepting lone pair of electrons from the ligands.

Complexes where the metal ion is in (+3) oxidation state are more stable than those with metal ion in (+2)

oxidation state. Some metal ions i.e. first half of the transition metals form most stable complexes with
ligands that contain donor atoms N, O or F. These metals are called class a acceptors. On the other hand,

the metals like Ag, Au, Hg , Rh , Pd, Pt etc form their most stable complexes,with the heavier elements of
groups 15,16 and 17. These metals are called class - b acceptors. The second half of the transition elements

6f thl series form complexes with both types of donors and are thus intermediate in nature. These metals

are called class a/b acceptors. ( type (a) metals include the smaller ions from groups I and 2 and the left
hand side of the transition metals when they are in high oxidation state form the most stable complexes with
nitrogen and oxygen donors (eg- ammonia, amines, water, alcohols etc ) and also with F'and Cl- ions type
(b) metals include ions from the right hand of the transition series and also transition metal complexes with.

low oxidation state. These form the most stable complexes with ligands such as l-, SCN and CN. This

classification was useful in predictingthe relative stabilities of complexes ).

In each transition series the stability of complexes decreases with increase itt atomic number.

l.l.l2 Catalytic properties :

Most of the transition metals and their compounds have good catalytic properties. The transitional

elements on account oftheir variable oxidation states are capable of forming unstable intermediate compounds.

These elements can also provide a large surface area for the reactants to be adsorbed. Platinum, iron,

vanadium pentoxide, nickel etc. are important examples. Platinum is used as a catalyst in the contact process,



involving the formation of sulphur trioxide from So, and or. vre is also used in contact process. Iron isused as catalyst in the manufacture of ammonia by#;;r-;"3rr, rror nitrogen and hydrogen. Nicket isused as catalyst in the hydrogenation ofoils.

l.l.l3 Model Questions :.

l) what are d - block elements ? Give their electronic configuration. How do the atomic radiiof the transition elements vary with the increase h ;;il;;gir",la ,"ri"r.
2) compounds of s- and p- block elements are generally colourless ( white ) but those oftransition metals are generally coloured. How-*ould ytu u""ount ror l, r
3) what aretransition elements ? write notes on various oxidation states oftransition metals.
4) 

liy"[?ij:':n 
metal ions are usually coloured and paramagnetic ? Give two exampre of

5) Write notes on Frost and Latimer diagrams.

6) Discuss the catarytic properties oftransition erements.

7) Write briefly on magnetic and catalytic properties of d - block elements.

8) Give the electronic configuration of Cr and Cu. Describe the common oxidation states of' 
first transition series elernents. "'v vv""'rv" !

9) Explain the following-

i) Cu2* ions are coloured and paramagnetic while Zn2* ions are colourless and diamagnetic

iD Transition metals are less reaitive than alkali and alkaline earth metals.

O Ferric salts are more stable than the corresponding ferrous salts.

l0) What is meant by disproportionation and corirproportionation of oxidation states. Exptain
with one example each.

V.Mangatheyaru

Retd. H.O.D:
Department of Chemistry,

J. M. J. College For Women,

Tenali, Guntur- (Dt)



UNIT _ I

Lesson - II

CHEMISTRY OF ELEMENTS OF SECOND AND

THIRD TRANSITION SERIES
l.z.lcomparative treatment rvith their'3d analogues with respect to oxidation

state, magnetic behaviour and spectral propcrties :

Atomic radius or size :

The size of the elements of second row series is larger than the first row series' Due to lantharride

corrtractiol"r. the atonric radii of third row elemerlts are almost eqrral to that of second_row elements' ln a

group t6e at.rnic raditrs of transition elernents irrureases on moving clown the group' The atornic radii of

seconcl and third series are very close to eaclr other while that of first series is very low when contpared to

the other t\'!'o tows.

1.2.2 Oxidation states :

The higher oxidation states are more stable in case of second and third transition series. i.e. Mo (r'$)

W (rZ). Os (+8), tr (.+-8) etc. Kuthenium (Ru) of second series and osmium osmium (Os) of thrrd series

"*nlUiittr" 
highest oxiclation staie r-8 thus. chrornate iorr ( CrO-r) is of a strong oiidisingagent but rnolybdate

[MoO-.j and iungstate. [WOu] are stable. The permanganate ion [MrrO'u] is a strong oxidising agent but

pertechnate lfeO-r] and perrlrenate , [Re Oo] ions are stable. WCl,.- ReF-. RuO,. OsO, like compounds in

irigher oxidation states are seen in second and third series. But no compounds equal to them are observed in

first series.

In the first series. +2 and +3 oxidation states are important. 't'4 . '|'5. +6 and +7 arecommon only in

Ti. V. Cr and Mn. Hence, the elenrents of first series fonn a large nunrber of stable complexes such as

Cr Cl,, and Co (NH.)6 etc. No equivalerrt complexes are given by Mo or W or Rh or Pt ofthe respective

second and third series.

1.23 Magnetic behaviour :

The magnetic behaviour of the transition elements of first series can be interpreted very easily than

those of secorrd of the ligand field deternrines whetlrer a lorv spin or a high spin complex is formed by the

elements ofthe first transitional series. The secorrd and third row elemelrts tend to forrn low spin complexes.

Ttre elements second and third rows also show extensive temperature dependent paramagnetism.

1.2.4 Complex formation :

The first row elements form more stable complexes with N, O and F donors while those of second

and third rows form stable complexes with P. S donors. The highest coordination number shown by elements

of first transition series is 6 wtrile 7 and 8 coordinatiorr nutrrbers are seen in elemcnts of second and third

series. The first series elements form nrainly tetmhedml complexes witlt coordirration nuntber 4 wlrile second

and third series elements fonn mainly square planar complexes with coordilration number 4.



l'2'5 study of titanium triad - Group IV elements electro;*."**uration andoxidation states :

The titanium triad consists of three elements namelv Titanium. ziuconium and Hafniurn. They havesimilar electronic configuration ( ii - l ldt nst. ftre;;;r;';;;;';o','una the rnosr stabre oxidation state for a, ,the elements is +4' A large amount of energy is required to remove all the four electroirs and anhydrouscompounds such as Ti Cl4 are covalent. In the oxidaiion state ( r-6 ). the elements have a do configurationand has no unpaired electrons' Hence. trtei. 
"urfor"ar "r. ,vpicalry rvhite or colourless and diamagneticThe oxidation state (+3) is reducirrg and rir' ions are Inore strongly reduci'g ttran sn.-.

Table 2' I The electronic configuration and oxidation states of Titarrium Triad

They are stable and exist as solids and in solution. Since the Mr' ions lrave a dr configuration theyhave one unpaired electron and are paramagnetic. with the only one d electron. tlrere.is onty one d-delectronic transition and hence there is only one band in the visible spectrum and nearly all the compounds
are coloured. The lower oxidation states under go disproportionation.

2Tir' a >Ti:.FTi4.

H^O
zTi'}' ----z---+ Tio + Ti4'

The +2 and +3 oxidatiorr states are not so commor in the chernistr_y of F{afniurn.

Reactivitv:

The metals are unreactive at lorv and nroderate tenrperatures because of the fonnation of a thi'
impermeable oxide laye'r. At room.temperature they are unaffected bl,acids and alkalies. Howeveq Titaniurn
dissolves slowly in hot Conc' HCI giving Ti3- ionsand irr HNO. giving Tio. (H,o),,. Zirconium dissolves in
hot Conc. H.SO4 and aquaregia. They dissolve irr HF forrning i","*uRJo.o io*pl"*"t.

Ti + 6HF r H, [Ti F6] 1_2H:

A ll the three metals are very reactive at higher ternperatures. They forrn oxides. Mo,, tetralralides,
MX4' interstecial nitrides MN and interstecial carbides MC by,lirect comiination.

Oxides a.:r halides of (+4) oxidation state :

All the elements-of titanium group fonn ionic oxicles. Mo. rvherr heated above 600oc. they are' 'oluble in water, non - volatile attd are renderecl refractory by strong ignitiorr.

Elenent

Zrrconium, *fr
lldnium, nHf

rstArl3lal ir-ryo trlllr ry
r6tKrl d x2 lo rrl (nr) rv

dxrl_dn# ert lrrlrl rv



;" t"* *perties of oxides inc.rease w^itlr atomic-"1lb^ 
^-Ti?:i:T::"i::::1* 

Zro' and Hfo'

*" u"ri"1tl;,il##;;;;n *;;"na-iur", forming tita'ates and titinvl compounds.

Tio.(H"o),, Conc. NaoH -' Na.Tio.(H-o)"
Sodium titanate

Tio"(H"o)" Tio.so4

TitanYlsulPhate

Titraniunr group form halides of type MXo. They can.be prepared comm.ercially by heatingthe

dioxide with chlorin" and 
"urboo. 

The fluoriies can [e pr"pured by the reaction ofTiClo with anhydrous HF'

TiClo + 4HF -+Ti F4'F 4HCl

TiClocanbepreparedbypassingchlorineoverahotmixtureoftitaniumdioxideandcarbon.

Tio. + c+ 2cl. + Ti cl. * -co.

TiClo is a colourless fuming liquid, covalent and diamagnetic in nature:'ZrCl., is a white solid' The

halides undeigo hydrolysis vigorously and fumes i. tnoist air.

Ticl4 + 2H'o -+ Ti o, + 4HCl
Titanium dioxide

lf water is not present in excess. it fornrs titanium oxochloride:

TiCl, + H.O -> TiO Cl- + 2HCl

Zr{l oonhydrolysis gives ZroC l:

ZrCl, +H,O -+ Zrocl.+ zlfcl

The tetrahalides act as electron pair acceptors or Lewis acids and react with a number of donors

forming octahedral com plexes.

Ti F, --Conc-H-E-> [Ti F^]r

Very stable

Ti Cl. 
-esqg, 

H-E -+ [Ti Cl.]r
Very uirstable

Oxides and halides of (+3) oxidation state :

All the +3 compounds have a drconfiguration and are coloured and paramagrretic. Tir* is much more

basic than Tia*. The trihalides, of titaniurn, TiX., are readily formed by reducing TiXo compounds.

1; hot HCI , TiCl., . 650oc 1;g1o

riCt, -_H?o-- [T;(H.O),,],'Cl. + [Ti(H"O).Cl]2' Cl" -A TiCl, +.1;61.

Violet Green



, on adding alkali to Tir- solution, precipitates Ti.o. which is purple in colour. zr,* andHf. are.unstable in water and exist only as solid cornpounds.

Ticl., is used as a ziegrer - Natra cataryst for making porytrrene and otrrer porymers.
1.2.6 Study of chromium triad :

The chromium group of trarrsition elements corrsists ofchrorniunr. nror-vbderrum and tungsten erements.They form a number of compound, on accorrrt of their severar oxidation states i.e 0 to J-6. The outerelectronic configuration and their oxidation states are given berow

Table2'2The electronic configuratiorr and oxidation states of Chrornium Triad

Oxidation states :

Allthe three elements have oxidation states varying fronr 0 to 6. The rnost stable o.ridation srate forchromium is (+l; ; (+2) is reducing and 1+61 state is rt.ongt-y oxidising. But in case of Mo and w. the (+f 1oxidation state is more stable and (+3) state is strongly reiu"ing This shows trrat with increase in aromic
number, the higher oxidation state becomes more stable while the tower oxidation state becornes less stable.

Reactivity :

The elements have low reactivity at ordinary temperature. chromiuin beconres unreactive o1. purriu.
at lowtemperature due to the formation of oxide layer chrorniurn dissolves in dil HCI and H,so4 giving Crr.ion' lt is insoluble and become passive in HNo., oraquaregia. Molybdenurn.and tungsten do not dissolve indil' Hcl and.HrSoo. Molybdenum reacts initially with ttNo.. at the beginning anjthen beconre passive.
chromium dissolves in ditute alkalies giving chromites. Tlrey do not react rvittr oxygen ar roorn temperature
but on.strong heating clrromium forms Cr,o., while molybdenurn arrd tungsten iorm Mo., type oxides.chromium reacts with halogens to fonn crX. halides while Mo and w fornr-MX^ type halides.

Due to lanthanide contraction. Mo ancl W shows a close similarity in size and properties.

Reactivity of (+3) oxidation state :

Cr3'state is ttre most stable oxidation state of cltronrium and clrornic compounds (Cr-,) are ionic innature. The Cd' ion forms a host of complex compounds.

Eg:

I Cr(HrO)u]3- ; I Cr(NH,)u]'* etc

Electronlc Configuration

rs{nrl3d 4.rl

relKrl 4f Ssl

srlXel af4 si af
Molyb&num, ,o2Mo

-il -t 0 (t) il Itr tv (v) vI

-tt 0 | tr ut IV v-VI
_IIOIIIIIIIVVVI



-^.,o 

^^-nnrrr.rs 01 are known' Mo'3 and w'r dO not exist
ln addition to the above compounds CrX' halides and Cr''

as simple ions. Mo exists in (+.1),:xidatl::TlY:i::i#;;;p""ds which are stowlv oxidized in air

Reactivity of (+6) oxidation state :

These merals form oxides cor. Moo., and wo., corresponding to (+6)oxidation state' All the three

oxides are strongry acidic and crissorv" in a-ii*" NaoH soruiion foiming chromate, cot-u : molybdate'

MoG_n and tungstat",-wo.r , i""1 y: una w ror* stabre riarides MoF,, and wF6 in ('16) oxidation state'

The compou'ds of clrromiu,i,, i 
" 
C't'., ur. ,r,o'q o*iai'i'''g ug"nts' Whiie in Mo and W has little oxidising

nature.

1.2.7 Copper triad - Reactivity of +l'+2 and +3 oxidation states :

Thecoppertriadconsistsofe|ementsnamely.copper'silverandgot.l.|trelarealsoknownas
coinage metars .in"" ii"v ur" ur"a i' making coins. At the three erements have one electron in ns orbital

and comptetety fiiled d (n-t ) d sub shqil. cd;;;J rilver exhibits(+l ) and (+2).oxidalion states while gold

exhibits (+ l ) and (-r-3) oxidarion states. 1+Z 
jstate is very important oxidation statl in copper. (+3) state is the

'rost 
stabre o'e i' gord. In aqueous sorution, copper 

"*i*tr'u, 
cu:- iorr l in (+2) state ; silver as Ag' ion and

gold as AuJ- iott.

Table 2.3 The electrorric configuration and oxidation states of Copper Triad

ffi;#nt*rvt"a i" water' W' compounds are unstable'

Element - Electronh conligurltion Oxidation Sbtcs

(: Cu [Arl3dro 4sl Iltnl
Silvcr, lKrl4dlo 5sr I lr lll
Cold, Au lXel4/la vro6sr I (n) UI

The univalent Cu* and Au* ions undergo disproportionation in their aqueous solutions-'

2Cu* =-: Cu:" -t Crr

3Atl :---: Atl:' -r 2Au

Copper(+ | ) thiocyanate. CuCNS is an example of a stable copper ( | ) compound which is insoluble

in water. ln (+l ) state, most of the compounds of copper are colourless due to tlre presence of cornpletely

filled 3d sub shell.

Reactivity :

The coinage metals are unreactive and they have positive reduction potential values and lrence lie

below hydrogen inlhe electro chemical series. They do not react with water or liberate hydrogen with acids'

The noble character of these metals increases fronr copper to gold. Copper reacts with concenrated HNo',{

and H,SO.. ,r,n \ . att  
3Cu + 8HNO. +2NO + 3Cu (NO., ), +- 4H-O

dilute

Cu + 4HNO, -> Cu (NO.l-t- 2NO^+ H.O

Concentrated



Cu + O: red heat , gug . High temp , Cu.O + g,
Cu and Ag react with H.s and S but Au docs nor.

2Ag t H-s -> Ag.s ll-s
All the three metals react with halogen.s.

the most common and most stabre because of trre extra stabirityion is stable irr both the solid srare and solutioqr but Cu- and Aur
':

2Cu'=Cu:'+Cu

3Au" + Aur- 't- f4u
Cu'r and Au'r compounds that are stable to rvater are complexes. cu.o (basic oxide) is formed bythe reduction of Cu:'( Fehling solution ) with sugars.

cuF is not known' other hatides cu cl. cu Brand cul are fonned by the reaction of cu.o r,r,ithhalogen acids.

cyanidecomplexes havingcu'. Ag' anclAu' are known. Forexample. cuprouscyanide is precipitated
by ad.ding KCN to CuSou solution. The piecipitate dissolves irr excess of KCN to forin complex.

. 2Cui'+ 4CN -+2CuCN r.(CN).

CuCN t. 3CN +[Cu(CN)o]r'

Cyanide complexes of Ag. and Au* ions are formed during the extraction of those metals.

4Au + gCN + 2H,O + 4[Au(CN),]--r- 40H- + o.
Silver forms a number of compounds in (+l; state. But nrcst of the salts are insolubte in water,

:*t:plAgN9r: AgF and AgclQ which are sotuble. AgO is soluble, both in acids as weu as in NaOH. Au.!ion is less stable.

Eg : Au.O : [Au(CN),]-etc.

Reactivity of (+2) state :

The most irnportarrt and stable oxidation state for copper is ( +2y. lts compounds are coloured andparamagnetic due to the presence of orre urrpairecl electrori. Rit cut- compourrds and complexes are blue orgreen in colour.

AgF isastrongoxidisingagentandagoodfluorinatingagentwhichdcci..inosesonheatingtogive
AgF.

Silver' dissolves in conc' HNo3 and in hot conc. H2so4. But gotd is inert to ail acids exceptsaquaregia. Copper reacts with oxygen but silver 
";; g;;J;;;il;

Reactivity of (+l) srare :

(+l) oxidation state would be
resulting from a complete d shell. Ag.
disproportionate in water.



hemistrY of e&[ents -

Ag+2 ion forms more stable complexes'

Eg : [Ag(PYr)"]:-

Reactivity of (+3) oxidation state :

(+3) state is common in case of Au and un comnlon in Cu and Ag'

All the halides. AuX. are known Aucl. can be prepared by heating the elements directly or by

evaporatiirg the solution of gold in aquaregta'

Au + HNO.,--l- HCI + H[AuCl.,1 evaporation , AuCl-.

Au Br, is prepared from elements. and AuF. is prepared by heatirrg Au witlr Br F-,.

1.2.8 Model Questions :

L

2.

J,

4.

Name the elernents of the titanium triad ald give tlreir electronic configuratiol' How would you

account for the (+3) and (-i4) oxidation states of tlte elenrents'

Name the elements included in the clrronrium group of the transition elements' Give the various

oxidation states exhibited by chromium. Which of these is more stable and why ?

Drscuss in detail the various oxidatiorr states exhibited by coinage metals. Discuss the reactivity

of copper in (+l) and (-r2) oxidation states..

Compare tlre elements of second ancl thircl transition series with the first transition r.ri"r.

V.Mangathayaru

Retd. H.O.D.

Deparlment of Chemistry.

M. J. College For Women,

Tenali, Cuntur- (Dt)



UMT- I
l,esson - III

F _ BLOCK BLEMENTS
1.3.1

The f - btock etements are also called the inner transiti.n elements which contain irrcomplete d -sub shell and f - sub shetl' These f - btock etements contairr i.cornplete f - orbitar of the arrtepenurtimateshell( innerto the penuttimate i.e. n- 2) in aodition ro rlt- i".""tprerc d . orbital of the penulrimare shell ( n-' l). The f - block erements are divided into two series nanrery. '
D Lanthanides in which 4fsub sheil is being fiilecr up with erectrons and

ii) Actinides in which 5f sub sheil is fiiled.

i) The lanthanide series :

Lanthanum(atNoorz=5"1)andthenextfourteenelements (z:5g-71) follorvingitarecalted
lanthanides or lanthanones. These l5 etements closely resemble one another which can be explairred on thebasis of their electronic configuration. The configuration of lanthanum is [Xe] 5dr 6s:. In the next fburteenelements, fourteen electrons are added to the empty 4f sub sheil of the lantirunur configuration. In cerium.the first 4felectron is added to the lanthanut 

"onfigrration 
while in Lutetiunr, the fourteenth 4f'electron isadded to lanthanum ccinfiguration. Since the numbeiof electrons in the outermost shell and penultirnate shetlremainsthe same, all the fifteen elements of the lanthanides resemble one another very closely. 4f sub shell

is empty in case of tanthanum while 4f sub shell is comptetety nrreo in case;;i;;,;;;, and hence strictly
according to the definition' the elements from ce to Yb only belong to the f .- block elemenrs. How ever all
the elements from La to Lu have sirnilar physical and cher4icalproperlies.

General propertiee of Lanthanides :

13.2 Electronic Configurotion :

The electronic configuration of the lanthanides is not knowrr exactly. However tlre nrore probable view
is that in lanthanides, 5d orbital remains vacant and the clifferentiating electron enters into the 4f orbitats
excepts in gadolinium ( z = 64 ) where it enters into 5d orbital rvhich retains the stabte 4f, configuration. Atytterbium iYb(Z= 70) since alt the 4forbitats are filled. the differerrtiating electron enters into 5d orbial innext efement lutetium (Z= 7l).The general electronic configuration of thi f-.block elements is" (n - 2) fl.!4,(n - l) s3, (n - l) pu, (n - l) dGr . ns:.



Table 3.1 Electronic configuration of Lanthanides

Ft*tmnlc conllnnrrgtlon
AL Ntr. Elencnt Synbol

()nc vlcw Sccond YleY

tx.t +f sdt 6'l

Ixelql sdt 6?
txclql sdt 6?
W.l i sdt 6?
!x. | 4!r sdt 6]
tx .14 sat oi
lxel4F sdt 6}
txclc sat ol
Ixel af sdt 6s7

ilxcl+f sat af
Itx"t C" sdt 6s:

f txrtdt sdt 6sz

f tx.t Ct gt 6s2

Itx"ttrd'iar ar-?

Itxey$' sdt 612

Wil +l'5.tt 6r'
txcl4l, sdr 612 ot
,\Xel4f 6r'
a.el4f 6.'2

ix.l4 6,2

txelaf 6s2

lx;.;l'Cf 
.612

Itxcl af 6s2

lix"r al 6"
lxa af a?'

f tx"l a/" ol
Itxrl altr 612

Itx't a/' of
f tx"t a/' o?
f 1x.1 /a o?
l{xel +lo sdr 6s2

s7

5a
s9
6()

6l
62

63

a
6s
6
6?

68

69

70
7r

l-anthlnum

C*rium
PrascodYmium
Ncodymium
Prornerlrium
Sarnarium
Eurogium
Gadolinium
Tcrbium

loysgraium
lHolmium

le*lum
lrhutium
lYacrbium
llertctium

Lr

Ca
k
Nd
Pm

Sm

Eu

Gd
Tb
Dy

Ho
Er
Tm
Yb
T:r

Position in Periodic table :

The lanthanide elements are placed in the sixth period ofthe periodic tabJe. The l4 elements between

La and Ho, in which 4f orbitals are being filled are placed at the bottom of the table' These are called

lanthanides because oftheir chemical similarity to lanthanum due to similar eleaffonic configuration in ns and

( n -l ) shells. A similar set of elements in whicir 5f orbitals are being filled are called actinides and are placed

at the bottom uno", t. conesponding ranthanides. rn order to maintain the importance of the periodic law,

these two sets of elerneni, *rt" pfaceA at the bottom of the periodic table'

Oxidation states :

The most common and stable oxidation state ofthe tanthanides is (+3) state. Lanthanum shows only

(+3)oxidationstateobtainedby'ie|ossof6setectronsandtheonlyd_e|ectronandformLa3*ion.The
configuration of Lar* ion is si,nilar to that of xenon which is highly stable. cadolinium ( Gd ) and lutetium (

Lu) alsoform only M3* ions because the removal ofthree electrons gives tlre stable 4fl ( half filled ) and the

sta;b 4fl4 ( completely fillecl ) configurations in the two elements.

In addition to ( +3) oridation state fbw lanthanides also show (+2) and (+4) oxidation states' But,

these (+2) and (+4) oxidation stdtes are rlot common and are unstable in aqueous solution except for ce*4'salts

rikeceric surphate whicrr is used as an oxidisingagent in vorumetric anarysis. These (+2) and (+4) oxidation

states may be explai'ed on the basis of extra stluititv associated with ernpty, half filled or completely filled

4f- sub shell.



Table 3.2 Oxidation states and Outer Electronic configuration of
Lanthanides in various oxidation states.

Ehnrnt Oildrtl,Dr Sble Oulcr Uectroolc Conltcurstion ol
M Mr+ n{}} '\44-

t +3 u' 6sz 5d5ro
Cc r7, +4 4 6t2 4t 6se 4/D 6so
?l r.3. .r'4 4t 6f tf *a r/ 6so
Nd s2. +3. +4 4r, 6f cf cf cf *o al oso
Psi r3 4f 6] .dero
Sm +2, +3 4f 6J $6 6tt' +ts osu
Eu +2, +3 4f 6r'z 4f 6s(' 4f 6st'
Gd +3 qf yt 6sz +f oto
Tb +3, * qf 612 4/t 6.rll ef 6st'
Dt +3,4 4ltu 6t' +f 6-10 .' 41 6rtl
Ho +3 elt 612 4/* 6rt'
El +3 cJ2 6s2 4f | 6st'
Td +2, +3 4lt 6t' 4y'3 6rlt a/2 610
Yb +2. +3 4l' 6.12 +y'4 osll cl3 6c0
LU +3 +faut a? 4/l{ 6s0

Example I

Ce-4.- 4fl

Yb:'.- fi4

Eu:'.- fl

1.3.3 lonic radii - lanthanide cdntraction :

On moving along the tanthanides. from lanthanunr to lutetium. there is a decrease in the size of atorn
and ions, with increase in atornic number. This steady decrease in size is called lanthanide contraction.

Cause of lanthenide contraction :

As we know. in lanthanides the differentiating electron enters into 4f - sub shell. The strietding
effect of 4f electrons is very small ( imperfect), being even smaller than that of d - electrons in d -.block
elements. With increase in atomic number, there is increase in nuclear clrarge but no comparable increase in
the shielding effect of 4f electrons occurs. This causes a condtraction in the size of 4f - sub shell and hence
the atomic and ionic size decreases from La to Lu i.e. from l.06Ao ( Lat") to 0.854" ( Lut').Thus lanthanum
has the larger size while lutetium has the smallest size.

Though the decrease in size is continuous but,Rot regular. This decrease is nrore in first six etements
than in the next subsequent elements.



Conrequcncct of lenthanide contraction :

The conrcquetrces of hnthenides contrlction gre rs follows : :

i) Occurrence ofyttrium ( transitions element ) with heavier lanthanides. The size ofynriirm
is comparable to that of heavier tanthanide ions. i.e. Tbl'.Dyl", Ho3* and Ed*. Hence yttrium,

occurs in natural minerals along with the heavier lanthanide ions. Since the compounds of
ytrium are closely related in the crystal structurs and chemical properties to the compounds

of heavier lanthanides. the laner ar€ commonly known as yttrium earths.

iD Basicity ditfenenoc : The basic nature ofthe oxides and hydroxides of lanthanides decreases

with increasc in atomic number. Thus Lr (OH)3 is most basic while Lu(OH), is least basic.

This can be explained on the basis of lanthanide contraction., The regular decrcase in the

size of lanthanide'ions increases the covatent character between the lanthaniderion and

hydroxide ion which in turn reduces the basic character of the lanthanide hydroxides.

iii) Anemolous behaviour of post - lanthenides : Thg elernents following the lanthanides,

i.e. the etements ofthird transitional series are called post - lanthanidq.elements. Lanthanide

contraction affects the properties like atomic and ionic radii of post - lanthanide elements.

Atomic rnd ionic redii 6f post - tanthanides i.e. similarities in properties among the corresPonding
menbcrr of rccond and third transition series :

Generally in a sub group the atomic radii increases on moving down a group with increase in atomic
number. Forexample, there is gradual increase in atomic radii, in lll Agroup from Se to La. ln a similarway,
thcrp must be incrpasc from Ti toZr ( IVA) : V to Nb (VA) and so on. But actually, it is not observed in the
corresponding groups. In other words, the transitional elenrents ( lll Series ) following the lanthanides have
the sanre atomic and ionic sizes as the corresponding elements present just above them. in their sub groups.

Table 3.3 Atomic (Covalent) Radii of Elements Precedingand Following Lanthanides.

2l

Sc

t'u

22

TI

r'32

23

v
t'22

21

Cr

l'17

25

Mo

t.l?

43

Tc

26

Fc

I '17

44

Ru

l'u

27

Co

r'16

45

Rb

r.25

28

NI

r'15

39

Y

r'62

40

Zr

l'45

.tl

Nb

l'34

42

Mo

t.29

46

Pd

t'28

szlslFTlzz 7t

Ta

1.34

74

w
t'30

75

Ro

l'28

76

Os

t'26

77 78

IJ
t.69

Hf
l'44

lrPt
1.26 1.29

l{ IraLoldcr
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' 13.4 Colour and spectra, f - f transition :

Trivalent ions of some lanthanides are coloured in the solid state:!s well as in aqueous solution.
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The colour of the ions depend upon the number of f - electrons. The 4f orbitals are the main source
ofcolour. Colour is due to light absorption from the visible region of tlre spectrum and hence the bands in the
absorption sPectra arise from the electronic transition wittrin the 4f - level i.e f-f transition. The most
important characteristic feature of the spectra of the tripositive lanttranide ions is tt" s6"rpi"rr;;;
individual bands. Many of these bands are line - like which is due to the fact that the 4f orbitals are
effectively shielded by 5s3 and 5P6 orbitals and hence the absorption bands aiises merety f..-.i;;;;i;
transitions with in the 4f- level.

1.3.5 Magnetic properties - paramagnetism :

As we ktrow that diamirgnetisnr in an ion is due to the presence of paired electro^: -...!riie
paramagnetism arises rvlren an atom : ion or moleiule contains unpaired electrons.

. La3" (4P) and Lur-.1 4pn; ions are dianra-tnetic while the rest of ttre trivalent lanthanide ions are
paratiagnetic' Since the 4felectrons are wetl shielded by thg overlying 5s and 5p electrons. it is not possible
to explain their magnetic moments in terms of the number of urrpaird electrons alone. The orbitalcontribution
which rvas ignored in the case of d - block elements, can not-be ignored in the case of f - block elements.
Henc0 in 4f elements magnetic moments rnust be calculated taking both spin and orbitalcontributions into
rccouht.

lJ.6 Complexation - Type of donor'ligands preferred :

Though lanthanide ions have high charge ( +3) : because of their large size, they posses tow charge
density and hence they can not cause nruch polarization and consequently they do not lia*e much tendencv

Table 3.4 Colours of Lanthanide lons



to form complexes. They form stable complexes with chetating oxygen ligands such as EDTA ; oxalic acid;

- diketones ; Oximes etc. The tendency to form complexes and their stability increases with irrcrease in

#;:ffiLJlint"r"oroperty is used in the separation of lanthanides from one another' complexes with

monodentate ligands are'less stable than the chelates and tend tb dissociate in aqueous solution' Fluoride

complexes are formed by the smaller ions- chloride complexes are not fbrmed in aqueous media or conc

UCl. fney do not form complexes with n bonding ligands'

1.3.7 ReactivitY of lanthanides :

' 
Since all the lanthanides have similar electronic configuration, they have close similarity in their

chernical properties which is even more than that of transitional elements. The reasons for it is

i) the 4f electrons of lanthanides are very,effectively shielded by the overlying 5s, 5p and 6s

electrons and

ii) due to tantlranide contraction. there is very little difference (rnaximum 0'2 | ) among the size

ofthe trivalent lanthanide ions. Thus. lanthanides are highly electropositive and very reactive

in nature.

l.They are silvery white metals. tarnish on exposure to air.

2.They dissolve readily in cold water liberating hydrogen'

3.They react with hydrogen forrnirrg non - stoichiometric hydrides eg : LnH-^ and LnH.,.

4.They react with nitrogen fonning corresponding nitride. Ln N.

5.They react witlt acids liberating H,.

Occurrence :

The lantlranides were originally called rare earth elements because of their occurrence in o'xide

mixtures. The term tanthanide is taken to include tanthanum itself which is the prototype for succeedin-g

fourteen elements. The major sounce is monazite sand, the intportant mineral which is a lanthanide

orthophosphate, containing lanthanides. Promethium occurs only in uranium ores.

1.3.8 Separation of l,anthanides :

Tlre prope'ties of rnetal ions are determined by their size and charge. Since all tlre lanthanides carry

same charge t.e. rr ipos a qnd lrave alrnost same size. tliey are sirnilar in their properties whiclr makes the

separation of lanthanides very u,ii.,, L 
"dr based on fhe slight differences in their solubility, hydration.

complex formation. basic properties have beeu r,".- . -..ration of laitthanidbs. The slight difference in

the above properties is due to the slight dift'erence in the size ot tlrs,, ..' ^ror',r iotls.

Ion exchange method :

This is the lnost useful method for separation of lanthanides. The solution containing trivalent lanthanide

ions is passed through an ion exchange column containing synthetic resin with acidic functional groups like

- COOH or SO.H. The hydrogen ion of the resin are replaced by the trivalent rnetal ions.

M3* + H - (Resin) +M - ( Resin), + 3H*



)-

In order to recover the lanthanides ions fixed on to the resin. the column is eluted with a citric acid
ilT#:fffr,:,,T:,:",:|i:fl,1||.::i,.:1,,:n "*.F"! iiFL; the resin are dispraced by the amrnoniu,'ion s n rst wh i r e those wh i c h are bound n'; rr ;;;;r"p #ffi. :il#ffi ff ;,il'irfiTlffi ilT#l:fixed to the resin decreases from Ln'' ,J frt-. Thus r-u"r is eluied first whire Lar- is etuted rast.

3NH4' + M - (Resin). ->3NH. - Resirr + Mr-
The finnness with which the lanthanide ibn is attached to the ion exchange cotumnidepends on itssize' Thus sntaller the size' greater is its firrnness. when the metal ions are etrted iut of the column, fornr acomplex wirh the citrate iorrs.

M3- + Citrate ions +M-Citrate complex

lSoivent extraction method :

solvent extraction method is based on the s.light difference present in the partition coefficients of thesaltsofthe lanthanides between waterand orgarric solvents. Forexamplg ttr" pa.tliiln coefficientof cd(Nor).,between water and normat butyl alcohol ii t.oo times greatlr trran that of,Ln (No.). .This means rhargdqoJt can be separated from Lrr(No.,), by repeated ''Itraction with **", r,.o,n u iolurion of tlrese saltsin n-butylalcohol.

,1.3.9 Chemistry of actinides :

The elements from Actenium ( at no :89 ) to Lawrenciun (at.No : 103 ) are called actinides. Theouterelectronicconfiguration ofactinium is6dtTs:. justas in lanthanideswhereihe""6;;rl;#;"';;;
shell is filled successively by addition of one electron at a time, in actinides th" uni"pgnultimate 5f sub shell
is filled successively by the addition of oneelectron at each step. Just as Lanthanuri i, ttr" proto,vp" oiii"
lanthanides' actinium is the prototype of actinides. Lanthanides constitut", irt. nrri l*", *ansitional series
while aclinides constitutes the second innertransitional series. Since. in actinides 

"ko, 
,i 

" 
number of electrons

in the outermost and penultimate shelts remains samer they have close similarit;;;"i. properties.

Electronic configuration :

There is some uncertaintiy regarding the outer electronic configuration of these elements. There is
a doubt, whether thorium, protactinium and uranium contain the differentating etect.on in the 5f orbital or 6dorbital' It has been suggested' that in tlrese elements. the additionalelectrons enter into 6d sub shell and the
actual entry into 5f sub shell begins only after uranium and hence the elements rothwing uranium in which
the 5f-orbitals are definitely being fitled are called uranides. The general electroni..";fi;;i;;;;;u;;
is [Rn] 5fi''4 6do-t 7s2. Accepting the view that entry of electrons in the 5f sub shell begins with thoriunr, the
probable electronic configuration of these etements are give below. a



Table 3.5 Parbable Electronic Cofiguration of Actinides

ElatrHt

ActiEiutD
TboriuE
Prottctinlrro
lJraoium
Ncprunlum
Plutoolu@
Am€ricium
Curium
Eerkeylitm
Californium
Eiastoiniuru
Fcrmirm
MoDdcleviusr;
Nobclluo
IrwretrciurD

Symbo!
l
i

}{aomic
n{rnltcr '

Electronl!'
soafrgurltions

Ac
Th
P.
t
Np
Pu

ATD
''Cm

f}K

cf
Es

Fm
Md
No
Lr

a9

9(l

9l
9?

93

[RrrJ 6dr 7sr

[Rn] lld &t7sz
tRa) 5/3 6dt 7t2

fnnl 5/t &!r itz
tRnl 5/'Hr 7s2

[Rn] 5/6 6dL ist
rRnl 5/? &lo 7sz

[RnI 5/? 6A 7s'

[Rnl 5/r dr 7s'

[Rnl 5Jno6,-rt "s
[Ro] 5/116.10 7rl
lRol 5fl6ao ir3
[Rn] 5/r"6y'o ?Jr

[Rn] 5Jrr{6do 7Jr

[Rn) 51nr57rr 7nr

94

95

96

97

98

99

loo
rol
ll'2
l(}3

Oxidation states :

Unlike the lanthanides, actinides show a variety ofoxidation states. Uranium shows oxidation states

frrom (+3) to (+6) in a number of compounds. The most stable oxidation state in actinides is (+3). Np and Pu

shows oxidation states i.e. from (+3) to (+ 7) Th and Pu shows (+4) oxidation state: No shows (+2) state and

pa and Np shows (+5). Curium shows only (+3) oxidation state due to stable configuration of the half filled

5f sub shell.

Table 3.6 Oxidation states ofActinides

Oxidatloir
atqtc|'El.oEot

JtctiDiuD
:fboriDD
Plot cttnlurrr
IJrrolum
Ncprunlurn
Plutonlutrr
Arrroriciurn
CUrium
Iterkeyliuot
Califrrrnium
Einstciniunr
Fcrrniurn
Ivleodoleviurn
Nobcllum
L-wrcDciuE

t,
N9
Pu
Ar|
Cm
BK

cf
Es

Frt|
rvd
No
Lr

9l
92

9:t

9'4

95
96
97

9A

99
lo{)
tol
tv2
l{,3

-l-3

+4,
{-5
{-3,
.-F3,
-F3.
{.3,
-t-3,

+3,
J-3
-f -1

-t3
-|-3

(+3)
,(-r-3). (-F4)'
+4, {-5, -{-6

-F4, -t-5, +-6
J-4, +-r, -i.6
({-4). -f5, {-
(-f 4)
-|-4



The ionic radii ofactinides decreases along the series. This decrease in ionic radii. known as actinidecontnaction is due to the poor shielding effect of ile nu"t""i 
"t "rge 

by the Sfelec*ons.
Colour:

' Most of the actinide ions are coloured and the cotour is due to the presence of unpairecl electrons.
For example Ua* ions are green i.4 colour : U.., is rod and u Oi- is yefiow.

Complex formrtion :

Actinides have a geater tendency to form complexes,and the degree ofcomplex formation decrcasesin the followingorder.

"t.t 
MO]* t Yn> MOi

They form comprexes with cherates rike bDTA: oximes erc.

13.10 Comprriron of lanthanides with Actinides :

In both the series' f- orbitals are being filled and hence they resembte each other. Due ro differencein the binding enerry of4f electrons and 5f eiectrons, ii;v 
"r" Jiffer from each other.

Rcsemblence between lanthanides and actinides :

l. In both the series the predominant oxidation state is +J.

2. f-orbitals are being filled.

3' Both show decrease in ionic radii with incrcase in atomic number i.e. contraction in size.

2' Binding energies of 4f ' orbitals are very high Binding energies of 4f - orbitals are lower
3' 4f 'clectrons have greater shielding effect 5f - electrons have poor shielding effect.
4. Exccp Promethium all are non - radio active All are radio active.

5' In lrnthanides maximum oxidation state is Actinides exhibit higheroxidation states
state is +4. eg Ce+4 +4 : +5 ; +6 and +7.

Lanthanides

l. Electrons arc successively added to the
4fsub shell

6. Theydo not form complexes eaiily

7. The compounds are weakly basic.

E. They do not form oxocations.

9. -Most of thc trivalent ions arc colourless.

Actinides

Electrons are successivety added to the
5f sub shell.

They form complexes easily.

'The ccirnpounds are more basic.

The,r' form oxocations I ike

UO;. ; UO+; NpOl etc.

Trivalent and tetravatent ions are cotoured.



l:3.11 Model Questions :

l.whataref-blockelements?whyaretheysocalled?Discussthepositionoflanthanidesinthe
Periodic table'

2. write notes on lanthanide contraction. what are its important consequences ?

3. What are inner transition elements ? Give the differences of lanthanides ond nslinides'

4.Give.thegenera|etectronicconfigurationof|anthanides'Explaintheoxidationstatesof
lanthanides.

5. What are inner transition elements ? How are tlrey classified '? Why are they placed separately

at the bottom of the periodic table'

6. Why is the separation of the lantlranides so difficult ? Discuss the ion exchange method'

7 . What are actinides ? Discuss tlre position of actinides in the pericidic table. Compare and contrast

lanthanides and actinides.
V.Mangathayaru

Retd. H.O.D.

Department of Chemistry,

J. M' J' College For Women'

Tenali, Guntur- (Dt)



UNIT- I

Lesson - IV

Metals - Theories of bonding in metals
1.4.1

Elements have been divided into metals and non- metals on the basis of the difference in theirphysical and chemical properties. The division. however is not sharp as therc are many exceptions to mostof their properties. There are some metalloids also.Metals are characterised by the following physical
properties.

l.Metals have a characteristic nretallic lustre. They are shiny and highly reflective.

2.They are generally hard and have liigh density ( exception - alkali metals are soft )
3'They have high melting points and boiling points ( exception) Sodium and potassium have low

melting poinrs and mercury has low boiling point.

4.They are good conductors of heat and electricity.

5.They are malleable and ductile ( exceptions-- Al. Bi and Sb )'Ihey can be drarvn inro tliir slreets
and wires.

6.They have high elasticity.

7.Tney are generally electropositive in naturc.

8.They exhibit high coordination nunrbers of 8 or 12. l'heir crystal structures are always cubic close
packed :hexagonal close packed or body centred cube.

9.They form alloys,

1.4.2 Theories of bonding :

Metallic elements exhibit coordination number 8 or 12. Each atorn is surrounded 8 or l2 other atoms.
Therefore, the atoms in a metallic elements can not be held by covalent bonds because they do not lrave
sufficient number of electrons in their valency shells. The atoms in a metallic element are atso cannot be
held by ionic bond, as tlre atoms in a metatlic crystatare alike and lrence the transfer of electron from one
atom to another atom is highly unlikely. Hence atoms in a metal atorrl are believed to be held toget6er by a
special type of bond knorvrr as rnetallic bond. The nature of nretallic boncl is explairred on the basis of
thec'ries namely free electron theory : Valence borrd theory and molecular orbital oi- band theorv.

l. Free elecfron thcory :

Drude and Lorentz put forward a theory knorvn as free electron theor,v to explain the high electrical
and thermal corrdr'rctivities of rnetals. They suggested that on accounr of low iorrisaiio;r 

'energiel 
of nretals,

somc of tnc atoms lose one or nlore of their valencv electrclns and change into positive ions o-r cations. The
electrons lost by metal atoms in this manner are not locafiz.ed i.e. they are nrobile arrcl move fieely through

..out the volume of the rnetal and keep the positively.char.ued.itus helcl tosetlrcr.



There fore, a metal may be regarded as an assembly of positive ions ( M- ions) immersed in asea of

mobile erectrons. The strong atractive force binds a metar ion to a number of erectrons. its sphere within its
^^-^ararl with the

$?l#;iffiffi'1"rilff";;;;ri;';"0. ir,e movement orthe electrons can be compared with the

!L morccutes. Hence the theory is also known as olectron gas theory',

Explanation of metallic propertics i.e. thermal rnd electrical conductivities of nretals :

The high electricat conductivity of metals is due to the presence of the mobile valency electrons'

They move freely in an electric field and this conduct electricil-v through out the metal' The high thermal

conductivity of metals is also due to the presence of mobile electrons' When a metal is heated from one end

; the electrons acquire a large amount of kinetic enerry and being mobile' they move iastly through the

crystal and conduct heat to other parts ofthe metal'

Draw backs of the theorY :

Although the theory explains many of the propertiesof metals. no satisfactory explanation was

given about semi conductance and the spe;:ific heats of metals. The theory can not explain the large variations

in properties of certain metals. For example metals like sodium and?otassium are so soft that they can be

"ui"urity 
with a knife. Mercury melts at a very low temperature - 39oc.

2. Valeirce bond theorY :

The valence bond theory or resonance theory was proposed by pauling. According to this th3or_V'

the bonding in metals resembles the covalent bond and exists resonance between the various bonds. ln

metals, 
"..h 

uto* is surrounded by 8 or l2 other atoms. The metal does not possess sufficient number of

valence electrons for the formation of covalent bonds between its-lf and the other atoms surrounding it.

Consider lithium as an example. Each tithium atom has one vaiency electron and lithium crystallizes

in a body centred cubic lattice wheie each lithium atom is surrounded by 8 other atoms. The number of
efectroni required is l6 ( 8 xi = l6 ) for the formation of tocalized covalent bonds between 9 lithium atoms

( i.e. Centrai litt iu|n atom and the surrounding 8 lithiurn atoms. ) Paulirrg explained the discrepancy on the

basis that the covalent bond formed between t*o atonrs is not localized but is highly delcoalised due to

resonance. ln other words the covalent bond formed between two litlrium atoms resollate between various.

atoms in the metalcrystal.

Li-Li- u+Li-Li
(--)

Li-Li
0

uLi
(it

e-+ I

Li+ Li

(iit
Li---Li

$a)

Liurl
u

(-+ | etc.

Each lithium atom consists of only one valency electron and hence it can not form covalent bond

with more than one atom. So. whenever a bond formed between two atorlrs. it is accompanied by simglgqeous

shiftingof.the other bond formed between two oiheratonrs. The phenomena is known as syncfrronized

,oon"i"a. Stability increases with increase in resonanating structures. Sincea number.of above strug'ture.$

are possible it accounts for the stability of metals. S.isonating structures leading to iottic'forms can also be



formed, when a bond betrveen two atoms shifts to the other place, without simultaneous shifting of the bond
Presentalready in that place. Such resonance seen in ionic structures is catted unsynchronised resonance.
The existence of ionic fotms Li+ and Li-. is possible because of the slight differenc! in the energy of the 2s
and 2P orbials. An electron from 2S orbital ofone atom can easily geitransferred to a vacant 2p orbital of
anotheratom to form l.i- ion.

Expbnetion of metallic properties :

Valenpe bond theory explains the properties of metals basing on the.fact of delocalisation ofetectrons
in metals.

Mctrllic lustre :

When light falls on surface of the metals. the energy is absorbed by tlre valency electrons and get
excited into qearest higher orbital. When returned to original state. these'electrons ernit this absorbed energy
in the form of visible light which is responsible for the metallic lustre.

Electrical conductivity :

The elecbons in a metallic bond are delocalized and are free to move. The free movement of thcse
mobile electrons is responsible for the electrical conductivity of metals.

Thcrmrl conductivity :

The thermal conductivity in metals is due to mobile electrons. When temperature is raised these

mobile clecfons absorb energy at one end and pass it through out the crystal. This explains thermal conductivity
of metals.

Melleability and ductiliQ' :

When hammered or some energ/ is applied on the surface of the metat. the atonts orcations of one

layerwill be slippingover atoms orcations ofother layer. lt is responsibte- for high rnalleability and ductility
of metal. The shape is changed without breakilg the crystal. '

Elesticity of metals :

When a stress is applied, the structure will change for a moment and restore back, rvhen stress is

rembve{l..This explains the highly elastic nature of metals.

Limitrtiois :

Ttpugh the resonanse th6ory provides explanation fbrthe properties of metats. it fails to explain the

same quaniitatively. lt also fails to explain the metallic character in molten state or in solution.

Molccular orbital theory or ben<l theory of metals :

According to this theory, metal is a big molecule and molecular orbitals obtained by mixing of the

orbitals of the indiVidual atoms cover the entire metal. According to inolecular orbital theory, combination of
two atomic orbitals leads to the formation of two molecular orbitals. one molecular orbital is of lower energy

and the other is of higher enerry than that of th-e atomic orbitals. In metallic crystal lattice. the metal atoms

are in a very large number and the difference in the energy between the various molecular oibitals is very

small which results in.the formation of closely spaced energy levels cblled bands. In such bands there are

gaps rvhicbTefip"lentenergies in which electrons cannot be presertt. Such gaps are called for bidden bands.
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The overlapping of energy bands will also occur in some cases. The extent of'overlapping depends on the
inter nuclear distance. The filling up of these bands and the width of the for,bidderr bands explains whether
the given metal is conductor. insulator or semiconductor.

Let us consider lithium as an example. tts electronic corrfigumtion is lSr 2Sr 2P".\-
i) I S atornic orbital is completety filled so the bancl forrned by I S atomic orbital is narrow

and non conducting,

iD 25 orbitat is half filled. The upper half ol'the band is enrpt-v while the lorver haif is
completely filled. The 25 levels are very close arrd hence tlre electron can go from lower ,

half to upper half of the electrort band even ar orclirrary. tenlperature. Hence ?S band is
conductive.

iii) The enerry gap between lS and 25 bands is very'large so that tlre electrons from lS
band can not jump into 25 band. l'lre energ-v gap is called for bidden zone.

Atomic
o;bitals

Molecrlar
orbitals Empty

levels

Occrjied
levels

lsolaled alom

(b) Mcrollic mlccllar olbirds for
bcrylliunr sholing ovcdappiag bands.



iv) 2P atomic orbital is empty and hence 2P orbital band is also enrpty. The energy gap
between 25 band and2P band is not muc,h. Hence electron from 25 band can jump into
2P band easily. The Zone is known as semi conduction band.

v) The maximum number of electrons per band can be calculated depending uporr the
maximum number of electrons that can be present in a particular atomic orbital.

The molecular orbitals extend in tlrree dinrensions over all the atonrs in the crystal. Hence electrons
have a high degree of mobility which explains the high thetmal and electrical conductivity of metals.

1.4.3 Conductors, Semi conductors and insulators :

. In metallic conductors. the valence band is either partly filled or it overlaps the conduction barrds. So
there is no sigrrificant gap between filled and unfilled molecular orbitals. perturbatior'r can occur readily.
Metals are very good conductors and the conductivity decreases with rise in temperature. When an electric
field is applied to a metal, the electron present in half filled energy band jurnps into higher zone ofthe same
band and hence conductiorr occurs in it.

Eg: metals

In insulators i.e. non metals. the valencv band is completely filled. so perturbation with in the band is
not possible. In other words. the electrons present in cornpletely filled band do not have sufficient energy to
cross the for bidden zone and jump into next higher energy band. Hence. insulators do not conduct electricity.

Eg : Most of the organic ( excepts graphite ) In semi conductors. the energy gap between adjuscent
bands is sufficiently srnaU for thermal energy, a small number of electrons are promoted from the completely
filled valency band to tlre ernpty conduction band. Now, the unpaired etectron left in the valency band can
conduct electricity. Since the probability of promoting electron rises with temperature. the conductivity of
semiconductors increases with rise in temperature. The elecrical conductivity of a semi conductors is in
between conductors and insulators. Semiconductors are those solids which are perfect insulators at absolute
zero but conduct electric current at room temperature

Eg : Silicon and Germanium semiconductors are of two types rramely intrinsic semiconductors and

extrinsic semi conductors. Intrinsic conduction can be introduced in the crystal with out adding any external
substance. lntrinsic semi conductors are poor conductors at ordinary temperature but conduction increases
witlr rise in temperature. Due to increase in temperature. tlre electron cross the for bidden zone and lrence
conductivity increases.

Eg: Silicon and Gennanium.

When a small amount of impurity is added, extrinsic semiconductors are forrned due to irnpurity
defects. Addition of group l5 and group l3 elements to the crystal lattice of group l4 elements

Eg : Silicon or germanium produces n- type and P-type semi conductors. ln n - type semiconductors
the element. Eg : Arsenic added as irnpurity contain nrore valency electrons than tlre parent element i.e.

Germanium and thus the extra electron can serve to conduct electricity. Hence germanium containing traces
ofarsenic known as arsenic doped germanium slrows high electricalconductivity.

ln P - type serni conductors. the element added as impurity E.g. horon has less valency electrons
than the parent elernent. Eg : Cerrnaniurn gives rise to electron. Vacancies known as positive holes and
when electric field is applied. adjuscent electroirs nrove Ir:to the positive hotes. Thus doping of gerntaniurn
with snrall traces of boron element increases thb eleclr'c; conductivitv of germanium. Since. current is



carried by positive holes. it is known as P - type conduction. Conductivitl of serniconductors increases with
rise in temperature.

Semiconductors are used in transistors and in exposure metals as photo electric devices. Combination
of P- and n- type semiconductors known as P-n.iunction known as rectiljer used for converting alternating
current to direct current.

1.4.4 General methods involvcd in extraction of mctals :

Metals occur in nature in two fonns namely free state arrd conrbined state. Very few metals occur
in nature in native form i.e. occur in the free or elementary state.

Eg: Gold. platinum. Silver. mercuryetc.

Most of the metals occur in combined state. These metals occur in nature in the forrn of conrpounds
like oxides, carbonates. halides. sulphides. sulphates etc.

Examples :

()xides - Manganese as pyrolusite (MnO.) Aluminium as bauxite ( Al,O, . 2H.O) and iron as
magnetite ( Fe.,O.).

Carbonates - zinc as calaminc'( ZnCO,) :Calciurn as linre stone ( CaCO.): Magnesium as rnagnesite
(MgCO.).

Halides - Silver as horn silver ( AgCt ) : Sodiurn as conlrnon salt (NaCl) : Magnesiurn as
carnallite (KCl. MgCl" : 6H.O)

Sulphides- Lead as galena (Pbs) : Zinc as Zinc blende ( ZnS): Copper as Copper pyrites (
CuFeS.).

Sulphates- Calcium as gypsum ( CaSO.,.2H.O): Magnesium as Epson salt ( MgSO..7H,O)
etc.

The compounds of metals occur in the earth's crust along with a rock1, arrd other impurities are
called as minerals.

A minerat from which a metal can be profitably extracted is called an ore. ln general. hll ores are
minerals but all minerals are uot ores.

1.4.5 Metallurgv :

Extraction of metals frorn their ores : the pr.ocess is callecl rnetallurgv. ln the extractiorr of metals in
pure form from their ores, the following steps ale carried out.

i) Concenration or dressing of the ore.

ii) Treatment of the concentrated ore.,

iii) Purification of rnetal.



Conccntration of the ore , -
The ore orthe metat in native form consists olseveral earth-v impurities like sand. gravet etc. known

as ma'rix or gangue. The removat of gangue from its ore is called ore dressing or concentration of the ore.

The various methods used for concentration of the ore are as follorvs.

l) Iland Picking :

The ore can be separated from the main stock by simple hand picking and then removing
the rocky material by breaking with a hammer.

2) Electromrgnetic seperation :

lf the impurities present in the ore are magnetic in nature, they are separated by
electromagnetic separation. The magnetic separator consists of a leather belt moving over two
rollers, out of which one is magnetic. The powdered ore is dropped on the belt at one r.:nd and at tlre

other end the rnagnetic impurity of the ore is attracted and falls nearer the magnetic roller in the

fbrm of a heap.

A Magnetic Separator

Ex : Ferromf,gnetic ores such as Fe.,Oo : tin stone an ore of tirr containing wolfrarnite FeWOn as a

magnetic impurity.

3) Gnvity scparation :

The ore can be concentrated by considering the specific gravities of rnetallic ore and earthy

impurities. The ore is washed with a running stream of water. The heavy ore particles settles down

while the gangue is washed away. There are two methods of gravity separation'

i) Willley table:

The powdered ore is carried by a stream of water over rvilfley table. lt is d wooden table

having a slanting floor on which long wooden strips Oalled riflles are fixed. The powdered

ore is waslred with a stream of water on the slanting floor. The particles of the ore are

obstructed by the riffles while the lighter particles of gangue are washed away.



l|#4 Paste of Poriteredas

Fig :

The ore particles collected in the riff'les move to one side as a result of rockirrg motion of the table
and are collected

Ex a: oxides ore like haernatite ( Fe.O.) ancl tin stone ( SnO.)

ii) Hydraulic classifier method : 'r

Finell'powdered ore is taken in the conical reservoir called hyclranlic classifier. A stream of
water is allowed to florv from the bottom of the reservoir. The gangue parlicles are carried
away by the u,ater and the heavy ore settles at the apex of the cone.

4) Leaching method " ;

The po*'dered ore is treated witlr a suitable reagent rvlrich dissolves only the ore in it.
Example. The ore of aluminium. bauxite contains iron oxide and silicates as impurities."Bauxite,
when treated with a hot solutiorr of NaOH at l50oc only Al-O- dissolves. leaving the irnpurities.

5) Froth flotation process

This rnethod is used for the concentration of sulplride-ores. The finely'powdered ore is to be
taken in a tank filled u ith water to rvhich a snrall anrount of pine oil or eualyplus oil is added, which
acts as frothers. A srnall quantity of potassiurn ethyl X anthate coats the surface of ore particles is
also added. The whole rtrass is agitated violently with air, when frotlr is fonned.
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Froth flotation process

The ore pqrticJes get pref€rentially wetted by the oil while the gangue is wetted by warer.
The oil rises to the top along with froth. leaving the gaigue beh ind. The froth. overflows into anorher
tank where tlre ore settles after some time.

Examples : Sulphide ores of leacl. Zinc, Copper etc are corrcentrated bv this rnethod.

1.4.6 Treatment of the cenqQntrated ore :
Calcination :

It is the proqess of heating the ore strongty in the absence of air without melting it. The organic
matter, volatile impurities and moisture are expelled and thus the remaining mass becomes porous, Calcinatibrr
is also used to remove water fi'om hydrated oxid.e or carbon dioxide.fronr a carbouate ore.

Zn CQ., A, ,ZnO 1-CO,

Calamirre
. '':;

At,o".2H.O a >At.O. + 2H"O

Bauxite

MgCO., A 
> MgO -r CO,

Magnesite

Calcination is generally done in a reverberatory funtace.

6AN6UI



Rmsting:

It is a process of heating the ore strongly beloy its melting point in the presence of air in order to

bring about is oxidation. org8nic matter. notatie impurities. areremoved. Non metailic impurities like s. As

etc are oxidized and remov; as oxides. rnu p.""L is generally rrsed in the case of sulphide ores and is

carried out in a reverberatory furnace or in a blast f'unrace'

ZZns + 30. + 2ZnO + 2SO- 1

2PbS+3C), +2Pbo+2so..

2 CuFeS. 1' 30: 4 Cu.S+ 2FeS + So:

1.4.7 Reduction of Oiide to the metal :

The calcined or roasted ore is then reduced to metal usi4g various tyP€s of reducing agents depending

upon the nature ofthe ore.

f) Smelting:

It is the prccess in which the oxides of mdtals like Zn. Pb. Fe etc. when mixed with carbon are reduced

to metals by heating to a higher temperature in the presence of a flux. The flux reacts with the impurities

( gangue ) to from easily fusible slag.

Fe.O. + 3C -> 2Fe + 3CO

Fe.O. + 3CO -+2Fe + 3C9:

Lime stone decomposcs to give calcium oxide which sombinesrvith silica to fornr calcium silicate'

CaCO., A ,CaO 1CO:

CaOr SiO. + Ca SiO.

Smelting is generally carried out in a blast furnace or a reverberatory funrace.

Flux:
'The 

ore even after concentration. contain some gangue (earthy matter as impurity) which is to be

removed. There are certain substances which when mixed with furnace charge and heated. combine with

gangue to form a fusible material insoluble in the molten metal. Such a substance is called as flux. The type

of flu* used depends upon the nature of the impurity to be removed.

i) Acidic Oux : it is used when the gangue is basic i.e. impurities like CaO and other metallic

oxides. Eg : Silica : borax etc-

Ca O r SiO. -> Ca SiO.

Gangue Flux slag.



ii) B$ic llur : Eg : lime.slone. magnesite. haematite etc. These:.basic fluxes are diedwli€n thegangue is acidic impurities like silica and silicates.

SiO.+MgCO, J MgSiOli,,,, ..,
Gangue Flux slag. :.: : .

Auto - rrcduction or self reduction :

In some cases. no reducing agent is required. The sulphides of less active metals like Hg ; cu andPbare unstable to heat- A part ortni sulphidb ore is co,r"erted to the oxide which then reacts with theremaining part to give the metal and SO^.

Eg: Copper

2Cu.S 130,+2Cu.O + 2SO:

2Cu,O + Cu.,S -) 6Cu 1- SO:

In Some cases the ore is converted into metallic state during roasting.

Eg: Mercury

Alrnimtlernric reduction:

GlodrcLmidts eluminotherm ic

HgS + O.* Hg + SO-

.

process:

Oddes of metals liko chromiunt, manganese, iron which cannot be easity reduced rvith car.bon are
rcduccd with aluminium powder which acts as reducing agent. the ciraige consists "i";il;orrn.mctrllic oxide, and aluminium powder known as therrnite is taken in a steel crucible and covered with an
ignition mixture of magnesium powder and barium peroxide. rhe ctrarge ir lg"i"J iv ";;;,r"r#'"' 

'"
ribbon. The reaction is highly exothennic and the heat produced is sufficient to rnelt the metal. The(prooess is used in thermite welding.

Fe.O.,+ 2Al -+ AlP. + 2Fe + Hear' '

Cr"O.+ 2Al --) Al.O, + 2Crr Heat

lgnition nTixture t{g ribltort

(Mg + BaO2) Fireclay
crucible

flrermit

.iat. FnQ)
Mag,rpsilq

?__':;: 
"s 

p,uQ

Goklsruidl's Process



Ilydro metallurgt or Precipitetion :

This method is based on the fact that morc electropositive metal displaces the less electro positive metal

from its salt solution. ii" or" i! dissolved in a suitable solvent and then the metal is precipitated by adding

a more ercctropositive-mear. Thus argentrt" els. sirver ore is dissorved in sodium cya'ide to give a

"orptt* 
salt fiom which silver is obtained by adding zinc'

Ag.S'r'4 Na CN $2Na [Ag(CN)']'t-Na"S

Soditrnr argento cYanide

2Na tAe(cN),] + Zn $2Ag r-Na'[Zn(CN).J

Electrolytic reduction :

Highty electropositive metals like Na. K. Ca. Al etc are extracted by electrolysis of their oxides'

hydroxides or chlorides in fused state'

Eg: Aluminium is obtained by the electrolysis of alumina nrixed with cryolite'

2 Al,O. +4Al + 30:

Reducation of halides 3 Ticlo + 2MB 75d ) Ti +'2Mg cl'

Hr; co, water gas (H. + Co ) etc are also used as reducing agellts and extract metals frorn tlreir oxides'

Examples : Fe,O.,+ 3 go rodc r 2Fe + 3 Co:

WOr+3H. ssoo. , W+3H,o

NiO+H.jNi +H:o

NiO+CoJNi +CO:

1.4.8 Refining or purification of impurc mctals :

i) Liquation :

This method is used for easily fusible metals like tin and lead. Theimpure metal is placed on the sloping

hearth of a reverberatory fumace and heated. The metal melts and flows down leaving the infusible

impurities cal led dross.

Distilletion :

This method is used for the refining of volatile metals like zinc. nrercury etc. The impure rnetal is heated

in a retort and the vapours of metal are collected and condensed separately. Thus tlre non volatile

impurities are left behind in tlre retort



zJ|r[C relltrllilg :

The method is based on the fact- that when a molten solution of impure met;l is solidified, the puremetal crystallizes leaving behind the impurities in the melt. Zo'e ."tining pr*o, l" ur"i'ro get metars ofhighpurity.

A circular heater is fitted around a rod of impure metal and stowly moved along the rod. At theheated zone' the rod melts' As the heater moves along. pure metal crystallizes out of the rod melt while theimpurities are carried away in the rnorten zone to onJend orttre roo.

Ex : Ge. Si and Ga usecr as semiconductors are refined by this method.

ffi-renr*
Zone Refining

Oridrtive processes :

oxidation process is used for refiningwhen the impurities present have a great affinity for oxygen
and 4re oxidized more readily than the ,nrtuf The oxides which are fonned, r"",r,Ju"J from tlre surface byskimming. Sometimes the oxide of the nretal itsetf is added *r,iri *pf i;;t;;;;;;';the impurities. Thus
copper oxide is added to impure molten copper which suppties o*yg"n fo, the oxldatio. 

"rrrrJirprr-1"r. 

-

Cupellation :

. The impurity of lead in sitver is removed by lreating it in a cupel. a boat shaped crucible made of
bone ash undera blast ofair- Lead is oxidized to litlrarge. Pbd and is carried arva.r, by air, leaving pure silver
behind.

Bessemerisation :

i) Molten matte ( Ctr.S + FeS) is transferred to a bessemmer converter which is a pear - shaped
furnaceand provided with a basic liningof limeormagnesia. lt is mounted on trunnionsandcan
be tilted in any position. It i! fitted witlr tuyers through which sand and hot air is blown.

3FeS + 3Or-+ 2FeO -r 2gg.

FeO + SiO"-) FeSiO.,

ZCu,S r 30:-) 2Cu"O .r- 2SO:

2Cu-0 | Cu,S -) 6Cu 1 SO.



The molten metal is poured off. The copper produced is of 98% pure and is known as blister copper'

D Molten cast iron from blast f'urnace is taken in a bessemmer convener and the impurities are

oxidized bY a blastof air'

Puddliry:

Stee|wasmadebypuddtingwhichinvo|vedmixingmo|tenpigironwithhaematite.Fep.'and
burningofall thecarbon arid other impuritiesto give wrought iron-which is softand malleable' Now wrought

iron can be converted into steel by adding the rJquired ari'ount of carboq or otlrer metals to give the type of

stccl required.

Polirg:

The impure molten metal is stirred with green wood poles- The impurities come to tlre surface and get

oxidised. Hydrocarbons from wood reduce the oxide of the rnetal to rnetallic state'

Eg : Copper and tin are purified by this method'

3Cu,0 a cHo -) 6Cu + CO + 2H'O

Amelgemation:

This process is used for the extraction of noble nretals like gold and silver from the native ores. The

finely crushed ore is treated with mercury which takes up the metal forming an amalgam. The metal is then

recoverpd by disti l I ing the amalgam

Electrolysis :

Here, the impure metal in the form of blocks is made the anode and a thin plate of purc metal acts

as the cathode. The electrolyte is a solution of a soluble salt of the rnetal. On passlng current, the purc metal

passes from the anode to the cathode through the electrolyte and gets deposited while the impurities settle

near the anode as anode mud. This method is used for the refining of copper. silver. gold. lead etc.

I *u, CoNT.AtNrN6 GOLD AND SILVER

C.ATr{ODE

E lectrtrlr'..t ic R efi n i n g



An alloy is a homogeneous mixture oftwo or mone metals. Alroys can be prepared by mixing a mealwid| e non metal also' so an alloy can be defined as a metailic iniimatety mixed solid mixture oftwo or rnoredifferent clements' atleast one oiwhich is a metal. Alloys are homogenous in morten state but in solid statethey may be cither homogeneo_us or heterogenous. chemically alloys rnay 6" mixtures or solid solutions ofconstituents in one another- when one of tie metals is mercury. the alloy is called an amalgam.
Eg: copperamalgam is an alloyofcopperand mercury. sodium amalgam is an aloyof sodium andmercury' In alloys' the chemical properties oftire compon"n, 

"l"r"nts 
are retained and onry certain physicatprofiertiesare improved, alloys are usually h"ra"ranaiess malleable and ductile than theirconstituents, havelower melting point and resists conosion-and is stable to acids.

1.4.10 Purpose of making alloys :

- The Purpose of making alloys is to develop some new pnoperty not possessed by the componentsirdividually.

D To increase the hardness of the metal. Pure m_etals are generaily soft while the attoys areharder'.E'g: Copper incrcases the hardness of silver in-coins. dold is mixed with copperin making ornaments. 0-5% Arsenic is addecl to lead to make very strong lead bullets.

iD ! l9w9r the melting point. tn general, the allo,v possess lorver rnelting point than theoriginal metals. Forexampte : thi wood's metal ii an alloy of bismuth, lead: cadmium andtin has a melting point ofbnty 7 toc which is muctr lower than the melting point of any ofthe metals present in the alloy.

iif To increase the tensile strength. Alloys. have greater tensile strength than the metals
present in it. For example, addition of lYo carbon increases the tensile strength of pure

i iron by l0 times.

iv) To get good casting. Expansion of metal on sotidification is the rnost important requirement
for its use as casting material. For example. Type metal ( attoy of lead and antimony ) ;bronze ( alloy ofcopperand tin ) have good casting properties.

v) To modis colour. Aluminiurn.bronze which has 9}%ocopper and l0% atuminium has agolden colour.

' vi) To resist corrosion. Pure metals are reactive and hence easily corroded by atmospheric'
gases' ntoisture etc' But alloys are more resistant to corrosion. For example stainless
steel is more resistant to corrosion rvhile iron is corroded easily even by ,oirrrr".

lJ.ll Substitutional solid solutions :

substitutional solid solutions are those in which some ofthe atoms ofa metal M arc replaced by theaomsofanorher metal Mr to form an alloy of type MM'. In other words, when two metals are completetymisciblcwith each other, they can form a continubus ranje of soiid sotutions.

E:r: Cu/Au : Cu/ Ni ; K/Rb; K/Cs etc.



These are oftwo types narnely random and ordered super lattice or Substitutiorral solid solution' For

example, in the case of atioy of copper and gold. at temperatures above 450"c the alloy exists as a randont

or disordered structure but o' srowcooring ii reads to the formation trre more ordered super lattice structure'

Hume - rothery has shown the following three rules for tlre formation of ordered Substitutional alloys i'e'

i) The two metals should be similar in size i.e. their metallic radii should not differ by more than l4

- 15%

ii) Both the metats must have the same crystal structure'

iii) The chemical properties of the two metals must be similar. Their number of valency electrops

should be same.

Ex : CoPPer and gold alloY :

Here, the metallic radii of Cu and Au differ by onty 12.5% I both lrave cubic close packed structures

and also have similar properties since they belong to the same group in the periodic table'

o
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(c) randonn substitutional dlov (d t {rpcrlardce (ordercd substitutional alloy}

Fig : Metal and alloY structures

Ifonly one ortwo rules are satisfied. then random Substitutional solid solutions will only form at the

two extremes of comPosition.



Metals Theories ofl-l
Eg : Alloy of sodium and potassium. The rwo metals-

similar but they differ in their rnetar c radii by 23.1%and hence.
solid solutions.

Na and K are strucrurally and chemicallv
It is an exanrple fbr rarrdom Substitutional

1.4.12 Interstecial allovs :

Many metals have a close packed lattice structure with nran1, tetra hedral and octahedral holes orinterstices' when a lighter rron rnetallic element is added to a metal. Tlre non metallic atoms can beaccommodated in these holes or interstecial positions without changing the structure 6f the rnetal. Transitionmetals with non metallic elements like hydrogen, boron. carbon. and nitiogen will forrn interstecial alloys. Forformation of interstecial alloy. the radius ratio of tlre smaller 
""'tr 

,".r"["' 
"i",r ,ir;",d be irr the ra'ge of0'414 -o'732'Tlte chenrical composition of these interstecial allo-vs may vary over a wide range dependingon how many holes are occ.upied. Thus hydrides; borides, carbides and nitricles ofthe transirion elemenrs areexa.mples of interstecial alloys' Interstecial borides, carbides and tritrides are extrernelv hard, chemicallyineft and have high melting points. Interstecial carbides of iron are ofgrear i*p;;;;; in the 

'arious 
formsof steel.

f.4.13 Intermetallic compounds :

when two metals form a continuous range of solid solutions one or more internrediate plrases havingdifferent structure from.that of metats may be forrnecl. These phases rvhich have differenr srrucrure whencompared to the original metals are knowrr as.intermetallic coripounds. These are 
'ot true cornpourrds a'cihave variable composition..ln an intermetallic cornpound, the two elenrents cornbine in stoiclriometricproportionsandtheyhavedifferentnumberofva|encye|ectrons'

Eg : Cu5 Sn : Cu., : Sn. : Fe.. C etc.

The internietallic compounds possess nlan' of the characteristic properties of rnetals. The atomof one mgtal replaces tlrose of another irr the crystal lattice. The intermetallic compounds are usuallyformed between atoms of erements that possesi row erectro'affinities.

The inter metallic compounds of cu ancl zn l"ravethree phases with crifferBnt cornposition and strucrurePhase

CuZn - 45.5%Zn p

CurZrr*

CuZn.

60.65YoZn . 
T

82.88o/oZn - F

p - Phase ltas body centred cubic structure : y - phase has cubuic structure and E - p6ase hashe-agonal close packed structure.

Hume - Rothera Rules :

Each phase can.be represented by a typical corrpositiorr or ideal fornrula e ven tlough it exists overa wide range of compositiorr' Hume - Roihery studied thl cornpositions oftrre phases fcrrnred and fbund thatthe B - plrase always occurs in altoys rvhen the ratio of the sum of the valency electrons to the nurnber ofatoms is 3:2' so, according to Hume - Rotherl'. tlre ratio of the total numbei of valency etectrors to thenumberof atoms is constant. Thus, the ratio 3:i indicates p - phase 2l :13 y - phase andT:4 e- phase



Table 4.1

Exrnples

Cu7-n
Cu5Sn

AgZn

. Cu:Al
AuCd
CoZnr

Cu5Zn3

CueAla
CulsSng

AusCds

Co5Cd21

CuZn3

AgCd3

AulSn
CurSn
AuCd3

FeZnl

Vrtcrc :hctror -
| +2=3
5+4=9
| +2=3
3+3=6
| +2=3
0+6=6

5+ 16=21
9 + 12=21
3l +32=63
5+lG2l
0+42=42

I +6=7
| +6=7
3+4=7
3 +4=J
I +6=7

0+14=14

No of eloms

2
6

'2
4
2

4

p-structurc

T-structurt

E:struclure

3

3

3

t
3

3

Ratio

2

2

2
z
2
1

lll

l3
l3
39
r3
26

2l
2l
2l
2l
2l

4
4
4
4
4

8

7

7

7
nI

7

7

4
4
4
4

4

4

The explanation of why similar binary metallic phases are formed at similar valency electron to

atom ratios is not fully understood.

1.4.14 Preparation of alloYs :

l) Fusion method

By melting together the metats in big fire clay crucible. The molten mass is thoroughly stirred with

a gnphitarod in ordeito bring uniform mixing. The surface of the molten mass is covered with a layer of
po:*dereO carbon to avoid oxidation of the component metals. The molten mass is cooled slowly to get solid

alloy. Brass and bronze alloys are prepared by this method.

2) Electro deposition :

The method involves the simultaneous deposition of different metals from their satt solution rnixture-(

acts as electrolyte ) by passing electricity.

Eg : Brass is obtained by the electrolysis ofa mixed solution of copper and zinc cyanides dissolved

in sodium cyanide.

Reduction :

ln this method. there is the reduction of oxide of one of the constituent metals by tlre other metal oF;r

the alloy. For example aluminium bronze is obtained by reducing alumina in the presence of copper in

electric furnace.



Coupresrion method :

In this method' metals are taken in proportions and are 
lhen compressed together under pressure.

Ex : wood's metal. soldier ( tin and tead )

By Chemical method :

"run'ini,ffT::||||[ 
an allov of iron and chromiurn is obtained by heating Feo cr.o, with powdered

3 ( FeO .Cr,O.; + 941

FeO.Cr,O. + 4C

-) 3Fe i 6Cr-t 4Al.O_

Ferroclrrome

-) Fe + 2Cr + 4CO

Ferrochrome

1.4.15 Uses - Ferrous.and non- ferrous allovs :

To study the applications; alloys are classified accordingto theircornponents into two types narnelyferrous and non - ferrous alloys. - '-'--(

Fcmous alloys :

Ferrous altoys contain iron as the major constituent. They are often known as steels.

The main purpose of adding carbon. Inanganese. copper. r,anadium, cobalt, silicon etc in traces toiron, in rnaking ferrous alloys is to improve tenacity. ductility. hardness. con.osiolr. resistarce acid and chemicalrcsistance etc.

In addition to iron and carbon steels always posses another erenre.nt basing on:wlrich; steels areclassified into vanadium steels lraving vanadium, cliromium steels corrtaiping chromium etc.

vanadium steels are used in high pressure boilers, locornotive parts. gears etc. ehrgrnium steels are,uscd in ballbearings, surgical instruments etc. Mansa'ese steels are used for raihvay points and across -over and for helmets. -- ' --' -' -,'

Cobalt steels are used in high speed tool sreels.

Nickel steels are used for gears. transntission parts etc.

Tungstenandrnolybolenumsteelsareusedirrthernarrrrl,r-:ruicofhigh -sp'eedcuttiirgordrilling
too[s.

Non - ferrous alloys :

These altoys do not contain irorr as one of thc con5,1i11,*,,,r. I hese alloy,s usually corrtain alurni'iurn,copper' zinc, tin and nickel. Some irnportant ail.-ls are gir.en beltrrv.,

Non -ferrous alloys usuallv contaitt alurnirriurrr : coppcr : zirrc : tirr and nickel. some important alloysare given helow.



AlloY

l. Duralumin

2. Y-alloY

3. Magralumin

4. Election

).

6.

7.

E.

Bronze or
Franch golet 90% Cu: l07oZinc

Dutclr metal 80% Cu- 20% Zn

German Silver 50% Cu. 20VoZtt- 30%Ni

Gun metal 88% Cu; I 0% Sn; ?o/o Zn

Uses
I

Used in making aeroPlane bodies,

automobile Parts etc

Pistons; Cylinder heads etc

Costure fewellery

Musical instruments. banery caPs etc.

Utensils. Orttaments, Coins etc

Guns

Composition

95o/o Al:4o/o cu:
0.5% Mn and

0.5 % Mg

4o/o Cu: 1.5% Mg:
2% Ni:0.5% Si:
0.5% Mn: 0.5o/o Fe

and the renraining is

Al.

70o/o Al and 30% Mg cheaP balance

9 to I I % Mn and the For cOnstructionof oil tankers, petrol

rernaining is Mg bunkers etc

)

1.4.16 Model Questions :

l. Mention the various theories of bonding in metals and explain the free electron tlreory.

Z. On the basis of vatency'bond theory how would you explain the following properties of

rnetals ?

a) metallic lustre

b) Electrical conductivitY

c) Thermal conductivitY and

d) MalleabititY and ductilitY.

3) What are semi conductors ? What is meant by n - type and p -tyPe semi conduction ?

Whatistlreeffectoftemperatureonsemiconductiorr?

4) Explain the difference between conductors. insulators and semiconductors. Give examples'

5) What is meant by the term metallurgy ? Describe the various methods used forconcentration

ofthe ore.

6) Describe the various methods employed in the refining of metals'

7) Explain the following tenns with suitable examptes'

a) Calcination

b) Roasting

c) Smelting



E) Describe the following processes --

a) Electromagnetic separation

b) Froth floatation process

c) Liquation

9) Differentiate between '
a) gangue and tlux
b) calcination and roasting

c) alloy and arnalgam

l0) what are alloys ? How are they ctassified ? what are their advanrages ?

I I ) write notes on substitutionat solid solution arid interstitiit solia solutions.
12) What are intermetailic compounds. Give e,xamples.

13) What are alloys ? How are the), prepared ?

14) Explain Hume - Rothery rule with suitableexamples.

15) what are Hume - Rothery rules ? Discuss the importance of Hume - Rothery rules inexplaining the cornprosition ofeu Zn: Cu, Zu*and Cu ilalloys.
16) Discuss the difference between ferrous and non ferrous ailoys. Give two examples each,with composition.

17' what are ferrous and non ferrous alloys ? Cive the composition ofgennan silver; gu' metalI bronze and electron

l8) Define the term flux. How are they crassified ? cive exampres.

l9) Define the.tenns garigue : flux and slag. Cive examples.

20) Write notes on

a) Auto reductiorr

b) Cupellation

c) Tamman rules.

V.Mangathayaru

Rerd. H.O.D.
Department of Chemistry,

J. M. J. College For Women,

Tenai,, Guntur. (Dt)



UI\IIT-I

Lesson-V

NON-AQUEOUS SOLVENTS

1.5.1 water *u, ."guid"d as a universar sorvent for ionic reactions. consideri*g the following factors *

i) Its plentiful occurrence in nature'

ii) lts ability to dissolve a large number of inorganic and organic compounds'

iii) rts non _ poisonous nature and its rvide range of physica! a'd crrenricar crraracteristics. Inspite of

its many desirahle properties tlrere at'e instances lvlrere a non aqueous medium can serve

certainneedsthata|raqueouso*"unnot'A|tlroughrvorkonso|ventot|rerthattwaterstarted
inIsg2.itrvasCadyinlsgTandFranklinandKrausin|8ggdiscoveredamnroniaasthefirst
nonuqu"oussoluenthavingsimi|arityinreactionsrVitlrrvater.Waldeninl8ggusedsu|phur
dioxide as the non aqueous solvent' ih" diff"'"nces between water and other solvents are in

general. only differences in degree and theY.can usually be correlated with solvent parameters

such as dielectric constan,. *oiii*i"g 
"uirirv 

of the solvent. melting a.d boiling points'

1.5.2 Classification of solvents :

classification of solvents are frequently based on acid - base properties' one of the simplest

crassificaticn of sorvents is in terms orp"rlity. s"ivents can be crassified.into differerrt classes' lt is ge'erally

found. that the *unn", of classificati"i, *liri;p*nJ on the particular solvent prbperties of interest'

a) Protonic and non protonic solvents :

solvents wlriclr contain hydrogen and releases a solvated proton on auto ionisation or self ionisation

are known as Protonic solvents'

Eg:H.O:NH.:HF;HCNandlorvmolecularweiglrtalcohols'Thesolventswhichdonotrelease
hydrogen'are called non protonic or aprotic solvents

Eg : CCl. i CuHn: SO' etc'

b) Acidic ( Prctogenic) ; basic' amphiprotic and aprotic solvents :

Solvents which have a strong tendency to donate protons are known as acidic solvents'

Eg: HrSOo: HF; glacial acetic acid etc'

Solventswh.iehlraveastrorlgaffinityforprgtonsareknownasbasicsolvents.

Eg: liquid ammonia I Pyridine: ethylene diammine etc'

So|ventswhic|rcanacteitherasacidsorbasesareknowt.tasamphotericso|vents

Eg : ll"O and lorv molecular rveigirt alcohols'

Solvents wlrich are inert to proton transfer i.e. have no tendettcy to lose or gain protons'

)



Eg : CCl. ; CuHu etc.

C) Ionising and non - ionising solvents :

"onronrsoluents 

which undergo antoionisation are known as ionizing solvents. They posses high dielectric

Eg: HrO ; NH., i HF : SO, etc.

solvents which have low dielectric constant and do not undergo auto ionisation are known as nonionizing solvents.

Eg : CCln ; CuH. etc.

H,O + HrO r+ 4O- * OH-

NH.-+NH' +Nfrf + OH

1.5.3 Reactions in liquid ammonia :

Liquid ammonia has been studied thore extensively than any.other non aqueousrsolvents. It is a grsolven!9t 
T"nv trpe1.o.f org.anic and inorganic synthesis. itr fiyri.ul properties resembte those of w.exccpt in having a low dielectric constrnt (22) which results i" io l"Jr*t"a-Jtitr, ;ffirve ionic comporlike carbonates, sulphates etc. but ammonia maybe a better sotvent trran water iowards rron polar motecrThephysica|propertiesof'|iquidammonia","u"fo||o*s,.----.

Boilingpoint

Frcezing frbint

Dielectrii Constanr

Dipolemoment

Viscocity "

lonic product

Just like put€ water, pure liquid ammonia is atso a,poor conductor ofclectricitv.
1.5.4 Auto - ionisation or setf ionisation :

Liquid ammonia undergoes auto ionisation in 6:similar way like that of rvater.

NH., + NH' i+ NHf, + NH"

H.O + HrO i+ H..O- + g1-1-

-33oc

-78"c

t.47D

0.00255 dyne-sec/cm3

1.9 xl0.r ( - 50oc)



Substances that produce N H 
f, 

ions in liqu id ammonia are acids and substances that produce N H,

ions are called as bases. Thus in liquid ammonia. NHf ion behaves as an acid eg : NH"CI' And metallic

arnides eg : KNH.: imides and nitrides behave as bases'

1.5.5 Solubility of substances in liquid ammonia :

Salts containing highly polarisable anions are more soluble. Covalent organic compounds are more

soluble in liquid u.Inoniu than in water. Ammonia has the ability to dissolve free metals whiclr are strong

reducing agents without any chemical reaction. For eg- liquid i,rnmonia dissolves the alkali metals to give

blue solutions which are characterised by its colour. density. c ;nductivity and Para magnetism' The blue

colour of the alkali metals in liquid anrmonia is clue to the presence of free electrons. In dilute solution. alkali

nretals clissociate to fortn alkalirnetalcations and solvated electrons'

* liquid arnmonia , M- F [e 1NH.,).r 1

This dissociation into catiorr and anion accounts for the et".tricul conbuctiuity' Alkaline earth metals

i.e. calcium, strontium and barium. aluminunr. zinc. lantlranunr. cerium etc are also soluble in liquid ammonia'

The solutions of metals in liquid ammonia are very good reducing agents because of the presence of free

electrons. When alkali metal solution in liquid un ,,r,oniu is evaporated. the flee metal is recovered'

The solubilities of inorganic satts in liquid ammonia are different tiom their soltrbilities in water. ln

organic compounds containing anions i.e. iodide, nitrate, perchloride cyanide and tlriocyanate are soluble in

liquid ammonia.

1.5.6 Precipitation reactions :

Several precipitation reactions rvhich take place in aqueous solutiotts also occur in arnmonia solutiotts'

Eg : Ammonium sulphide dissolved in liquid ammonia when added to the nitrate solution of nretals

like Cu, Ca , gi ;Co Zn etc precipitates the metallic sulphides.

(NH.)-S + Cu (NO.). + 2NH.NO' + Cu' S J

Most of the chlorides are insoluble in tiquid ammonia and czul be precipitated out'

Ba (NO,).r-2 AgCl + 2AgNO-'r BaCl.J

AgCl + KNO., + KCIJ ' RgNO.

1.5.7 Acid - base reactions or ncutralization rcactions :

The process of rreutralisation in liquid ammonia invotves the combination of NIff and N Ht to

form un ionised ammonia.

NH.,CI + KNH- + KCI 't'2N[.|.,



NHrcl -+ NHf +dl

KNH--+Ki* Nq

NH; * N,,!2.+2\H'.( Neutralisation )

NH.CI known as an ammono agid il,a st1-o,pg,4qid;qr,{rcNH* kng_wn as ammgno base in liqu;d

ammonia solution. Thus ammono acid is 4 sgbst4ry9.whieh,ppdu"9s NHf ions in liqiiid ammonia and an

ammono base is a substance which produces N H,, ions in..liquid aFmonia solution.

ls.t Solvolysis or ammonolysis ,"if&tlttiif,, ,rI ,' , i,' :': ,

Ammonolysis is similar to hydiolysis reaction. Mef 
lrlrralials : oxides :' inorgarric and organic halidesare ammonolysed.

i1r. i1,: :.., .

MH + NH. -+ MNH,+ H.

M-O'r 2NH, -+ 2MNH.{ l{.O

BCl.l + 6NHl ,t, B(NH.);+i3 NH,X

Ct,+2pg.. - NH.et + NHI+ el
+

' RX + NFl.' t'"-*NH= + NH.X

RX { g1r1g. - R.Nt{+ Nt{.,X

1.5.9 Ammoniation or solvation reactions :j

The attachment of sotvent molecules to a soluble substance is called ammoniation or solvatiorr.

BF.+N1-1', - BF..NH.

Si F, + 2NH3 -t Si F{. zNH'

1.5.10 Compler formation :

in ,"u,..ct*in 
complex formation reaetionstake placc.in liquid ammonin which are similarto those occurring



Exarnple - Formation of potassium argento cyanide when excess of potassium cyanide is ad{9d to

silvernitrate solution in liquid ammonia.

AgNO. + KCN -+ AgCNJ + KNO'

AgCN i KCN -+ K [Ag(CN).1

K [Ag (CN),] + K' 'r: [Ag (cN)']-

Ammonozincates fonned by the addtion ofexcess of'potassium amide to zinc nitrate.

Zn (NO.,). + 2KNH. + Ztr(NHr)1 .| + 2KNO',

Zn (NH')' + 2KNH-+ K-[Zn (NH.).1

1.5.11 Reactions in hydrogen flloride :

Anhydrons lrydrogen fluoride is an strong acidic solvent. has low conductance a high dielectric

constant ( SA) : a high dipolemoment ( l.9D) and a strong tendency to under go bssociation.

Solubility of substances in liquid HF' :

It dissolves HNO., ; H.O I KF, Several.organic compounds. All these substances accept prcton

from HF and hence act as bases.

H.O n HF i=l.H.O' +.F

H NO., r. HF * u. NOI r P-

(l:H5):o + HF i+(C,Hr),O.H + F-

cHlcooH + HF +CH,QOO"H" + F-

Certain metallie salts i.e. perchlorates, iodates I periodates etc dissolve and undergo dissociation.

KCI O., T+ K" + Cl oo

Some non metallic fluorides dissolve in HF to give acid solutions.

+
BF.+HF *Bho+!t

+
AsFr+ HF * As F6* H

Alkalirnetal chlorides ; bromides : cyanides etc dissolve in HF to give free acids. , \

NaCl+ HF + Na" + F .r HClt



1.5,12 Auto ionisFtion of HF: i

HF undergoes auto ionisationto give fluorbnium ion'alid fluoricle ion.

HF r-HF -+ H"F++ t-

Any substance that gives H.F ions'in HF'wiltact as an acid while those giving F- ions rvil act as
base.

Acids like HNO., ; HrSOo behave like bases in HF.

IJNO, +'HF 
{riq1 + u-NOl + r-" 

i

base

HClq' the strongest acid in aqueous solution behaves as an amphoteric substarrce in liquid HF.

HCIO. r HF -+ H"CIOO+ f-

HCIO., + HF +'CtOO+ H.f+

certain electron deficient fluorides bpfiave as acids in liquid HF.

Sn.* ZHe ;+ H.F++ B F-

1.5.13 Precipitation Reactions :

A number ofcompounds have been precipitated in presenoe of liquid HF.

AgF r- HCI F: AgCIJ + HF

AgF + HBr ;: AgBr.l, + gF

2AgF + Na,SOo s: Ag.SOo J + Zttap

Protonation reactions :

Nitric acid and nitrates dissolve in HF.

I{ NO3 'r HF 
=+ 

H, NO, + f-

NaNO. + 4HF r=:

Oxides and hydroxides react with liquid HF.

Na* -i H: NOj +H n,

H,O+2HF +H.O.+HFj



--\
15.14 Model Qucstionc :

with examples.

2. What ismeant byauto ionigation ? Exphin ammono acids and ammono bases with exaniiles.

' , , . . 3. Di*uss the prccipitatrgn and ncutratisrtion rcsctions tak;ng ptace in liquid ammonia.
' ,,; .

4'. What is meant by the terms Solvolysis and Solvation ? Give examples.

5. Discuss the solutions of-mctals in rmmonia and cornplex formation reaction.

6. Explain theauto - ionisrtion rcaction raking place in HF. Discuss precipitation reactions in HF.

V.Mangathayaru

Retd. H.O.D.'

. Department of Chemistry

- J. M. J. College For Women,

Tenali, Guntur- (Dt)



TJNIT-tr
Lesson - I

ORGAIilC CITEMISTRY

IIALOGEN COMPOT]NDS
2'l'l Nomenclature and classification of alkyt( Primary, secondary, Tertiary), aryl, aralkyl, allyl, vinyl,
benzyl' chemical reactivity -'reduction, formation of RMgX, Nucleophilic subitrtion reactbn -classificationinto sNr and sN3' mechan-ism of enerry profile diagrams of sN' and SN2 reactions, stereochemistry of sN2(walden inversion ). sN' ( recemisation )exptanatiin ofboth bytakingexampr"soropiic.llyactive halide-2-bromobutane' Structure and reactivity - ease of hydrolysis - bomparison ofallyl, benzryt, alkyl, vinyl andarylhalides.

2.1.2 Classification :

The compounds in which hydrogen atoms of hydrocarbons ane replaced by halogen atoms arecalled halogen compounds.

Hatogcn compounds are classified as mono, di, tri or tetra depending up on the nurnber ofhydrogenatoms replaced by halogen atoms. r -------e

cH3ct . cH2cl: cHcls
Monohalogen dihalogen fihabg;t
.derivative derivative derivative

cc14
tetrahalogen

derivative

2.12.1Alkyl hetides :

Cornpounds of alkanes are known as alkylhalides.

R-H J- R -x+Hx
Alkane Alkylhalide

Thcse are further classified as primary, secondary and te4iary alkyl halides based on th€ nature ofcarbon atom containing halogen atom. :

P - halides :

In primary halides the halogen atom is attached to the primary carbon atom.

Ex: CH3CI CH,CH,CI
Methytchtoride Ethyich6ride

$ hdfrleg :

In Secondary halides the halogen atom is attached to thc seondary carbon atom.

Ex :_( CH.,), CHCI
lsopropyl chloride



T - halides :

In tertiary halides the halogen atom is attached to the tertiary carbon atom.

Ex: ( CHr)., CCI
T -buwl chloride

2.r.2.2

Alkenyl halides : .

Halogen compounds of alkenes 4re known as alkenyl halides'

CHr: CH, X2 
, CHT1 CH X + HX

Alkane Alkenylhalide

Vinyl halides :

In vinyl halides halogen atom and dopble bond are oh the same carbon.

CH'=CH-Cl
Vinylchloride

Allyl halides :

In allyl hatides halogen atom and double bond are on the adjacent carbons.

CHr: CH - CH, - Br

Allyl Bromide

2.r.2.3

Aryl halides :

In aryl halides the halogen atom is directly attached to the aromatic ring.

cl

-\-tr9
Chlorobenzene



Aralkyl halides :

In aralkyt hatides the halogens atom is attached to the carbon rtom of the side chain containing arylgoup.

cH2 Cl

BenzylChloride

2.1.3 Nomenclature :

2.13.1Common names :

halide. 
The individual members are named byjoining the name ofthe alkyt group with that of the halogen as

cHscl CH,CH,BT

z.r,3.zIUpAC names , ""thylchloride 
Ethylbromide 

.

According to this system alkyl hatide is regarded as a haloderivativc ofalkane. The name ofhalogen

lim:"'to 
the name of the alkane. In higher rncmbers the carbon atom carrying halogen gets the leist

H3Cl

Chloromethane

S.NO Structural formula

l. cH.cl

2. cHrcH.Br

3. cHrcHrCHrBr

CH3-CH Br
4. I

cHe

5. cHscHzCHrCHrBr

6. cH3cHrCHCH3

Br

CH,CH,BT

Bromo ethane

Commonnrme

Methylchloride

Ethylchloride

n- Propyl bromide

lsoPropylbromide

n- butyl bromide

Sec -butyl bromide

CH3-CH-CH2 Br
I
cHs

I -bromo . 2- methyl propane

IttPAC narne

Chloncmethane

Bromo ethane

l- bromopropane

2- bromopropane,

l-bromobutane

2-bromobutane



CHqt-GH3-G- Br
I

cHs

CHr= CH- Cl

CH.= CH- CH, - Cl

2.1.4 Chemical reactivitY :

H

In C-X bond, X is more electronegative than carbon. So, the C-X bond is polar and haloalkanes are

active.

6+ t-
'G--X

positive charge on the carbon atom can be easily attacked by a nucleoplrile and leads to nucleophilic

substitgtion rcactions. The positive charge on the carton atom leads to elimination reactions also.

Thc halogen dtom linked to SP2 hybridised carbon atom is inertto nucleophilic substitution reactions

like hydloysis wiih aqueous KOH. The halogen atom linked to SP! hybridise-d.tbol atom is reactive to

nucleophiiic substitution reactions. Thus atkylhalides easity undergo nucleophilic substitution reactions than

arylhalides.

7.

8.

9.

Ter-butyl bromide

Vinylchloride

Allylchloride

2-bromo-2-Methyl proPane

Chloroethene

3- Chloro - prop -l- ene

10.

ll.

Chlorobcnzene Chlorobenzene

Phenylmethyl chloride Benzyl Chloride

H

I

,.'tttl\,



SP]

cHr-. cH, - Br

AlkylBromide
reactive

SP2

CHr= CH Br
VinylBromide

inert

SP3

CHr= CH- CH, Br
6'lylBromide

' rr;aCtiVe

CH2Br

lsFo

- -.lcl
\/
Aralkylbromide

reactive
Arylbromide

inert

2.1.5 Reduction :

Alkyl halides on reduction form alkanes where as aryl hatides form arenes.

R-X+ 2FI-) RH +HX
alkane

Ar-X+2H) ArH+HX
arene.

a) with hydrogen in the presence of Ni or pd

c,HrBr +H" Ni . 
> C,Hu + 1191

b) withzincanddil.HCl

n+2HCl )ZnClr+2.11

C.HrBr+2H I CrHu+HBr

c) with zn - ou couple and Ethanol

Zn + C"HsOg Crr > ( CrHrO ), Zn + 2H

C,l-l.Br+2H)CrHu+gg/

2.1.5 Formation of Grignad reagents :

Alkyl halides react with magnesium in dry ether forming alkyl magnesium halides known as Grignard
reagents ( R MgX).

R -,X + Mg drv qther t RMg X

C,HrBr + Mg drv ether t CrH, M! Br



2.1.7 Nucleophilic substitution reactions :

Substitution reactions which involuethesttrkofnucleophiles are called nucleophilic substitution
reactions.

CzH5Cl + KOH(aq) -+ C,H'OH+ KCI

Erplanation :

In alkyl halides. the halogen atom attached to the carbon atom is more electronegative. So, carbon
atom gets partially positive charge and halogen atom gets partially negative charge.

t6+ F-c-x
The positive charge on the carbon atom is a good site for attack by nucleophiles.

I

Nu+-C-X+-C-+Xtl

whereN[ = 0H, NHr, furH' eN,cH3co6, SHetc.

Clossilication :

There are two lvpes of nucleophilic substitution rcactions -

. l. . Unimolecular nucleophilic substitution reactions ( Sl'r reactions)

2. Bimolecular nucleophilic substitution reaotions ( SN2 reactions).

2.1.7.1SNr reactions :

Nucleophilic substitution reagtions in which rate of the reaction depends only on the concentration
ofthe reactant are called Unimolecular nucleophilic substitution reactions.

Rate c [reactant ]

Ex: Hydrolysis of 2 - bromobutane with ethanotand water undergoes SNr reaction.

Br

c2Hs-tH'cH'
OH
I

c2H5 cF{cH3

2- butanol

Mechenicm : lt takes plece in two stcps



+6H Fast ,
I

cHs

Enelgr profrle diagram of SNt reactions :

ld stage : In the first stage carbocation is formed slowly.

czHs
IH_C--Br
I

cHs

2d rtege : In the 2nd

attack forming the product.

fzHst+
H-C.

+Bi

stage carbocation undergoes fast and non - rate d€termining nucleophilic

?rtui{-c-oH
I

cHg

czHs
.l' slow , H_C-.t,

cHs

PRoGRESSoFREACT|oN---},
?ansition stales in SNr roac$en.

The energl levet diagram has two transition states with carbocation as intermediate. In the first stenionisationofalkylhalide results in the formation ofcarbocation.It ishighlyendothe;i".il;ilil;ffi;
energy. So, the first step in SN' reactions becomes slow and is the rate determining step.

In the second step nucleophile attacks the carbocation. It is highly exothermic. It has low activationen€rs/' So, second step in SNr reactions becomes fast and is non * rate determining. |hus conasntration ofthe nucleophile does not effect the rate of SNr reactions.

Sterco chemistry :

In the intermediate stage of SNr reactions carbocation is formed. The structure of carbocation"rsplanar and positively charged carbon is sP'?hybridised. The nucleophile can attack fror;il;;;. il;;
i-n SN' reactions optically active halide shoulJ yietd a recemic.i*tut". eui"";;;;;;;;emic mixture is norformed because the aftack of nucleoptrile is fait and occurs on ion pair. Hence back side attack is preferred
and more inverted product is formed.

n
I
I
I

oc
uJz
UJ
J
s
F
z.
UJ

5
o-



Ex: Hydrolysis of optically active pure G) -2- brcmobutance gives E3% (+) and l1o/oG)'2'butanol'

(+) -2- bromobutanol (-)-2- bromobutanol
83% 17%

2.l.7.2SNt rcactions :

Nucleophilic substitution reactions in which rate of the r€action depends on the concentration of
both the rcactant,and the reggent are called bimolecular nuclcophilic reactions.

Rate c[reactant I I reagent ]

Ex : Hydrolysis of -2- bromobutane in the presence of NaOH undergoes SNz reactions.

QzHs
I

l{-Q-$y
I

cHg

G) -2- bromobutane

czHs
IH-C-Br
I, CHg

Mechanism :

9#urtzol , nO_i_n
ettnnol ' I-sN -- CHs

?r*u+ H-C-OH
cHs

,/"'^u
HO-C----H

cHa

2- butanol

tn SN: reactions the attacking nucleophile forms bond simultaneously as the bond of the leaving

group breaks away.

-Br 
oHrlHo-c----Brl+ 

,,,!..,
L H/ t"'J Ho 6")n

czHs

\

,. ,,":T

Hsc



Energr prufile dirgnn of SIV rcrctlou :

Folxrtfrt rx'tJ''l FCib h.rll
8i|r re$rn

The energy level diagram has a singre trrnsition stato with ccnbrl ea&on atom spz hybridised. It
shows that no intermediate is formed. The rairsition strlc rcpnascnts I highest cncrgr state in which carbon
atom is linked to five atoms. The reaction is cxothcrmic. ihc convcrsiin of traniition ttut" i;;p;;;;;
involvcs rchybridisation of carbon from SP2 to SF and configuntion ofthc product is inyerted.

Stercoclemistry :

In the intermediate stage of SN2 reactions both tlr, .frdd*b;** thc baving group arcbond in opposite directions. So. complete invcnsion ofthontolacnlG 4S F.mlii6'e"ff* W"fO.-, il*lU
Ex : (-) - 2- bromobutane on hydrclysis undcr SN2 conaition*pcl (+) -2- [rmobutane.;": . ._ -'

-Br
.1"'^u

HO''.G:---Ft.. \
cHr

:.

SIP rerction

It follows socond order kincties .

lhc prodrct in'formed With complcte
invcr$on

SNe rnrfisa.qllaV oprr in primary
hdi{b&. :

', ', ',. ,,,.'t.,' '
Non - Polar solvcnts favour SN2 reactions

I
(5
lLu,
z,ul

z.
ltj
5
o-

czHs

\-l
'Hsc

2.1.73l)ilference between SNr and SIS rcectlou :

SNr reaction

It follows first order kincties

The product is formed with partial
recemisation

SNr reactions mainly occur
in tertiary halides.

Potar solventq favour SNr rcections

s.No

t.

2.

3.

4.



5.

6.

7.

8.

Mild nucleophiles favour SNr reactions

L,ow concentration of the nuplgophile
favours SN' reactions ., 

',*

Rearrangement is po$sible 
.:,

Reaction rate is influericjedty. *"o 
t"''

electronic factors.

:, ". '- -.",:':

CHr= CHCH"BT + NaOH

Allylbromide

cl

AV
AlkylChloride .., i,. . .,

, Sfrgng,ntrcleophiles favour SNz reactions.

High concentration of the nucleophile

' favours SN2 reactions

, Rearrangement is not possible.

' Reaclion rate is influenced by
Steric factors.

*+
:*. , li

cH.
l1

o
AlkylChloride

2.1.8.1 Alkyl halides :

In alkyl halides C.- X bpnd is highly polarised covalent bond and calbon atom is SP3 hybridised.

, . 5+ $t
c-x

So, atkyl halideb dio very reactive and easily undergo hydrolysis.

+ NaOH -) No action

' ' '''!i '"

, r :,i j:J i* +:Ji , 1.

\-,1

-' . .:

+ NaOH -)

2.1,,8 Hydrolysis - comparison of al$fl, vinyl, allyl , atYl and aralkyl halides:

CH3CH2CI + NaOH '+ pH3tF{pH #NaCl
AlkylChtoride .. '1, ,::.

CH.= CHCI + NaQH.,:*.lJo action . '

Vinvl Chloride' " :4: i"' ;"';i;'"

CH"= CH - CH2OH + NaBr
,i

OH

+ NaCl

9H,



2.1,8.2 Vinyl halides :

Compared to alkyl halide'the halogen etom in vinyl halide is inert. In vinyl halide C - X bond is
formed by the SP3 hybridised carbon and rilso dclooelizod.rmolocular qbital is formcd.

tr??
Hrc_cH-cl -+ ffr-ff-R - 

cH3-cH-cl

LI{)0 o
delocalise<t n M,.O

Also vinyl chloride has tht, fbllowing reyrtrtnG€ structures.

'flr\lrH2C:gP-gJt .-' HgC-CH:CL:

Allyl halides :

In allyl halides. C -- X bond is formed by the SP3 hybridise/ iarbon atom. The delocallzed n molecular
orbitalcan not be fbrmed.

H2C:611-CH2-CI -+ -cHe
No delocalised z M.O

The reactivity of halogen atom is due to is ionisation forming allyl carbonium ion. The atlyl carbonium
ion is sabilised by resonance.

?
CH

0
?

-cH
0

?
-cl
0

H2C:Q11-_GHz-C1 
->

,^.
nrc!crrLiH,

i
J

+
CH2-CH=CHz



2.l.8.4Aryl halides :

In ary-l hatides C - X bond is forrmd.by SPr hybridiscd csrbon atom. ThG halogen atom is inort. The

low reactivity of halogen atom in aryl halidc,isdue ts;esonrace'

:ct:
+

:cl:

o_-#*, €

Re$onanoe in chlorobenzene

However aryl halides can be made to undergo hydrolysis uiider dra,stic conditions.

2.1.8.5 Aralkyl halides :

In aratkyl hatioes. C - X bond is fqfmed by the SPr hybridised carbon atom. Arrlkyl halides behave

like alkyl halides. Aralkyl halides having halogen atom on the c- carbon ofthe side chain are more reactive
than alkyl halides. lt is duel to the formation of resonance stabilised carbonium ion which is not possible in

alkylhalides

BenzvlChloride

€
.+
€ $A

U
+,



2.1.9. Distinction between aryl hatide and aralkyl halide ! i

Arylhalide is inactive.whert'is iralkyl halidc is actiie. Aralkyl halide gives white precipitate with
AgCl but not aryl halide.

Aln
-A;frd" No PreciPitate

:

-#fu, Agcr ]

benzyl chloride Wlrite precipitate
active

S irn ilarll' a lkr'l ha lide and alll'l halide gave white pr ccipitate with AgCl but not vinyl halide.

Alkyl halidcs. aralkyl halides. allyl halides easily undergo hydrolysis with aqueous NaOH but not
vinyland aryl halides.

Z.l.l0. Modcl Quostions :

L Alkyl hali<tes are detected by precipitation as silver halides with silver nitrate solution but not
aryland vin;-l halides. Explain.

2. Cive tlrc rrrechanisrrr of SNI ancl SN2 reactions.

3. Write cliffererrce betrveen SN I and SN2 reactions.

4. Expllirr energy profile diagranrs and stereochemistry of SN I and SN2 reactiorrs.

5. How alc alkyl halides classifiecl?

- 6. Conrpare tlre reactivity of'allyl. benzyl, alkyland vinyl hatides.

7. Horv are Crignard reagents prepared from alkyl halides?

8. Explairr Walden inversion with exarnple

9. How catr you account fo5 the activity or inactivity of halogen atom in

a. All,vlchloricle anct ii) Vinylchloride.

10. Explain n'h-v allylclrolricle unclergoes substilution easily but not vinyl ch loride.

cl
I.i\t()l

--/Chlorobenzene
inert

CH, (
I.a\Ir ) I\r/

Dr. S. Siva RamBabu, M.sc., Ph.D.



UMT - II
Lesson - II

TTYDROXY COMPOT]NDS
2.2.0 z

Nomenclature and classificationof hydroxy compounds. Preparation : From carbonyl compounds
Aryl carbinols by hydroxymethylation.

Phenols -
a) Bydiazotization

b) -From sulfonic acid

c) From Cumeni

d) By hydrolysis ofhalobenzene.

Physical Properties - Hydrogen bonding ( intermolecular and intramolecut4r ), effect of hydrogen
bonding orr boiling poinr and water solubility.

Chernical properties -
a) Acidic nature of phenols

b) Formation of alkoxides / phenoxides and their reaction with R X
c) Replacement of oH by X using PCI' PBrr, soctz and with HX I zn crr.

a) Esterification by - acid halides, anhydrides ancl acids ( mechanism )
b) Esters of inorganic acids

c) Dehydrationofalcohols.

oxidation of alcohols by cro' KMne. special rcactions of phenols

a) Bromination

b) Kolb- Schmidt reaction

c) Reimer - tiemann reaction

d) Azocoupling

Identification of alcohols by oxidation - KMnQ, Ceric ammonium nitrate, tucas reagent. phenols
by reaction with FeCl, and by solubility in NaOH. Polyhydroxy compounds,,pinacot I pinacalone
neanangement, oxidative cleavage ( Pb( OACL and HIe ).

2.2.1 Nomenclature :

Alcohols are the hydroxy derivatives of alkanes. In IUPAC system alcohols are named as alkanols.
The nbmes of various alcohols are obtained by replacing the suffix 'en of the corresponding alkane by .ot'.



Compound

cH3 oH

cHrcH2oH

OH
I
IcH3-cH-cHs

OH
I

IcHs-9-cHs
I
I

cHs

IIIPAC Name

Methanol

Ethanol

Propanol - 2

Cornmon name

Methylalcohol

Ethylalcohol

Isopropyl alcohol

2 - MethylPropanol-2 T- butyl alcohol

2.2.2 Classification :

Monohydric alcohols :

These alcohols contain only one hydroxyl group.

Ex : CH3 OH Methylalcohol

CH3CH2OH Ethylalcohol

Dihydric alcohols :

These alcohols contain two hydroxyl groups.

Ex : CH"OH
I

CH"OH Ethylene glycol

Tiihydric alcohols :

These alcohols contain three hydroxylgroups.

Ex : CH"OH

t'
CHOH

I

CH.OH glycol

Polyhydric alcohols :'

These alcohols contain more than three hydroxyl groups.

Ex : Mannitol. cH2oH ( cHoH)4 cH2oH



2.2.2.1. Classification of Monohydric alcohols :

Primary, Secondary and Tertiary alcohols :

When the hydroxyl group is attached to primary ( lo) carbon, the alcohol is known as P-alcohol.

Ex : CH. OH Methyl alcohol

CH.CH.OH Ethylalcohol

When the hydroxyl greu'p is attached to Secondary (2o) carbon, the alcohol is known as S- alcohol.

Ex : CHr CHOH CHr lsopropylatcohol

When the hydroxyl group is attached to Tertiary (}o) carbon, the alcohol is known as t- alcohol.

OH

I

Ex : CHs-? CHs T- butyl alcohot.
I

cHs

2.2.3 Preparation of Alcohols :

From carbonyl compounds :

Aldehydes on reduction gave primary alcohols where as ketones gave secondary alcohols.

2.2.3.1. Bouveault - blanc reduction

Carbonyl compounds on reduction with sodium and ethanolgave alcohols.

C{OH N'/c'HroH ) CHsCH2OH

Acetaldehvde Ethylalcohol

CH3COCH3 Na/c'HoH 
> CHTCHOHCHI

Acetone Isopropyl alcohol

2.23.2 Reduction with metal hydrides :

Carbonyl compounds on reduction with lithium aluminium hydride or sodium hydride gave alcohols.

CH3CHO NaBH. > CH3CH2OH

cHrcocHr cHrcHoHcHr

2.2.3.3 Catalytic hydrogenation :

Carbonyl compounds on reduction with hydrogen in the presence ofsuitable catalyst gave alcohols.

cH3cHo+H' -#> cH3cH2oH

cH.,cocH.+H" + cHrcHoHcH3



2.23.4 By the ection 6f Grignard reagents ?. ' .

e) Primary alcohoh : Formaldehyde reacts with Grignard reagentfonn;ing P..alsqhs;.

Ethylalcohol

b) Secondrryehohols,.tli:l;fff otherthan formaldehydere#twith Grignardreasent formi4gi

c) Tertiery alcohols : Ketones react with Grignard reagent fonning T - alcohols.

OH

,/>i
\-

Saligenin

HHll
n-l-o-.....-9tbY4-+ t-t-oM$ H3o" > H

t".
I-o" + Ms (9H)l

cHs

cHs
I

InP. ,"*.-{-oH+ Ms (oH)Br

J'a.\

Isopropyl alcohbt

!.{ cHsll
n3c-i-9 cHrMeBr tHrc-[-gMgBr

I
cHs

?"' cHg 
?"'H3C-i-9 cHJueBr rr."-d-oMsB, H3o' I

-""t"1, 

+ctrs 
f;ot. 

Mg(clH)Br

T- butyl alcohol
2,.2.4.Aryt Carbinols : '

Arytcarbinols arc aromatic alcohols, Aromatic alcohols are the aryl derivatives of aliphatic alcohols.

c40H

Phenyl carbinol
( benrylalcohol) ( Salicylalcohol (,or ) O-hydroxy benzal alcohol )

cH2 oH



Preparation:

2.2.4.l.Ldcner - Mrnesse rrcactlon : ( hydrory methylation )

Phenol on condensation with formaldehyde in the presence ofdilute acid or alkali form O- hydroxy
and P- hydroxy phenyl carbinols.

cH2oH

OH

lz ---. \

v
I
ct-t2oH

+ HcHo -#f,*-,

2.2.4.2. Hydrolysis :

Benzyl chloride on hydrolysis with aqueous sodium hydroxide forms phenyl carbinol.

d".NaoH* d'**""'
2.2.5. Physical Properties :

2.2.5.1. Hydrogen bonding :

Solubility:

Alcohols are readily soluble in water. lt is due to the formation of hydrogen bonds between alcohol
and water molecules.

H-O---H-O----- H-O......ltlriAH
Boiling Points :

Boiling points of atcohols are much higherthan those ofthe coresponding alkanes because alcohols
undergb molecular association due to hydrogen bonding.

H-O-----H-O----- H-O ... .. .ltlAAA
Hydrogen bonding occurs due to the polarity of - OH group which is due to high electronegativity of

the oxygen atom.

6' 6.''
R_O _H



2.25.2. Nrture :

Alchols are neutral because alkoxide ion has no rcsonance stabilisation. They are less acidic than
water.

R- OH =: Ro.+ H*

no resnanoe

2.2.6. Chemical Properties :

2.2.6.1. Formation of alkoxides :

Alcohols react with N4 K, Ca, Mg forming alkoxides.

2ROH+2Na + 2RONa+H^
Sodiumalkoxide

Alchols do not form alkoxides with NaOH because alcohots are less acidic than water.

2.2.6.2. Reaction of alkoxides with RX : ( williamson synthesis )

Alkoxides react with alkyl halides formingethers.

^,-\
nOf.fE + RLX 

-
RoR + rul X

Alkoxide ion is better nucleophile than alcohol.

2.2.6.3, Replacement of OH by - X :

a) Action with PCl, :

Alcohols react with.PCl, forming alkyl chlorides.

ROH + PCl, -+ RCI+ HCt+ POCI3

b) Action with PBr. :

Alcohols react with PBr. forming alkyl bromides.

3ROH + 3PBr, + 3RBr + H3 PO3

c) Action with thionyl chtoride ( SOC!):

Alcohols react with SOCI2 forming alkyl chlorides.

ROH + SOCI2 + RCI+ Sq + HCI

d) Action with halogen acids

Atcohols react with HCI in the presence of anhydrou sZnClrforming alkyl chtoride.



ZnCln
RoH + Hcl - anFddts-+ Rcl+ H2o

2.2.6.4.Esterification :

Alcohols react with carboxylic acids, aiid hatides and acid anhydrides forming esters.

In'all

Mechanism

R-OH+RICOOH + RCOORT +H2O
Carboxylic Ester

acid

R-OH + RTCOCI -> RCOORT+ HCI
acid chloride

R-OH + (RrCO)rO -) RCOORT + RTCOOH
acid anhydride

these reactions hydrogen of - OH group is replacerJ by an acyl group ( - COnl;

Protonation of carboxylic acid :

Rl_ Irl .

ii) Nucleophilic attack of ROH :

OH

o
ll
c
I

OH

OH
IRl-i +
I

OH

Rr-d t *:d-n
J,V'

iii) Elimination of Proton :

iv) Elimination of water molecule :

I

H

I

- o-R
+

OH

)(oH
, \l -H^oRr_C-O-R Ri_ C-On11-' lto3H o

OH



2.2.6.5. Esters of inorganic acids :

Alcohols react with mineral acids forming esters.

ROH + HONO, -+ RONO" + H2O

ROH + HOSO.,FI -+ ROSOIH+ H2O

The ease of replacement of - OH foltows the order ter > sec > primary.

2.2.6.6. Dehydration of alcohols : '

Dehydration of all alcohols leads to olet'ins. Dehydration is done wiur

i) By heating alcohol with Conc. H"SO. at 200oc - 250c.

ii) By heating alcohol with phosphoric acid at 200oc - 250oc,

iii) By passing vapour of alcohol over alumina at 35Ooc - 400oc.

a) Primary alcohols :

cH3cl{?oHl#B- CH, = CH"+ s,s

Ethylene'

b) Secondary alcohols :

OH
| ru^o^

CH3CH2CH CH. jft,{_; CH3CH : CHCH. + CHTCHTCH = CH,

2- butanol

c) Tertiary alcohols :

?*,
I

CH3-C . CH HzSO+ 
,

I
I

cHe

t - butanot

The order of ease of dehydration is

Tertiary > Secondary > Prirnary.

Butene-l ( nrajor) Butene-2

cH3-c-cH2
I
cHs

2- methyl - l- propene

This is inaccordance with the stability of carbonium ions.



Mechanism :

i) Protonation of the alcohol :

.("-\*
CH3 CH2 9H * H + ,CH3 CHz

Elimination of HrO forming carboniumion :

++
CH3 CH2 OH2 

- 
CH3 CHz + H2O

iii) Elimination of proton forming alkene :

+

9H,

ii)

Tr---.,
C"r:L;", -+ CH, = CH, + ;1*

Ethylene

22.6.7. Oxidation with alcohols :

Oxidation with CrQ :

a) Primary alcohols are oxidised to aldehydes and then to carboxylic acids containing same number
of carbon atoms.

RcH.oH 
cro3' H+ 

) RcHo cro3' H+ 
> RcooH

b) Secondary alcohols are o*iaiseO to ketones containing same number of carbon atoms.

cH3cHoHcH, cror, H+ , cHrcocH3

c) Collin's reagent : It is chromium trioxide pyridine conrptel ( CrO, .2Py ). It is used in non-
aqueous solvents to check the oxidation of aldehydes to acids.

RcH,oH -ss#Lt RcHo

d) Sarett's reagent : It is chromic anhydride pyridine complex.

i) It checks the oxidation of aldehydes.to acids.

ii) It oxidises - OH group selectively in the presence of C = C.

RcH2oH -HrSt RcHo



2.2.7.Identitication of alcohols : ( distinguishing primarlr, secondary and tertiary atcohots)

2.2.7.1. Oxidation with KMnO4 :

Primary Alcohols :

Primary alcohols are oxidised first to aldehydes and then to carboxylic acids, both having sanre
number of carbon atoms as the parent alcohol.

cH3cHzoH -+ffiHfr) cH,cHo #+ cqcooH
Etfrylalcohol Acetaldehyde Acetic acid

no.of carbon atoins : 2 no.of carbon.atoms = 2 no.of carbon atoms : 2

Secondary Alcohols :

Secondary alcohots are oxidised first to ketones having same number of carbon atoms as in alcohol.
Then ketones are oxidised under drastic conditions forming carboxylic acids containing less number of
carbon atoms.

cH3cHoHcn' #;fr cH3cocHs #*p cH3cooH +

Isopropylalcohol Acetone Acetic.acid
no.of atoms = 3 no.of atoms = 3 no.of atoms = 2

Tertiary Alcohols :

HCOOH.

Tertiary alcohols are oxidised under drastic conditions first to ketones and then to acids both having
less number of carbon atoms.

( cH3)3c - oH -#rP ( cH3).co #*ff+ cqcooH + HcooH

Isoprcpyl alcohol Acetone Acetic acid Acetic acid no.of
no.of carbon atoms: 3 no.of carbon atoms = 3 no.of carbon atoms : 2 carbon atoms : 2

I

I alkaline

I KMnOo
v

no action.
2.2.7.2. Lucas reagent test :

Cocentrated hydrochloric acid in the presence of an hydrous Zinc chloride is called Lucas reagent.
Alcohols react with Lucas reagent to fo'rm alkyl halides. The order of reactivity is ter> Sec.>fri..

ZnCl,
R- OH + HCI 

- 

R-Cl + H"O



The three types of alcohols wrdergo this reaction with different ratgs. At room tempenture

D If cloudiness appears immediately, the alcohol is tertiary.

iD If cloudines's appears with in 5 minutes, the alcohol is secondary.

iiD If no cloudiness is formed, the alcohol is primary, because printary alcohols do not react

with Lucas reagent at roon! t€mPeratur€

2.2.7s.Ceric ammonium nitrate test :

It is a qualitative test for alcohots. 4 -5 drops of the compound to be identified are added to an

aqueous ceric amrnoniumnitra$e solution. Forrnation of red colour indicates the presence ofalcohol.

Alcohols replaco nitrate ions in complex cerate anions there by causing change in colour.

(NHo), Ce(NOr)u + ROH + tNlU, Ce (NOr), (OR)l + HNO3

Yellow Red

Aliphatic bases intcrftre with this test by forming precipitates

2.2.8. Preparation of Phenols :

2.2.8.1. Diazotisation :

' Amines react with NaNO, and dil.HCl at 0-5oc forming diazonium salts. It is called diazotisation.
Diazonium salts on hydrolysis with dil, HrSOo form Phgnols.

Aniline Benzene
diazonium chloride

*cl-

+ H'o -FHr- +N"+HCl

OH
I/\-

l.--r \
| \-/ I

\-/

Phenol



ONa

o

2.2.8.2. tr'rom Sulphonic acid :

Sodium salts of aromatic sulphonic acids on fusion with NaOH at 300oc form sodium phenoxide.
The sodium phenoxide on acidification gives Phenol.

OH
I

l\-/lV
Phenol

NaOH

-t Sod.sulphonate Sod. Phenoxide

2.2.8.3. From Cumene :

Cumene on oxidation with oxygen forms cumenehydroperoxide which on decomposition with acid
forms phenol.

Isopropyl benzene
( Cumene )

(cHJrCO

Acetone

2.2.8.4. Hydrolysis of halobenrone z ( Dcw's process )

Chlorobenzene on heating with l0% NaOH at 300oc temperature and 200 atmospheres pressure
form phenol. | 0% diphenyl ether is added to inhibit side reaction.

+NaoH #;#ft

Chlorobenzene Phenol

2.2.g. Physicat Properties i ( Intermolecular and Intramolecular hydrogen bonding )

Intermolecular hydrogen bonding : ( Boiling Points ) :

Pherrols undergo intermolecular hydrogen bon 'j.'g. So, they have hign iroiiing points than the
corresponding hydrocarbons, aryl halides and alcohols.

Benzene sulphonic
acid

?"'6
oz> or, 

,)

cl

o

H*>

OH
I

J.
a-\l,z\l

l\-/l

Phenol

OH



Ar\o
.........H Ar

Inter molecular hydrogen bonding
in phenols.

Also O-H bond is more polar in phenols than in alcohols. Consequently intermolecular hydrogen
bonding in phenols is strongerthan in alcohols.

Solubility:

Phenols and polyhydric phenols are soluble in waterdue to strong hydrogen bonding between phenols
and water molecules,

ArO
\^ ..,/ \o-------H 'H

.........H

Hydrogen bonding between
phenol and water molecules

Intramolecular hydrogen bonding : ( chelation)

Phenols containing - NO, or - COOH groups in orthoposition to the - QH group form intramolecular
hydrogen bonds. So, they have lower boiling points and less solubility in water corresponding to the meta or
para isomer.

Ex : Orthonitrophenol and paranruophenol.

o-"

N'to
J
o

O-Nitrophenol
lntramolecular hydrogen bonding takes place.

Intermolecular hydrogen bonciing is not pcssible

P-Nitrophenol
Intra molecular hydrogen bonding is not possible.
Inter molecular hydrogen bonding takes place.

:

:

tt



Du€ to intramolecular hydrogen bonding ortho isomers can neither undergo molecular association
norform hydrogen bonds with water molecules. So, ortho isomer has low b.p. and less sotubility in water.
Meta and para isotners underigo molecular association or form hydrogen bonds with water. So, meta and
para iso.mers have high b.p. and rnore solubility in water.

22.10. Chemical properties :

2.2.10.1. Acidic. nrture :

Phenols are stronger acids than alcohols but weaker than carboxylic acid.

Acidic nature of phenols is due to nesonanse stabilisation of phenoxide ion. No charge seperation is
noticad in the rpsonance forms of phonoxide ion.

oHoIIrA;-^ (h.".v=v
ooo

---*A€A--'A\r' v \-/
Resonance of phenoxide ion

Formation of phcnoxides :

Phenols react with alkalimetals and their hydroxides forming phenoxides or phenates.

OH ONa

-A-- )
'fo)+2Na',fi-l *,,,vv/

SodiumPhenoxide

OFt ONa

O+NaoH-O+Hp



Phenols do not react with carbonates ( difference from carboxylic acids ) Phenols form phenoxides

with NaOH because they are mort acidic than water.

2,2.10.2 Reaction of Phenoxide with RX :

Phenols react with alkylhalide forming phenolic ethers ( williamsoa,$ynthesis ).

?-.tr-cH:cHz
,a;i\2
Phenylallyl ether

OH
l(

, aXrcH;cH:cH'v
Allylphenol

In the presence of polar solvent ethers are formed while in the presence of non - polar solvent
negative charge on the phenoxrde ion delocalise into the ring. Hence alkylation takes place in the ring.

2.2.10.3. Replacement of - OH by - X :

Unlike alcohols, it is difficult to replace - OH group of phenols by halogen. Halogen acids do not
roact witlr phenols. Phosphorus trihalides give phosphorus esters. How ever, Phenols react with PCl, or

IPBr, or SOCI, forming arylhalides.

OH ONa

+ NaX

Phenolic ether

The reantiorr of phenoxide ion with RX depends on the nature of the solvent used.

oNa.H,o+Rx-+

OR

o
,6Na*
IrA

I t-/ | * cHr-CH2 cH,Br

V At[tbronide
Sodium phenoxide

Polar

Solvent



Chloro benzene

+ PBr,

2.2.10.4. Esterilication :

Phenols rcrict with,aeid chtorides or acid anhydrides to fonn esters.

oFl
l.

-/ \.L/-\ 'l

l(,) l+
L\J)

\/

OH
I

,aA-l \-/ |

\/

Kl, :) + POCIs + HCI

+3

ot{ :

I

-/_\
l( )l+
\.,/

Ol'l

o

ococH3

+ cH3cocr -+ 
O 

+ HCI

Acctyl chloride Phenylacetate

ococH 3

(cH,coLo.-LuqU-' 

O 
+cH,cooH

Aceticanhydride

9COC6H5
I

+ cuH,cocr -+ fO + Hcl

\-/
benzoylchloride



The reaction with benzoyl chloride is known as schotten - Baumann reaction.,

2.2.11. Special reactions of Phenols :

2.2.11.1. Bromination :

a) Phenol reacts with bromine at lowtemperature in the presence of non - polar solvent fornning:,
monobromophenol.

OH OH

"?1E,^, o". o
phenot Gbromophenot ,-r.*ooiBJnor

b) Phenol reacts with aqueous solution of bromine forming a white precipitate oftribroqgphenol.

+ 3 Brz (aqJ -)

,Br

Tribropophenol

Her€ water facilitates the ionisati6n of phenol to phgnoxide ion which is more reactive towardi
elcctophi I ic substitution.

2.2.11.2. Kolb - schmidt rcaction :

Sodium salt of phenol on heating with carbon dioxide at 120-140"c under ppqsure foims ortho
hydhoxybenzoic acid ( Salicylic acid ).

OH

o

+ cq 129;L10'c t

ONa

o COONa

H*i 
>

OH

Sodium phenoxide Salicylicacid



A small amount of P- hydroxy benzoic acid is also formed. If potassium salt is used P - isomer is the
rnainproduct. , : i

22.113, Rcimer - Tiemann reaction :

Phenol when treated with chloroform and.sodium hydroxido, ao aldehyde group is introduced into
the benzene ring.

OH

J-. ,/:. \.tol
\--l

I
I

cHo

CHCI.A{aOH

-t-
Phenol

22.11.4. Azo Coupling :

O- hydroxybenzaldefu ydg
( Salicylaldehyde )

P- - hydroxybcnzbldehyde

;.1

Phenol undergoes coupling reaction with benzene diazonium qtlloride fongting an orange azodye.

N2Cl + ott -1 ffi
reacuon

Benzenediazonium Phenol

zz.l2.Identification of Phenols :

2.2.12.1. Rcaction with Ferric chloride :

. .; ' 'p - hydroxyazo benzene (orange dye)

Phenols form coloured complexes with fenic chloride in 4queous solution.

2J,.122. Solubility in NaOH :

Hex coordinated
Complex{viol*)

Most of the phenols are strongeracids than. wdter. Thcy are weakly asidic when compared to
crrboxylic acids. A compound.which is not soluble in aqueous NaHCQ but soluble in aqueous NaOH is
likolyto be phenol.



OH 6Na*

+NroH + 
O+H,o

Sodium Phenoxide

zz.l3.Polyhydroxy compounds :

2;2.13.1. Pinacole - Pinacolonc rcernrgcment :

'When pinacole is distilled with 6N Sulphrnic acid or refluxed with 50% phosphoric acid, pinacolone
is formed. It is applicable to |,2 - glycols.

9ttsI ail H^so,
9-cnr ----4+cH3
I

OH

2.2.13,2. Oxidative cleavagc uring htd tctrb rcctrte lPb (OAC)nl : .

1,2 - Glycols can be easily cleavcd undcr mild conditions using lead tetra acetate.

R+cH-cH-R Plt(oAc)4 ) RcHo + RCHol!loH oH

*r-?-?r 
-Rl 

m(onqo 
,

OH '\l{ ./C:Q 
+ RCHo

R-

Cis - glycols rcaot more napidly.than trans - glycorr.

22.l3.3.Oridativc clervage usirg periodic rcid ( HIO) :

Vicinal diols andrvicinal triols can be scloctively cleaved using periodic acid.

i) Oxidation of Vicinal - diols to carbonyl compounds.

" R.-gH-i-gH-R . tq'Hlo4 
> RcHg* RcHoI :l

oH oH

cHs-
9Hs

Ii--
I

of{

?"
?--fr-"'
cHs o



)1

. 1 \nz-g-icH-R 'q'HIo4 > )e:o + RcHof:t.zoH oH R-

ii) Oxidation ofVicinal - triols.

R -cH -cH -gH aR 
t T'HI94, | *cHo.* ucoon + nbnotrlOH OH OH

For Glycols, number of C- C bonds cleavd'is equal to the number of periodic acid nrolecules
'.:1...,

22.14. Model Questions. : l r'' l,

l. What are alcohols? How are they classified?

2. How do you distinguish primary, secondary and lcr.tiary alcohols?

3,Whatisanary|carbino|?Giveanexamp|ewithprcpar1tion?
' .' , '., I 

:

4. Explain l l
a. Kolbe's reaction

b. Ricmer-Tiemannreaction

c. Pinacot- pinacolone r€arrangement

5. a) E:rplain the methods of preparation of phenol

b) Phenol behaves as a weak acid but alcohol does not. Why? :

6. Wrirc preparation ofalcohols fromcarbonyl cornpounds

7. How do you convert phenol to salicylaldehyde.

t. What is lucas reagent ? what for it is used ? explain with surtable exampir:.

9. Givethemechanismofesterificationofalcohol, , ,, '. ,, . l

10. Discussthegeneral mcthodofpreparingethytalcotrol. Expleinhow itreuct vith . :

i)RMg,(

ii)rcl
tt. l{w P- h1'droxy azobenzene is prepard from phcnol.



12. What kind of difference is notic€d in the oxidation products of primary, secondary and tortiary

alcohols.

13. How can you:distinguish intermolecularand intramolecular hydrogen bond with two examples ?

l4.i Phenol hashigherboilingpointand is more soluble in waterthantoluene. Explain.

15. Phenols are more acidic thah alcohols but less acidic than carboxytic acids. Explain.

Dn S. Siva RamBabu, Msc., Ph.D.
Reader & H.O.D.
Deptof chemistry
J.K.C.College, Guntur-



2.3.1Nomenclature :

:fJNfT:-rr

'Lesson -III

ETHERSAI\D BPO)ilDES
2.3.0 Nomenctature : Preparation by (a) Williamsons synthesis (b) From alkenes by the action of Conc.
H,SQ. Physical properties - Absence ofHydrogen boding insolubility in water, low boiling point. Chemical
prg,Derties - inert nature, action of Conc. qsq and HI. Acid and base catalysed ring opening of epoxides

- orientation.
I
I

\i

In IUPAC System, ethers are named as alkoxyalkanes: The larger alkyl group is considered to be
the parent alkane.

cH3-O-CHrCH3

Methoxy ethane

23.2 Preparation :

a) Tt/illirmcon synthesis :

Alkyl halides on heating with sodium or potassium alkoxides or phenoxides form ethers.

RONa + RtX + RORI+ NaX

CrHrONa + CHrBr + CH! - O - C2H5 + NaBr

+ ClIrBr + + NaBr

SodiumPhenbxide Methyl Phenylether.

This method is also useful for preparation of mixed ethers.

. Tertiary alkyl halides undero elimination formingalkenes. So, forpreparing unsymmetrical ethers
terti?ry alkoxide and P - alcohol are uscd.

(CH3)3CONa+CH,CH, Br -+ (C4), C-O-CH2CqaNaBr
Sod. ter butoxide

,rc{3
/

C2H5-O
\ar rar.

2 - ethoxybutane.

ONa

o



Here (CHr), CBr and C{CH.O Na gives only alkene.

b) From alkenes :

Alkenes on addftion with alcohols in the presence of Conc. H'SQ form ethers.

?"
CH3-C:CH2 + CH3OH

?"cH3-? ocH3

cHg

With simpler molecule3.

H"SO
ovmiko

cH,: sFI, *iltg.-) cHscH2oso3 H

CHTCH2OSO, H CH]OH -+ CHTCHTOCq + HOSOTH

2.3.3 Physical Properties :

a) Absence of hydrogen bonding : ( bw boiling pornt ) ,
There is absence of - OH group in ethers. They can not fonn associaterl molecules Cle to the

absence of hydrogen bonding. Hence their boiling points are much lower than the corresponding alcohols
and nearer to those ofrespective hydrooarbons.

b) Sotubility in water:

The hydroxyl group of watercan form hydrogen bond with the oxygen atom of ether. So, They
are sparingly soluble in water.

2.3.4. Chemical properties :

2.J.4.1. Inert nature :

a) Etbereal oxygen ( C - O - C ) :

Inethers,etherealoxygen(C-O-C)islinkedbetweentwocarbonatoms.ltiscomparatively
inert . So, ethers are comparatively unreactive. They are as inert as alkanes. The ether linkage is quite

stable. Ethers are inert tq bases, qpld or dilute pids, reducing agpnts and oxidising agents like aqueous

KMnQ.

b) Crrbon - oxygcn bond : (C-O)

In ethers, carbon - oxygen bond is fairly stable. But it is not stable as carbon - carbon (C- C)
linkage. It undergoes cleavage in the presence of a number of reagents.



23.4.2. Action of Conc. HrSOo :

a) Ether., form Oxonium yalts with Conc. qse.,
(CH,), O + H2SO. -+ [(C#rr, OH J + HrSQn

Ether Oxinium salt

b) Ethers on heating with Conc: HrSOo f,orm.aUcyl,hydrogen sulphates.

crH, - o - c2H5 I H,sQ corc., C2H5OH + C#5 H2SO{

CrH, OH+H2SO. +C2H5H2Sq +H2O

2.3.43. Action with Hydrogen Iodide :

a) In Cold :

Ethers react with HI forming the corresponding alkyl iodide and'alcohol.

crH, - o - c2H5 + Hl cM 
>. czH5oH + CrH J.

In the case of rnixed ethers the iodine atom is always attached to smaller,alkyl group due to less
steric hinderance. It follows SN2 mechanism.

cH, - o - c2H5 + 2HI -) CH3I + CTH TOH

Propyl isopropyl ether, propyl tgrtiary butyl ethers are exceptions. They follow SNt mechanism.

cHrcH2cH2- o - cH ( cq)' + HI -+ CH3CH2CH2OH i( CH])rCHI

b) In hot:

Ethers on heating with HI form two molecules ofalkyl iodide.

crHr-o-c2H5 +2Hl _ry+ 2C2H5l+H2O

' The reaction of ethers with HI forms basis of Ziesef method for tfre detection and estimation of
alkoxy group in a compound.

In alkylaryl ethers onty alkyl iodide and phenot are formed.

-#l-
Atrisole

Diphenyl ether does not give phenyl iodide even with excess of HI.

'G-

OH



23.5 Ring opening of epoxides and orientation :

e) Acld cetalyred ring opcning and orientation :

. When an epoxide is treated with anucleophile like.llrO, ROH in the presence of an acid,it undergoes

C - O cleavage.

C{Z-rCH2 + H,o H* ,
\/

o

Mecbanism:

D Protanationofepoxide.

"KleHz+ 
w +

o

D Formationofcarbocation.

CH2-CH2 r-S!Es-'\/
\f'o+

H

iif Nucleophilic attack by SNt mechanism.

nzcLfnz
OH

Nu-H .

-

HzcflHz
OH

Nu

I
c

In acid catalysed ringopeningof unsymmetrical epoxides, ringopening is favoured in thatdirection

which gives more stable carbocation.

OGH3

(cHdz 

T/"r, 
+ H+ +(cHg)z 

\_ /"rr+(cHg)z 
i-1rz GLGI >r!*r,r"-.r,oYl'1,

CH

I
OH

z-\nz
OH

'K;/o"
H

tr-T z+H

OH



Ottcnbtion : '

This is a stereo selective reactirqn. The 1 ,2 - dioh fonned oorrespond to tnti addition to rthe carbon
-carbon double bond.

b) Brrc cetalysed ring opening and orientation 3

When an epoxides is treated with a strong nucleophilic reagent like NH' Amine the epoxide
undergoes C - O cleavagi:.

H2C. CH2 + NH, -+\/
o r'''r'oH Nn,

Mcchenirm :

D In this case the non - prctonated epoxides is attacked by the sbong nuclephile forming alko:xide
ion.

H2C-GH2 + Na, ---:->
\/
o

T"or_r,
o

iD The alkoxide ion is then protonated forming the product.

Tt' . ..+ Tt'o{2-fr 4 &rz-f,
ooH

ln base catalysed Unsymmetrical epoxides, the nucleophile attacks the less substituted carbon atom

which is less hindered forming alkoxide ion which is then potonated. -

.r=\
cH, d+ ",i-J cHg-----) c&oo-h;[|"t.

1,.
a,

cH3ocFt2-cH cH3

OH

1 - ethory - 2- Propanol



Acffon witb Gr[nerd rcagelt :

, Grigtatd tcagcnt rcact with ethyhnc oxide fornring P - alcohol.

cH3 cH2 cH2oH

1" - alcohol

'

23,6. Model Questions ':

I . Write different methods of prcparation of ethers:

2- What is Wjlliamson sYnthesh.

3. Dissuss,the reaction of Hl with simple and mixed ethers in different conditions.

4. Theboiling point ofdiethyl cther is considerably lowerthan that ofethyl alcohol. Explain.

5. ,Discuss acid and bss€ eatalyseddpgopeningof epoxides.

Dr. S. Siva ltamBabu, M.sc., Ph.D.
Rsader & H.O.D.
Dept of chemistry,
J.K.C. College, Guntur



UMT. II
Lesson - IV

CARBOI\WL COMPOUNDS.
2.4.O

Nomenclatureofaliphatic and ammaticcarboylcorrpoundsand isonrcrism. Synthesisof aldehydes
and ketones from acid chlorides. by rising | ,3 - dithialros. nitriles and from ca$oxylic acids. Special methods
for preparing aromatic aldehydes.and ketones by -

a) Oxidation of arenes

b) Hydrolysis of benzyl halides.

Physical properties - absence ofhydrogen bonding. Kcto-€E!ol tsutornerisrq polarisability ofcarbonyl

groups. Reactivity of carbonyl group in aldchydes and kotones. Chemical reactivity -. i) Addllion of a)

NaU-SO, b) HCN C) RMgX d) NH, e) RNr! f ) Nl{roH g) Ph NHNH2b)_2::7- DNP, Schiffs bases,

additicn- of H.O to form hydrate (unstable), comparison with chloral hydrate ( Stable ), addition ofalcohols

hemiacetat anb acetal formation. Halogenation using FCl, with mochanism. Base catralysod reactions- with

lrarticrilar ernpSasis on Aldol, Cannizaro reaction, perkin reaction, Benain condensation, haloform reaction.

Knovenagel condensation. Oxidation reaction-KMnO.,Oxidationandauioridationi reduction .T!11{i:
hydrogenation, clemensen's reduction, Wotf - Kishnei reduction, MPV rsduction, reduction with LAH'

lLnH] en"lysis - 2.4 - DNp qest, Tollen's rc$, Fehling's test, Schifs rosf haloform tost ( with equations).

Introduction a, 0 -unsaturated carbonyl compounds.

z.4.LNomenclature of aliphatic and aromatic cartonyl compounds :

a) Aldehydes : ( F- CHO)

In IUPAC system aliphatic aldehydes are named as allianals.

Common tarlc

fonnrldeltyde

Acaaldchyde

n- butanaldehYde Butanal

Phcnyl acetaldehyde Phenylethanal

Aldeht.les in rvlrich - CHO group is directly attached to the ring u€ named by addiqg the suffix

cerbaldehyde.

Formula

H*CHO

cH"cHo

cH.cH. cH,cHo

c.H.cH- cHo

ruPAC name

Methanal

Ethanal



cHo

o

Ketones in whioh >€Oemun,isafqqts{lo the benzene ring are named as phenones.

'i,:ntt "rte$*rt

Benrene carbaldehyde
( common name: Bedzahfrtyde)

,b) Ketones : ( RCOR )

Formula , - .; ,

cHscH2cocH' "

gHTCOCH3

c-H-cH^cocH. "

. o tJ a J

2- Nephthalene
CrbaHc{ryde

Common name

' Etbylmelhyl tcetoril

' Acetone

' Benzrylmethyl kctone

Cyclohexane
Carbaldehyde

IIJPAC namc

Butanone

Propanone

l-Phenyl-2-Propanone

In IUPAC system, ketones are named as alkanones.

?oqnu

o
cocl-t

2.4,z,Isome ris m 

Aceto p h e n o n e

a) Aldehydes :

Aldehydes show chain and functional isomerism.

Chain isomers: CHTCHTCILCHO, , (CH'),CHCHO

'n- butanal Isobutanal

Functional isomei's:CHTCHTCHO CHsCOCH!

Benzophenone

Propanal Acetone

cH, =' cH2cH2oH cH, = cHocHr

nllylalchohol Methylvinylether

CH3 C-CH2
\/

o
Propyleneoxide



b) Ketones : Ketoncs show chain, functional and metamerism.

Chainisomers: CI{CH2COC;{3 (cHr)rcH2cocH3

Meftylpropylketone Medrylieopropyllcetone

Metamers : CltCH, C{COCHT cH3cH2cocH2cH'

diethylketoneMethylpropylksbne

2.43 Synthesis of Aldehydes tnd ketones :

2.43.1. Frcm acidchlorides :

r) Roeenmund reduction :

Acid chlorides are reduced to aldchydes with hydrogen in the presence of palladium catalyst over

barium sulphate.

Rcocl + 4 Pd/Bason, RcHo + Hcl

To check further reduction of aldehyde thc catalyst mbfir€ is poisoned by adding a small amount of

sulphur or quinoline. Formaldehyde and ketones cannot bb'preparcd bythis method.

b) Acid Chlorides react with organocirdmium compounds in thi presence of dry ether forming

kotones

2RCOCI + R"id -#.- 2 RCOR + Cdcl2

2C4COC! + ( C2HJ2 Cd ** 2cttcocrH' + cdcl2

2.432. Frcm lJ - dithianes :

a) 1,3- dithiane reacts with alkyllithum followcd by alkyl 1,3* dithiane ( thioacetal ) which on

hydrolysis with HgCl2 in methanol form aldehyde.

^ 
RL./) - cH,cH,Br)- ++i

lxJ 
rHF' 

lx,l 
=',ra;,.,J'

t

ll

SH SH +'cHscHrcHo

Aldehyde1,3 - dithiane ThioaceAl

b) 1,3 - dithiane reacts with excess of alkyllitliium followed Uy'atf4 halide forming dialkyl 1,3-
- 

dithiane (Thioketai) which on hydrolysis with Hg9l, in methanol forn aldehyde'



- 
RLi/rHF\ 

-lxJ ',:x;
1,3 - dithiane

R-X RLi/ THF

ii;

alkyl 1,& dithiane

.( ThioacetaL)

n 5n Hgcr,, RcoR + r-s-."s ' tX cH3oH' x"tonu' sH sH
Li.'\R R R Ketone

dialkyl 1,3 -dithiane
(Thiokeal )

2.433. From Nitriles i

a) Stephen's method :

Alkyl or aryl cyanides on reduction with stannous chtoride and hydrochloric acid in ether form
aldehydes.

ct cl
R-C:N + 2HCt -+ n-C( 2H ', R-C(\NH.Hcl 

- 

\Nn.Hct

Alkylcyanide

b) Hydrogen cyanide reacts with Grignand reagents followed by hydrolysis form aldehydes.
I

HC:N+ RMg X -+ RCH = NMBx HP ;iCHO

c)Alkyl cyanides react with Grignard reagents fol[ow'ed by hydrolysis form ketones.

R. R.
RC:N +RrMsX+ ,)C=Nttrtg:< 

Hro. , ,)r_Od' C"

2.43.4. From carboxylic acids :

a) Calcium salt ofthe carboxylic aqid on dry distillation with calcium lbrmate forms aldehyde.

,d,ldehyde



(RCOO), Ca, + (HCOO)pe A, 
2RCI|O + 2CaCe

b) calcium salt ofcarbo:<ylic acid on dry disti[diou forms ketone.

(RcooLC" 'A ) RcoR+CaCe

2.4.4. Special methods for the prcFntion of aldchydes and ketqnes :
2.4.4.1. Oridetion of erencr :

a) Aldehydes :

(i)Arenes with-Alkyl side chain on the aromatic ringon oxidation with chromium trioxidc and ecctb
anhydridc give aldehyde

The function of acctic anhydride is to prevent furttrer oxidation of aldehyde to carboxylic rckl.

?H, CHO

.,^.- -A-t
|}J -9rQ', [1}l +2cqcooH

ii)Eterd's reaction : Alkyl bcnzenesonoxidationwithchromylchloride in CClnformatdehydes.

cHzcH3 cH2cHooo
b) Kctoner :

Etlryl benzene on oxidation with air at l26oc under prcssur€ in the presence of manguresc acctate
canlyt gives acetophenone.

cHo

o



d"-r,"qe-d''
2.4.42.Ilydrolysis of Benzal halidec :

e) Aldehydes :

Benzal chloride on hydrolysis with alkali gives benzaldehyde.

?Ftcu cHo
, .. -A-.
[1]J +up -GI 

,|]J'+2Hcl

b) Ketones :

Geminal dichloride on hydrolysis with alkali gives benzophenone.

Benzophenone

2.4.5. Physical Properties :

4.5.1. Absence of hydrogen bonding : ( Boiling Points )

Examination of the structures of aldehydes and ketones indicate that thoy lack ' Olf group for
molecular association through hydrogen bonding. Hence boiling points of aldehydos and ketones arc loss

when compared to the corresponding aloohols and carboxylic acids.

4.52. Keto - enol Tautomerism :

All carbonyl compounds containing a - hydrogen atom undergo keto - enol teqtomerism,

Interconvertabte change in nature of the functional group due to the position of a irobile atom is

called Thutomerism. In this ifone is kao form and the other is cnol form, it is oallcd KcSo - cnol tautomerism.



Acetaldehyde
Ketoform

CH3-C-CH3
tl
o

Krtoform
(Acetone)

OH
,/

CH2-C.
-H

Virylalcohol
Enoliform

The structurc in which - OH is attachedto adoubly bonded oarbon is called'enol'( ene + e1 y.

2.4.53-Pohrisability of carbonyl group :

Aldehydes and ketones, both contain carbonyl group ( >C = O ).

I(etosrC . -'- .

-Iffi CH3-C:CH2

J*
enol form

t

I).="

j 1.,

/o koqd .Er: CHq-C' r---tH try

l).-o
Aldehyde Ketone

. In carbonyl g'oup, electronegativity ofoxygen is 3.5. electronegativity of carbon is 2.5. So, oxygen
is more electronegative than carbon and tt - electron cloud is displaced more towards oxygen- This cause
polarisation of the carbonyl grouir.

6'6
>C =O

The polar nature ofcarbonyl goup in aldehydes and ketones is iuported by their targe dipolemoments.
Thc pohr nttu" of carbonyl group causes intcrmolecular athaption.i.e. dipole - dipole attraction in alde-
hydes urd ketones.

V
o"*---"-cllllc------on

Honco boiling points of aldehydes and ketoncs are high when compared to dre correeponding al-
:lnnos. r:



2.,,t5.4 ncrctrnty of certonyl gmrp b dd.fyd.. ud l-rcr ( CtGricrl r*tivitl ) :

a)Carbonyl group undcrgocGlocrrormlbclnct So, nrnloophilicrddition trfcsPbdc-

'6=5 =='i-o
Etcctolnoric effect in carbonyl gtouP

Mcclrdrm :

e) Acid crtilyrcd rrcleoplllic lflldn :

l) Formation ofcartonium ion.

+
>QrO+}f +-C-OH

I

2)Nucleophilic athck.

+_

-C-OH +Nu +
I

Nu
Ic-
I

b)Atkyt goups arc elcctron rcleasing groups. They decrpase the activity of carbonyl group. So,

aldehydes ar€ mor€ rcactive than ketoncs

c) Bcnzcne ring dccrcases the activity of crrbonyl group due to mesomeric efect. So, aliphalic

ccrbonyl compounds are ruorc rcrctivc than rronatic carbonyl compounds.

clro @R

HcHo> RcHo> RcoR' O' O' @""O
d) Ebctdn with drawing gorp inc,rcrcs thc aCivity of carbonyl compounds due to inductivc cfrect

.'. Chlorcacctaldehyc is molp rprctive than acetaldehyde.

crcHrcHo > cqcHo

c) ActMg ol a- hydrogcr : In carbonyl compound a- hydrogen is morp active. It can be

rcmovcd aasily bccausc tho intcnnediate ion has rpsonancc stablisation.

cH3-c_o -r > fetr-?-o <+ cH2:c-ol
H L H ,IJ



e45.5 Cbcnforl,,pnpcr{c : ( l{nsloottilis Addlho rsknu )
a)Adirirn of Sodflrm bf,rrlplib:

Aldolrydcs ud lmnc mt wth toh lil|lDhil9. Crystdlirc rddition Foducts rlt fonrrcd.

CH3-9-O + lrrHso, +
I

.H
Acetrl&hgde

SO3Na

cH3-? oH

H

Acctaldchyde sodium sulphitc

I

-) GH3-C-OH
I

H

Acetaldehydc Cyanohydrin

P-alcohol

SO3Na
ICH3-G:Q+ Nrnso: .+ CH3-C-O|{rlcHg cHg

Acotonc Ac€tonc sodium sulph ite

b) Additim of hydro3cr c,yrridc :

Aq*y-d€s *{ Yq{ ftt, ryAreqcn c}aulidc in rne,. presencg of a base fornring cyanohydrins.

CH3-9-O + HcN
I

H

CN
I

CH3-9-O+ Hclrr -+ CH3-Q-OH
l-lGHg GHg

. Ac@ AcetoneClanohydrin

c) Additbr of Grignard rgrgcr8 :

i) Formaldehyde reacts with Grig4ard r-€agpnts forming p- alcholols.

TR,-g:o + RMs( -H-+-omgx Hf , n-l-ontJ-.1. IHHH
Fontalddlde



ii)Aldehydes except formaldehyde reactswith Grignard reagent forming s-alcohol

i-o[,lgx Hzo 
r

iii) ketones react with Grignard reagent formingt- alcohols.

R

R-e:o + nugX - R-l-oMgx H2o ,tlRR

d)Addition with ammonia :

i)Aldehydes and ketones react with ammonia forming addition products.

*-9-O +RMgx + R-
I

H

cH3-? o + NH,

H

CH3-9 O + NH,
I

H

NHz
I

+ CH3-G-OH
I

H

Acetaldehyde ammonia

NHz
I+ GH3-C-OH
I

cHg

Acetone ammonia

I

+ cqcocH3

Nnz
I

0H3-9-CH2COCH3
I

GHg

Diacetone amine

R
I

c
I

H

R
IR-C-OH
I

H

S-alcohol

R
IR-C-OH
I

R

t:-alcohol



ii)40o/o solution offormaldehyde reacts with ammonia forming hexa methylene tetramine.

6HCHO r.4NH. A ,

-zT:..Hz?- "'[ ?t,
l:.(r'.i{ 

+ 6Hzo

\.,f
hexamethylene

tetramine

Schiffs

R

bases.

amrne

CH3C-Jo f HelNoH ---) CH3CH:NOH * H2Ot--'
H

cHgg=fl.1e NoH ----)
l---
cHs

iii) Benzaldehyde reacts with ammonia foniring hydrobenzamide

tN..
CuHu +

crHucH[!lt
conucrf,Jru

e) Addtion with amines :

Carbonyl compounds react witli p - amines forming

R.

)'fl_dN_R'
H.

C6H5CH:N
\

CHC6H5
/

C6H5CH:N

hydrobenzamide

,)a=**r 
+ Hzo

Schiffs base

2.4.5.6 Action with ammonia derivatives :

a)Action with 
.hydrazine 

:

Aldehydes and ketones reacl with hydroxylamine forming oximes.

Acetaldoxime

CH3-Q:NOH . H2O
I

cHs

Acetoneoxime



b) Actior witt phcoYl hYdrrzine :

Aldehydes and ketones react with phen.vlhydrazine forming phenylhydrazone.

R- R..

)"ig_: "JNNH 
c6Hs ...ic-N NHc6H5 * Hzo

H. H-

c) Action with 2,4 - dinitro phenylhydrazine (2'4-DI\IP ) '

Aldehydes and ketones react with 2,4 - DNP formingyetlow or red preeipitate of 2,4-dinitroPhen;l

hydrazone. It is used as qualitative test for the dercction of aldehyde or ketone.

\ r-a. ,r+ R. ,-.
..)ct. "JNNH<C)|*o, 

i; "'c=NNr(ClNoz 
.Hzo

Ht ' -' 
-Y H'/- fNo2 No2

].4 DNP

2.4.5.7 Addition of Water : ( Hydration )

Aldehydes and ketones on hydration in thc prcsence of acid or base form hydrates ( gcmdiols ).

cf s ctts ,oH\ H*. \ /
.C:O * H2O .C

,/t/\HH'oH
When two -OFI group are attacthed to the same carbon, the compund sholld be unstable and should

lose a molecule of water.

The stability o1'the hydrate decreases u'ith the increase of electron donor {oupt like alkylr.

11 /o* .-- \ *\-C \:': -C:O * H2Oz' \ -'/R'' -oH 
R

When electron withdrarving groups are introduced stability of the hydrate increases due to - I

effect.



Ex : Chloral hydrate.

ct T\lC|-C-C-O * HrO

cl

Chloral Chloral hydrate stable

Here - Cl is electron with drawing group.

2.4.5.t Addition of alcohors : ( l'ormetion of hemiacetals and acetats )
a) Aldehydes react with alcohols forming hemiacetals. Herniacetal reacts with another molocule ofalcohol forming acetal.

oc

'cl H

, ^. \- !..oHclf,c1
v 

t-o,
cl

*-9-_o+ R,oH -P- n
I

H

'g-g+R,ofr ; HcL

, oRl,/plr|rJ fri#R*CH
flLl \

\
bRl

-cH
\

OH

Hemiacetal has a - oH and a - oR group attached to the same carbon. Acetal has two - oRgroups aftached to the same carbon. Both compounds contain an ether linkage.

b) Ketones react rvith alcohol in the presence of HCI fonning hemiketals and ketats.

*\ 
,roc

c
R/ 'ort

RloH .

t'\ 
,rocc

R/ \oR'

2.4.5.9. Halogenatfon with pCl. :

Aldehydes and ketones react with phosphorus pentachloride formingdihalidcs.

,C:O + pCls -t
R

*\ 
,/"'

.C. + poct,

d \.,



>" PC,5 -erher' D(ll .*'',
CvcloPentanone

2.4.5.10: Base Catalysed reactions ( Carbanion addition to carbonyl groups )

a) Cannizzaro reaction :

ln the presence of concentrated alkali aldehydes and ketones withouta - hydrogen undergo self

oxidation and self reduction forming acids and alcohols'

2HCHO _ N"gH, HCOONa + CH'OH

2CIH5CHO -Iaqg- C6H5COONa + CuHrCHroH

Mechanism :

(i) Hydroxide ion addition :

OO'il- IR-C + OH -+ R-C-OHllHH

o9-lul+ R-C-OH +R-C-H
I

H

RCOOH t RCH"O- +RCOO- + RCH,OH

(\tll
'.,c-R

I

H

(iii) Proton transfer:

o\
t?

R-C-OH



b) Atdol condensation :

In the presence of concentrated alkari ardehydes and ketones with a - hydrogen undergo ardot
condensation forming B -hydroxy carbonyl compounds.

fr l* ^.. Ar.^
CH3-9+CFI3CHO d" , cH3-? cH2cHo

l,l
HH

Aootaldol.

9oH
ll D^,.ru\- i"CH3-? + CHTCoCH, Ba(oH)? 

, CH3-9-CH2COCH3ItcHg cHg

diacetone alcohol.

Mechanism :

(i) Formation of Carbanion :

cHscHo 6t , trqcHo
(ii) Carbanion addition :

o ,o'il_ lcHg-f+ CHTCHO -+CH3-C-CH2CHO

,l A
(iii) Proton addition :

o-
I

CH3-$-CH2CHO + H* +
I

H

OH
I

CH3-9-CH2CHo
I

H



(iv) Dehydration :

OH
II
I

cHq_c_cHeGHO + rarr rtrr: cHcHO * ttovr r\) 
i
A

: Crotmal&trYde'

O Pcrkin rtaction : '

In the presence of sodium acetat€, arlofn*ic alddrydcs' rcact with qc€tic anhydride forming a , I -
unsaturated acids.

CH:CHCOOH

i€HrcooH

o
tl
C + cHrco4-€@H, +

I

H

OH
I

c
I

H

X.^.,AA. tta.A
Q) 

+ cH,co-o-€ocH3 clt@ 
V/

Cinnamicacid

cHlco-o=coCur' 9ftcol r::cH2coo-cOcH!

(ii) Carbanion addition :

(iii) Proton addition :

benzaldehyde

Mcchrnirm :

(i) Formation ofCarbanion :

o-
I

c - cH,cwocH3+H'+
I

H

o'

( OFf - "*too'oc*
H

- c4cHocHr



OH
I

? - cH2cmcocH3 -}[o )
H

(v) Eydrolysis :

benzaldehyde

Mcchanism :

(i)Cyanide ion addition :

clEcHcoGcoClt * Eo'+ @cH:cHGooH + cHscooH

d) Benroin condensrtiol :

In the presence of atkalicyanidc, aromatic aldehydes undergo benzoin condensation forming a -bydroxy ketones.

H

(ii) Formation of carbanion ( proton shift ):

o' oH

l-", -1ilr-| \Y 1..HCN



(iii) Carbanion attack :

OH

CN

(iv) Proton.shift :

e) Haloform reaction :

Acetaldehyde or MethyJ ketones react with halogen in sodium hydroxide forminghaloform.

cH.,CoCH., +3Xr+.4NaOH +CrLCOONa+ CH4 + 3 NaX +3F!O

Haloform

cH.cHo + 3X. + 4NaOH +HCOONI + CHX, + 3 NaX + 3H2O

Acetaldehyde

(o\rlll/-\
-C+

I

H

o-

oH o\ oH oI K/.-\ A I ll ,a\
T 7-1re/ - \!,rT -.1.u,/ + *f

HH {,cN



i) Formation oftrihalo compound :

cH.cocH.,

Acetone
I

| 
'oHr s,,

J, fast

cHrcocBr,
tribromoacetone

(i) CH. CHF + HIC (COOH) 2 -+ CH3CH = C( COOH)z + HzO

a l'to,
,.t

CH3CH = CHCOOH

Malonic acid

coH, cHp-fqlc (cooH)2 ->
benzaldehyde Malonicacid

Crotonic acid

C6H5CH = C( CO.OH)z + HrO
I

l-co^al '
\t/

C6H6CH = CHCOOH

Cinnamic acid

(ii)

Brr -^r, D-
# cH.cocH2g, 

--o,H 
/ Bt2 , cHrcocHBr,

ii) Cleavage of carbon - carbon bond :

CH.CObBr. *. OHT3^CH3COOH* 6gr,

1L

cHrco 6 + CHBr,

Brcmoform

$ Knoevenaget reaction :

Aldehydes or ketones undergo condensation with compounds containing active methylene group in
the presence of an organic base forming a , p -unsaturated compounds.



lficcbrnirm :
(i) Formation of carbanion'

cHr(cooH)2+NH' + NH; +-cH(cooH),

(ii) Carbanion attack.

foo
"."r1[a3H(cooH)2 -"u"u-i-cH 

(cooHp

AH
(iii) Protonation.

o- ol'
l----rl

coHs-9-CH (CoOH)z + N Hi -+ c6H5-c-cH (cooH1 2 + NH,
tlHH

(iv) Dehydration.

coHs-

(v) Decarboxylation.

= cH(cooH)2 + Hro

C6H5 CH = CH(COO"), o t a6H5 CH = CHCOOH + CO,

cinnamic acid

2.4.5.11. Oridation rcactions :

r) Oridrtiou with potassium permanganate I
Aldchydes on oxidetion with acidifred KMnQ form carboxylic acids containing same number of

carbnatoms.

cH3cHo + (o) Klvlnot/l{' > cqcooH
Ketones on oxidation witli acidified KMnOn form carboxylic acids containing less no. of carbon

atoms.

cHpocq + 4(o) Kltr'o/{' ) cqcooH + co, + H2o

b) Autoridation :
Aromatic aldehydes undergo auto - oxidation when exposed to air forming carboxylic acids.

ff
C6H5CHO * q ui' ) CoHs-d-O-OH

Pcrbenzoic acid

o
llcoHs-c-o-oH +c6HpHo + 2crHrcooH

benzoicacid

The auto - oxidation of bcnzaldehydc can be preventcd by the addition of traces of pyrogallol or

hydrcquinone.

OH
I

g-CH (COOH)z -+CuHrCH
I

H



2.4.5.12. Reduction reactions :
a) Cgailyfic trydrogenation ::, .

b) Clemenson reduction :

RR
\ H^/NiC-Oz+

'.'',:'l ,i

Aldehydes on catalytic hydrogenation with hydrogen in the presence ofNi form primary alcohols.

RcHo "4:- RcH,oH
I

,condary alcohols.

/

t
lr'
I
I
I

I
I
i

c) Wolf - Kishner reduction :

Aldehydes and ketonqs on rcdustion with arn$Hlun atdZinc'and hydncchloric acid form hydrdcarbons.

RcoR WRcH2R
cqcHo

COCi{ . 
fH 

2cH 3

O#-O
Acetophenone

Aldehydes and ketones on reduction with hydrazine and strong base like KOH form alkanes.

H 3C. H3Cr

)":o + HzNNHz -H.o , 
t":**n 

z KT 
>cH3cH2cH, * N,

//HgC HgC

Acatone Acetonehydrazone

HgC. H3c..
\ rr^ \tc:o 

+ H2NNH, -H'o , )c=*tttH,
//H'H

Acetaldehyde

Ethylbenzene

KoH >cHrcHr+N,

Ethane



d) Meerwein - pondorf - verly ( nmv ) reduction :

Carbonyl, 
"orpounds 

on reduction with Isopropyl alcohol in the presence ofAluminium isopropoxide

form alcohols.

R

,c:o + cHrcHoHcHr

R

R

,CHOH+ cHscocHl

R

e) Reduction with I"AII, NaBEI :

Aldehydes on reduction with lithium aluminium hydride ( LAH ) or with sodium borohydride form
P- alcohols.

cH,cH.cHo {i$Sp cHscH2cH2oH

Plopanal l-Propanol
( lo - alcohol)

Ketones on reduction with lithium alurninium hydride or with sodium borohydride form S- alcohols,

Hscot"=o-ffi.-" 
c6HrcHoHcH3

Hsc

Acetophenone 2o-alcohol

LAH is more,powerful reducing agont than NatsI{..

2.4.6, Analysis of aldehydes and ketones :

a) 2r4 - DNP Test :

. It is a quatitative test to detect aldehyde or ketone. if thc given sample is tiquid, 2,4 - dinitrophenyt
hydrazine ( 2,4- DNP) reagent is added. Ifthe given sample is solid, it is dissotved in ethanol and2,4- DNp
feagent is added. An yellow or red precipitate is formed.

l(crtLcr{o



Aldehydes give positive test with Toilen's reagent but ketones do not.

2mlofTollen's reagentA ( dilute silver nitrate solution ) is added to Tollen's reagent B ( ammonica.
aqueous sodium hydroxide) drop wise until a precipitaie formed isjust dissolved. Then ihe sample is added
and heated gently on a water both. A black colloidal precipitate gf petdtic s,ilver or shiny_s,ilver mirror isformed on the inner sides of the test tube.

CHTCHO + 2[ Ag (NH3)2]. + 3OH -+ CHTCOO + 2Ag+ 4 NH, + 2FI2O r;,

c) Fehling's test :

Fehlings reagent is a good oxidising agent but not that powerful as lfollen's reagent.

Aliphatic aldehycies give positive test with Fehlin$s reagent but ketones and certain aromatic aldehydes
like benzaldehyde do not. . ' ."'

The sample is added to fehling's solution and heated. A red precipitate of cuprous oxide is formed.

Rochelle salt is used toprepare fehlla.g'g sglution: Itcorllgp!,?e mplex cupric ion wi,th tartaric acid
in basic medium. 

i

2RCHO + [ Cu ( tartrate )r]" --jgf-+2RcooH + cuuo

cH3cHo

d) Schiffs Test :

* 2Cu* + 50H -+CHTCOO+ Cu200 + 3H20 "i;r,

Schiffs reagent is aThis is a highly sensitive test for aldehydes. Ketones do not show this test.
dilute solution offuschen hydrochloride ( P; ro;aniti3 ) *fri9b p jecolgurised by Sor.

The sample is added to schiffs reagent. Aldehydes fo*.3 characteristic magenta colour.

e) Ilaloform Test : ( Iodoform test )

Methyl ketones are characterised by this test. .,:

CH.CHO a 3lr+ 4NaOH -+ HCOONa + CHIr + 3Nal + 3H2O

CH3COCHT + 312 + 4NaOH + CHTCOONa+CHI, + 3NaI + 3H2O

Acetaldehyde or methyl ketones react with iodine in sodium hydroxide forming yellow needles of
iodoform.

Cornpounds containing CH3CO group gave haloform test.

2.4.7 a,F- unsaturated carbonyl compounds :.

The a, p- unsaturated carbonyl compounds contain a carbon - carbon double bond as well as a

carbonyl group.



methylvinyl kelone

C6H5CH = CHCHO

Cinnunaldehyde.

2.4.7.1. Preparation :

a) crotonaldehyde is prepared by hcating aldol in the prrcscnce of asid.

CH2:CH- -cHg

o
il
cCH, = CHCHO

acrolein

CH:CHCHO
I

-,^..,

lUr
\,/

Cinnamaldehyde

CH,CH = CHCHO

Crotonaldchyde

(CHr)rq = CHCOCIIT

Mcsityloxidc

OH1.,.
CH3-f-CH2GHO -+ cH,- cH =- cHCHo + Hp

t-H\

b) Misityloxide is prcparcd by hcatingdircctone alcohol in the presence of acid.

OH

I

(CH3)z-C-CH2COCH3 -.J,--1 (cq)' c = cHCocH, * ri,o

2.4.7.2. Properties :

These compounds give all the rcactions of C=C and >C=O.

a) oxidrtion:

e , p -unaturated carbonyl compornds on oxidation with acidified KMnQ form carboxytic acids.

--*;*

cooH
/\-

,/

Benzoicacid

b) MPV reduction :

a , F -unsaturated carbonyl compounds on MPV rduction form a, p- unsaturated alcohols.

C6HpH = CFICHO + CICHOHCH, C6H5CH = CHCHTOH + CH3COCH3



c) Michael addition : ( addition of cartanionsto a,p- unsatuiated carbonyl compounds )

a , p -unsaturated carbonyl compounds react with compounds like malonic ester, acetoacetic ester
in the presence of CrHrONa.

cH, = cHcHo + Hzc ( cooc,HJ, CzHrONa , ?"'-"H2CHO
Acrorein maronicester d,. t"oo czHs)z

2.4.8. Model Questions :

l. What is 2,4 - diphenyl hydrazine? How is it useful in the identification ofcarbonyl group? Explain
with equation.

Explain cannizzaroand haloform rcactions.

Discuss with example the process of self oxidation and reduction of an aldehyde having no 61 -
hydrogen by the action of strongalkali.

How aldehyde can be distinguished from ketone.

Complete the following reactions and name them.

D C2HsCONH, + Br, + 4KOH -+

2.

3.

4.

5.

7.

E.

u)

iiD

cH2o + cH'o 50cloqKoH ,
Trimethyl acetaldehyde + srong NaOH +

iv) cH-cooH caco3 >o Bnolysis, g &oH, c
v) CH.,CHO + Clz + 4NaOH +
vi) CH3COC{ * l, * NarCO, +

vii) CHTCHO 
g-+

viii) c6H5cHo qH 
>

Write balanced equations for the following -
i) Diethyl ketone + Hydroxylamine

iD Methylethyl ketone + HCN

iiD Acetone + HCN

iv) Benzophenone+hydroxylamine

Both >C = O and >C = C< contain double bond. But they show different types of reactions.
Explairr.

Formaldehyde does not give aldol condensation reaction, it rather gives cannizzaro reaction.

6.



10.

lt.

Write notes on the following with mechanisms -
D Aldolcondensation

D Benzoincondensation

iiD Canntzzaroreaction

iv) Haloform reaction

v) Perkin reaction

vi) Knoevenagelreaction

Write notes on the following-
i) Clemenson reduction

ii) Wolf- kishner reduction

iii) MPV reduction

iv) Rosenmundreduction.

Explain the products formed with equation when acetaldehlde and acetone are treated with.

a) NaHSO,

b) NH3

c) C'HTNHNH,

Discuss keto - enol tautomerism with example.

How do you convbrt benzaldehyde to cinnamic acid.

How chloral hydrate is stable.

What are hemiacetals and acetals ?

Dr. S. Siva RamBabu, M.sc., Ph.D.
Reader & H.O.D.
Dept of chemistry,
J.K.C. College, Guntur

12.

t3.

t4.

15.



UNIT - II
Lessonr'V

CARBOXYLIC ACIDS AND DERTVATIVES
2.5.0

Nomenctature, Classification and methods of preparation a) Hydrolysis of nitriles, amides and es-
ters b) Carbonation ofGrignand reagents. Special methods of preparation of aromatic acids a) Oxidation of
the side chain b) Hydrolysis of benzotrichlorides c) Kolbereaction. Physical properties - hydrogen bonding
dimeric association, Acidity - Strength ofacids with the examples oftr;methylacetic acid and.trichloracetil
acid, relative differences in the acidity of aromatic and aliphatic acids. C-hemical properties - reactions
involving H, -OH and - COOH groups - salt formation, anhydride formation, acid traiiOe formation.

Esterification ( mechanism) and amide formation. Reduction of the acid to the conesponding p -
alcohol - via ester or acid chloride. Degradation of Carboxylic acids by Hunsdiecker reaction, Schmidt
reaction ( decarboxylario$ ) . Arndt - Eistert synthesis. Halogenation by Hell - Volhard - Zelinsky reaction.
Carboxylic acid derivatives - reactions of acid halides, acid anhydrides, acid amides and esters ( mechanism
of ester hydrolysis by base and acid.).

z.s.LNomenclature : -

In IUPAC system, carboxylic acids are named as alkanoic acids. Thus the name of an individual
acid is derived by replacing the end letter'e' of the conesponding alkane by - oic acid. While numbering the
acid the carboxyl carbon is always given numberl. C5 - C4- C1-C2 - C'OOH.

Formula

HCOOH

cH3cooH
c3H?cooH

2.5.2 Classification :

Carboxylic acids are classified into monocarboxylic acids, dicarboxylic acids, Tri carboxylic acids
etc. according to the number of - COOH groups present in the compound.

Monocarboxylicacid CH,COOH
Acetic acid

CH 2COOH
Dicarboxylic acid l. .

CH 2COOH

Succinic acid

Trii:arboxylic acid

Common name

Formic acid

Acetic acid

Butyric acid

IUPAC nafre

Methanoic acid

Ethanoic acid

Butanoic acid

CH 2COOH

l(oH) 
cooH

CH 2COOH

Citric acid.



Monocarboxylic acids are also known as fatty acids because many of them are obtained from fatt.

Monocarboxy'lic acids may be saturated or unsaturated.

Saturated CHTCH2COOH

Propionic acid

Unsaturated CH. = CHCOOH

Acrylic acid.

2.5.3 Methods of Preparation :

a) Hydrolysis :

i) Ilydrblysis of nitriles :

Organic cyanides are called nitriles. Nitriles on hydrolysis.with acid orbase form carboxylic acids.

CN

o
benzonirile

cooH

-A--L9
benzoic acid

cH:,coNIl + Hao # cH3cooH a NHr

d+*o# daNH3
benzanide benzoic acid

RCN + zH,o-J$ RcooH + NH,

H.o*
+2HrO ;i;"*

ii) Hydrolysis of amides :

Amides on hydrolysis with acid or base form carboxylic acids.

+ NH,



iii) Hydrolysis of esters :

Ester on boil:rg with alkali form salt ofcarboxylic acid which on rreatment wittr acid gives carboxylic
acid.

CH3COOC,H, + KOH heat , CH3COOK + C2H5OH

Ethylacetate potassium acetate.

CH3COOK + HCI + CHTCOOH + KCI

Acetic acid

b) Carbonation of Grignard reagents :

Grignard reagents react with carbondioxide forming addition product which on hydrotysis form
carboxvlic acids.

,to
MgBr -+ CHg-C(^ _ --Sg--- CH3cooH-OMgBr

2.5,4 Special methods of preparation of aromatic acids :

a) Oxidation of the side chain :

Aromatic compounds with alkyl side chain on Vigorous oxidation with alkaline KMne or acid!fie<l
potassium dichromate or dilute nitric acid form aromatic carboxylic acids.

Irrespective of number of carbons present in the side chain, only -COOH is formed.

b) Ilydrolysis of benzotrichlorides :

Trihalogen derivatives containing three halogen atoms on the same carbon atom on hydrolysis with
dqueous alkali form carboxylic acids

R
I

.Av
alkyl benzene

cooH

.--J--.te)lv
benzoic acid

^y'o"\o a cH,

Carbon dioxide Methy I magnesium bromide acetic acid.

KMnOO/OH



6*{eLd'-
benzotrichloride

c) Kolbereaction :

Sodium phenoxide reacts with COrat l25oc under pressure forming salicylic acid.

cooH
I.Av

benzoic acid

OH ONA OH OH
I

A NaoH A gaAy"ooNa 7\r"oo*
V ---4q2 -rzspressu,€'\2 FiQ

2.5.5 Physical properties :

a) Ilydrogen bonding :

Carboxylic acids are polar in nature. They form hydrogen bonds with each other and with other
molecules.

i) Solubility :

Carboxylic acids upto Coare freely soluble in water due to hydrogen bonding with water molecules.

H-O-C:o---,H-O-*-H-O C:o......rll
lrlRHR

ii) Boiling Points :

Boiling points of carboxylic acids are higherthan that ofthe corresponding alcohols. This is due to
the factthat hydrogen bonding in carboxylic acids is strongerthan those in alcohols, This is because

carboxylic acids exist as dimers with the formation of a ring.

o----H-o

R-c/ 
\

*-"\o 
H-' /"-"

Dimeric carboxvl ic acid



-CarboxylicAcidsAnd -

,H--O
.zcHs,c

lt
o

OH

c\o
I
I
I

o

tl

./c
"6 \o-,

Infamolecu lar hydrogen bonding

b) Acidity :

i) Carboxylic acids are more acidic than alcohols. Alcohol ionises as

R-OH ir RO- + H*

Alkoxide ion has no resonance stabilisation.

carboxylic acid ionises as

RCOOH i+ RCOO- + H.

Carboxylation

Carboxylate ion is stabilised by resonace.

o-

Dimeric acetic acid

iii) Intramolecular hydrogen bonding is also noticed in orthohydroxy carboxylic acids.

Ex : Salicvlic acid.

Q-H

--"<:
o

R- e
o

R-c{:
\b

Resonance hybridResonance in Carboxylate ion



\

Hence carboxylateion is more stabilised and carboxylic acids are more acidic.

ii) Effect of electron releasing gnoup s

Trimethylacetic acid is less acidic than acetic acid. Methyl goup is electron releasing group. Electron

releasing substituent in carboxylic acid increases negative charge due to +l effect. Hence stability of
the carboxylate ion there by acidity of the carboxylic acid decreases.

cl
,t-+q<
v
ct

cl.<:

cqcooH

Pka= 4.76

cHs)

Acetate ion

c4cooH

Pka= 4.76

"<:

cHg
YcHs>?>
,1.
cHg

Trimethyl acetateion

Pka = 5.02

cti ccooH

Pka = 0.08'

iii) Trichloroacetic acid is more acidic than acetic acid. Cl- group i5 electron with drawing group.
Electron with drawing substituent in carboxylic acid disperse negative charge due to - I effect.
Hence stability of the carboxylate ion there by acidity of carboxylic acid increases.

cHg>

Acetate ion Trichloro acetateion

Actually, trichloro'acetic aoid is as strong as mineral acid.

iv) Relative acidily of aromatic and aliphatic Acids:

Aromatic carboxyJlic acids are strongerthan the simple aliphatic carboxylic acids.

R>4'"*
y'o
\o,

c

Aromatic acid



In aromatic carboxylic acids,the carboxylatcgr,urp iseschcd tomoreclcctronegative Slhybridiscd
car-bon.

.'. benzene ring acts as electron with dnwing sub*ituont on tho a - carbon and acid strength
increases.

In aliphatic carboxylic acids, the carboxylatc gorp is rmclpd to st' hybridised carton which is tess
electronegative than sp2 hybridised carbon. ... alkyl goup acts as elcctnon-rpleasing group on the a *
carbon and acid strength decreases.

Also benzoate ion is more stable than acctatc ion bocausc bonzoarc ion has morp number of resonating
structures.

o' o'
\"/

o\.'o

e

Resonance in benzoatc ion morc number ofresonating structures. More stable.

.-O= O
/o'c".-c\o () -40.cHg

Resonance in apetation lcss numbcr of resonating structures. Less stable.

Thus benzoic acid is more acidic than accticacid.

Benzoic acid

coo

Acetic acid



t../l

2.5.6 Chemical ProPerties : r: i

a) Reactions involving -H :

( Salt formation )

i) carboxylic acids fonn salts with active metals like Mg Ca,Zn etc liberating hydrogen.

2RCOOH-r Cu +( RCOO)rCa+ H,

ii) Carboxylic acids form salts with metal hydrdxides

RCOOH + NaOH + RCOO Na + Hz

iii) carboxylic acids form salts with bicarbonates liberating Corwith quick effervescene ( test for
acids )

RCOOH + NaHCO, +RCOO ]{n+ COrl + H,

b)Reactions involving -OH : ( Acid derivatives )

i) Formation of anhydrides:

Carboxylic acids on heating with PrO, form anhydrides.

ii) Formation of acid halides : ,

- Carboxylicacids'react with phosphprushslidss or thionyl chloride forming acid halides.

CH3COOH + PCl, -+CqCOCl + HCI + POCI,

. 3 C{COOH + PCl3 +3 CFLCOCI + H3PO3

i,:€Hr@OH + SOCI'r aCHTCOCI + HCI + SO2

iii) f,'ormrtion of Amides :

CafglVlic acids react witf afnmffi forming ammonyql satts which on heating decomposes to
amides.

RcoOH + NH, -+RCOONH. 4RCONH2 + HrP

iv) Formation of esterc ( esterification ) :

The reaction of carboxylic acids with alcohot forming ester and water is called esterification. It is a
revessible reaction.

RcooH + RL oH ri$'gdlcat!'g!- RcooRr + H.o i

Carboxylic acid Alcohol ester

The reaction of an ester with water forming carboxylic acid and qlcohol is called esterhydrolysis.



RcooRr * Hro@lLRcooH + Rr oH

Estor hyilrolysis catalysed by a brsc is inwcnible. It is called saponification.

Mechenirm :

Prctonation:

OH

I

+ H. =* n-i-Off
+

o
tl

RJC_OH

Nucleophilic attack :

OH

I

R-C-OH + C2H5 OH +*\-_y

loss of water :

Proton climination :

OH

IR-C-OH
I

C2Hi-ol-n

Proton .

-

- | ransler

+ H20

OH

IR-C-OHrl.-
OC2H5

*-j.
I

IR-? oJ'r2 +
I

OC2Hg

u
R-i*

I

OC2H5

I

OC2H5

o
ll

+ R-C-OC2H5 + fr-



C)Reactions involving- COOH group . . :.,:,
: : i. ..1,..-. ., . ._,...",

i) Reduction to primary alcohol :

Carboxylic acids on reductidn with lithium alutninium hydride form P -alcohols.

RCOOH R - CH.OH

ii) Rcduction to P - alcohol via ester :

Carboxylic acids react with alcohol forming ester whicli )n reduction with Sodium and ethanolform
P - alcohols.

RCooH+RIOH F , RCOORT+H2O

J Na, crHroH

R - CH2OH

: , P-alcohol

iii) Reduction to P - alcohol via acid cntoridl :

Carboxylic acicls react with PCl, forming acid chlorides. These on reduction with hydrogen in the
presence of a catalyst form aldehydes. Aldehydes on reduction with Fe and CHTCOOH form P-
alcolrols.

RCOOH I PCl5 -+ RCOCI + POCI3 + HCI

.J, H7 no

, ;.. RcHo

J F", Acetic acid

R _ CH;OH
P - alco-hol

: ( decarboxylation )d) Degradation ol' Clrbox.r,lis nqidg

i) Hunsdiechcr reaction :

Heavy rnetal salts of carboxylic acids on heating with
alkv!halides.

a halogen in carbonterachloride form

r.al
RCOOAg + X, -ti+ R-X. Cq+AgX

alkylhalide



ii) Schmidt reaction :

Carboxylic acids react with hydrazoicacid in the presence ofConc. 4Soo formrng amrnes.

RcooH + N3H Conc. HrSOo , RNH2 + CO2 + N2

amtne

e) Arndt - Eistert synthesis : ( conversion to next higher homologue )

Carboxylic acid is first converted to acid chloride which on treatment with excess of diazomethane
gives diazoketone. Diazoketone decomposes in the presence of moist silver oxide forming next higher
homologue.

RcooH --E!!-+ Rcoct iH.**. , RcocHN, -##- RcH,cooH + N2

c6H5cooH socl2 )c6H5cocl QHzNu >c6HjcocH*, -#*c6H5cH2cooH + N

Phenyl acetic acidBenzoic acid

f) Halogenation ( Hell - Volhard - zelinsky reaction )

Faffy acids react with halogens in the presence of a catalyst in sunlight or on heating to form 4 -
haloacids.

"'% , cr,cHcooH

acetic acid monochloroacetic acid dichloroacetic acid

{ctr/P

ct,ccooH

Trichloroacetic acid

2.5.7. Carboxylic acid derivatives :

If - OH group in the carboxylic acid n-8-OHis replaced by -X, - OCOOR, - NH,, - OR, acrd

halides, anhydrides, amides and esters are bbtained. These are called carboxyric acid derivatives.

a) Acid Halides ( RCOX ) :

Preparation :

Carboxy'lic acids react with'phosphorus pentahalide, phosphorus trihalide forming acid halides.

RCOOH "r- PXs -+ RCOX + HX + PoX,

3RCOOH "'PXr -+3RCOX + H.,PO.,

o



Properties :

1. Hydrolysis : Acid chlorides undergo hydrolysis forming acids.

RCOCT + HOH _+RCOOH + HCI

+ HOH

Benzoyl chloride

2. Ammonolysis : Acid chlorides react with ammonia forming amides.

RCOCI + 2NH., -+RCOONHz + NHiCI

Alcoholysis : Acid chlorides react with alcohols forming esters.

RCOCI + RIOH +RCOORT+ HCI

Rosenmund reduction : Acid chlorides on reduction with hydrogen in the presence of Pd form
alcohols.

Reoct+ H, -3--+RcHo + Hcl

Friedel crafts acylation : Acid chlorides react with benzene in the presence,of anhydrous AlCl,
forming ketones.

cuHu+ cqcocl +c6H5cocH, + HCI

b) Acidanhydrides : (RCG-G{OR )

Anhydrides are regarded as derived from two molepules of acids with the elimination of water
molec':ie.

RCOOH - HrO 
,

RCOOH

+ H2O

Preparation :

i) Acid chlorides react with salts of carboxylic acids forming anhydrides.

cHscoct+ cH"cooNa heat , cHrcwoc4 + Nacf

Acetic anhydride.

cocl

o
cooH
I

-/\ta\t
t\/l
\/

'benzoicacid

RCO

RCO



ii) Carboxylic acids on dehydration with prO, form anhydrides.

cH3cooH -#*.FLcwocH3 + qo

Properties :

Hydrolysis : Anhydrides on hydrolysis form carboxylic acids.

(C{CO)2O + HrO + 2CHTCOOH

Ammonolysis : Anhydrides react with ammonia forming amides.

(cHrco)ro + 2NH, +CHTCONH2 + CH3COONH4

Amide Ammonium acetate

Alcoholysis : Anhydrides react with alcohols forming esters-

(CHTCO)rO + CH3OH +CH3COOCH, + CH3COOH

Methyl acetate

Friedel crafts reaction : Anhydrides react with benzene in the presence ofAl Cl, forming ketones.

CuHu + (C[CO)"O -+ C6H5COCH, + CH3COOH

acetophenone

c)Amides:(RCONIIT)

Acid chlorides, anhydrides or esters react with ammonia forming amides.

Rcocl + NH, ' AlCl' 
> RcoNHr+ HCI

(CH.,CO)2O a lNHl -+C{CONHz + CHTCOONH4

CH3COOC2H, + NH, -+CH3CONH2 + C2H5OH

Properties :

Hydrolysis : Amides on hydrolysis form acids liberating NHr.

ttf
RCONHT+IIO rl >RCOOH+ NHi

RCONH2 + H'O--Q- RCOO-+ NH3

Hofmanndegradation :

Amides react with bromine in alkati formingapines.
RCONH2 * Brz * 4KOH +RNH, + 2KBr + K2CO, + HrO

Amine



Dehydrati'on :

Amides on dehydration with PrO, form alkyl cyanides.

P^o.
RCONH, -z-r )RCN + HrO

Esters : ( RCOORT)

Pneprration :

i) Esterification :

Carboxylic acids react with alcohols in the pres€nc€ of Conc. H2SO4 forming esters.

cHscooH + c2HpH cH3cooc2Hs + H2o

ii) Acid chlorides or anhydrides react with alcohols formingesters.

CHICOCI + C2HTOH -+ CHTCOOCTH, + 1191

(CHTCO)2O + C2H'OH +CH3COOCTH, * CH3COOH

Propertier :

Ilydrolysis in the presence of acid :

Esters on hydrolysis in the presence of acid form carboxylic acid and alcohol. It is a reversible
reaction.

CH3COOC2H, + HrO +C{COOH * CTHTOH

Hydrolysis in the pnesence of a base : ( Saponification )

Esters on hydrolysis in tho prescnoe of a base form orrboxylic acid and alcohol. It is ineveniblb
rcaption.

CHsCOOC2H, + NaOH +CHTCOONa + CTHTOH

Ammonolysis : Esters react with ammorria forming amides.

cH3cooc2H5 + NH! -+cHrcoNH2 + c2H5oH

Alcoholysis : Esters undergo transesterification with alcohols.

H3COOC2H' + CTHTOH -+ CH3COOCT4 + C2H5OH

Bouveeult - Blanc reducfion :

Esters on reduction with sodium and ethanol form P - alcohols.

cHrcooc2q + 4p[ Na/ c"H'oH ) cqcH2oH t c2H5oH



'2S.E Mechanism of Ester hydrolysis by base and acid :

The reaction of ah ester with water forming carboxylic acid and atcohol is called ester hydrolysis.

RCOORT+ H2O $. nCOOH + ROH

Ester hydrolysis catalysed by a base is ineversibte. It is called Saponification.

ma{
m7
:E

ono
T
CN

U)

Hydration :

Ri + HrO

Protontranster (

. RCOO

---... -\ 
+

R OH2

irreversible ) :

+
+ RIOH,:--)RCOOH + RIOH

T

t
9

RCOORT + NaOH saponification , RCOONa + RrOH

Mechanism of ester hydrolysis :

a) Acid catalysed mechanism :

Protonation :

+
RCOOR! + H'\-+RCOgRl

H

Acyloxygen.fission :

RCOOR! RCO* + Rl OH
H

ydration :

RCO* .t- H.O q:=S RCOOH + H*

b) Basc calalysed mechanism :

Alkyl - Oxygen fission :

RcooRr-i Rcoo- + Rr +

2.5.9.Model Qucstions :

l. What are the eft'ects of substituents on the acidity of carboxylic acids and phenots ?

2. Explain HVZ reactiorr. Why cr- chloropropionic acid is more acidic than propionic acid.

3. Write meclranism of acid catalysed esterification.

4. Write an account on the rnechanism of ester hydrolysis



5. What happens when -
a. Calcium formate and salcium awtate are dry distilled.

b. Calcium acetate is heated.

c. Aoetamide reacts with bromine andcaustic potash

d. Ammonium acetate is heated with PrQ

6. How is'acetic acid converted to.

a. Methane

b. Ethanol

c. Acetyl ihloride. Give equations.

7. Formic acid is stronger than acetic acid.

8. Propionic acid is weaker than acetic acid.

g. Trichloroacetic acid is strongerthan acetic acid.

10. Write down the preparation of acetamiJ

ll. Explain acidic nature of - COOH grou

12. Write a brief note on the following -
a. Kolbe reaction

b. Hunsdieckerreaction

c. HVZ reaction

13. What are carboxylic acid derivatives ? Write their structures and name them.

14. Write dimmer structure of acetic acid.

15. What for Arndt - Eistert synthesis is useful. Explain with example.

16. Write notes on Rose4mund reduction.

Dr. S. Siva RamBabu, M.sc., Ph.D.
Reader & H.O.D.
Dept of chemistry,
J.K.C.College, Guntur



T]ntIT - II
Lesson - VI

SYNTHESIS BASED ON CARBANIONS
2.6.0

Acidity of hydrogens' structure ofcarbanion. Preparation of acetoacetic esrer - claisen condensation
and synthetic applications of acetoacetic'ester a) acid hydrolysis and ketonic hydrolysis, preparation of (i)
mono carboxylic acids (ii) dicarboxylic acids. Malonic ester synthetic applications iisubstituted mono car-
boxylic acids (ii) substituted dicarboxyric acids (iii) di - alkylacetic acid.

2.6.1Acidity of q- hydrogens : ( active methylene group )
The hydrogen atoms on a carbon atom a - to a carbonyt group are acidic. This is because ionisation

of an a - hydrogen gives a carbanion is stabilised by resonance.

OO
d ll o ?',n' llcH3_c_c*z_cH3 G* rtcH3_c_e H_cHr +H*

0

o-
ICH3-C:Cn-Cn3]

Carbanion stabilised by resonance

c - htdrogen atom from such compounds can be easily removed by a strong base like ethoxide ion.

Similarly when a methylene group is flanked by two carbonyl groups, thi I ydrogen atom of the
methylene group is more acidic becausethe resultingcarbanion is stabilised byreson:,nce to agreaterextent.

o

- 
[-.,, [- -b.,,u ,

o o o o olirlllllllt+_c_ +--+ _c_cl-t-_c_ €-_c_clFc_J
Carbanion stabilised by more resonance.

Such a methylene group is called active methylene group. Compounds coptaining active methylene

oo
llrl

-c-CH-[ - 
+ H*

Carbanion

Lr-,



group are

o
tl

o
tl

oollll
CH3-C-CH2-C-O CZHS

Acetoacetic ester

2.6.2 Structure of Carbanion :

CZHs O-C-GH2-C-O CzHs

Malonic ester

Carbanion is an ion in which the carbon carries negative charge 
-J 

g

ll
I The negatively charged carbon atom ofthe carba'io,. is SP3 hybridised. The three SP3 orbitals form
I three bonds with the alkyl groups or hydrogen et^ms. The tburth SP3 orbital is filled with a pair of electrons

and unused. This makes carbon atom.electroi . .'.nd gives negative charge to it.

n lone pair of
l"-f electronsu
-cY

nsc/ I 
""'ar,

cHg

Structure of Carbanion

Carbanion has a plramidal structure, similar to that of 4mmonia. In fact, a carbanion and ammonia
are isoelectronic species.

2.6.3. Preparation of acetoacetic ester ( Claisen condensation ) :
Two molecules of ethyl acetate undergo condensation when refluxed with sodium and ethanol form-

ing acetoacetic ester.

cH3c ocrHu + cH2 coocrHu cH3cocH2cooc2Hs + c2H5oH

Mechanism :

Formation of carbanion :

E#^,t*

cH., cooc2Hs e HTCOOCTH5



Carbanion addition ;

?o-ll ---\-Il '/'CH3-g: + CH2COOC2Hs

I

O C2H5

Ethoxide ion elimination :

o\
14

CH3-C-C2H5COOC2H5

1) 
o czH5

o-
I+ CH3-9-CznsCooC2H5
I

O C2H5

o
ll

-+ CH,CCH2COOC2HS + c,H,o

Acetoacetic ester

2.6.4 Synthetic applications of acetoacetic ester :

2.6.4.1. Acid hydrolysis : ( Preparation of monocarboxylic acids )

Acetoacetic ester undergoes hydrolysis with alkali forming acids.

I

on ln onlH
CH3 CO 

lCH, 
ColOC2Hs -An_aTi+ 2CH.COOH + CTH,OH

I

oH lH oHlH
cH3 colq* colocrH, ,: 

ulkull > cH3cooH + RCH2cooH + c2H5oH
rll
R

Alkylacetoacetic ester .

R = CH, Propionic acid

R = CH.,CH, n - butyric acid

R = CH"CH.CH" n - valeric acid

2.6.4.2. Ii:tonic hydrolysis

Acetoacetic cster undergoes hydrotysis with dil. HCI forming Ketones.



Hl Pn
cH3 co cH,lcoolc,Hs

cooH

/

K,.,

nl pn
cH3 co 

lHlcol 
c'Hs

A

H" 
> cH3cocH3 +co2 t c2HsoH

H' , cH3cocH2 R+ co2+ c.HroH

2.6,4.3. Preparation of dicarboxylic acids :

In the presence of sodium ethoxide acetoacetic ester reacts with lodine followed by acid hydrolysis
gives succinic acid.

cqcocH2 cooc2 H5 -qtlry- cH3cocH.Na cooc,H,

cn.cocr{-Glcooc2Hs cH3cocH cooc2Hs

l-'.1 --+ | +2Nar
cH3cocH 

lxa Foocrnu cH3cocH cooc2Hs

I aciO hydrolysis
v

CH2COOH
2 CHTCOOH + | +2 C,H"OH

CH2COOH

Succinic acid

2.6.s.preparation of Maronic ester r 
|",<.oo.::l

Malonic ester is prepared from acetic acid.

cooH
/

KCN > c(1?
\

CN

Ctrlp /
"K

cl

COO C 2H5

+ 2HrO

CHz
\"oo'.,

cooH

COO C 2H5



2.6.6. Synthetic applications of malonic ester :
2.6.6.1 Substituted monocarboxylic acids :

In the presence of sodium ethoxide and alkylhalide malonic ester gives substituted molonic ester.
This on hydrolysis followed by decarboxylation gives substituted mono carboxylic acids.

_I"oo"r^u cooeHs UcooczHsctz crHroNa , NaCH RI , n6H\aooarru \cooqn5 \.oo.rru

cooH
.OH . RCH-TF-rdffi_? \aOO,. --*;t RcH2cooH

R = CH, Propionic acid

R = CHTCHT'n - butyric acid

R = CHTCHTCH, n - valeric acid

2.6.6.2. Substituted dicarboxylic acids :

a) In the presence of sodium ethoxide malonic ester reacts with iodine followed by hydrolysis and
dccarboxylation gives succinic acid.

,cooCzHs

'vCOOC2H5

c^HsoNa , *"C"ooQHs\cooeHs

,cooCzHs
CH

| 
\"oo"r"u

I

l rc'oocznsCH-
\d6b"r"u

\cooc2n5



\ -cooH
I
I

l -2co2
I

I decarboxvlation'l
I

V
CH2COOH

Il'
CH2COOH

Succinic acid

blln theprespnceof soditm ethoxide malonic ester rgaa1q{$ egryf"gn-€-,dibfpmideJolf*tS4,f.U
Mrcbeis and dccarboxylati onfla adipio acid.

lcoo92ng
/

ev.COOCzHS
ci{.oNa , *^6"ooQH5

\cooeHs

GOOCzHS

enzc(
| \"oo"r"5

- 

t

| ,aooczHs

"tt c(cooc2H5



. /,,cool{
9HZ CH

| , \coon
I

I z"ooH
cttz C{

'cooH

|-"o,
Joecaborylation

fxz 
cnz cooH

CHzCHzCOOH

c) dietcyracetic acid , ^oipic 
acid

Malonic esteron hegting with nvo equivalents ofsodium ahoxide and tlren with tryo equivafents pf
alkyftislide formsdiatkymaloniJister.Oiilfymatonicestcionhydrolysisblfo-rcCUyAgoartorj,hion gives
didkylacetic acid.

,aooczHs'cv
COOC2H5

5 2Rx-
-r+;...--1,?

R ,COO CZHS

\"/
/\R COO CzHs

Dialkylmalonic esterMalonic ester : Disodiomalonicester

B..._ )cao* *\

*/t\".or,l&a *.rtttoot
Dialkylacctic acid

7.6.7. Model Que3tions : '

I . a) Give mechanism, for the prcpantion of ecctoacetic eo. - r.

b).Givc a4X three synthetic applications of r.celoacctic cstcr.

-oH
r'lydrolysrs



2. a) How do you prepare diethylmalonate ?

b) Explain any four synthetic uses ofdiethyl malonate'

3. What are active methylene compounds ? Give an example. Discuss how is it useful in the

synthesis of organic comPounds.

4. What is claisen condensation ?

5. What is carbanion ? How is it produced from aotive methylene compounds ?

6. Starting from acetoacetic ester how can you bring out the following -
a) Acetone

b) Succinic acid

7. Explain acidity ofa- hydrogon

8. Explain acid hydrolysis and ketonio hydrolysis of acttoacetic ester.

9. Write notes on the structure of carbanion.

10. Starting from malonic ester how can you bring out the following -
a) Propionic acid

b) Succinic acid

c)Adipic acid. .

Dr. S. Siva RamBabu, M.sc., Ph.D.
Reader & H.O.D.
Dept of chemistry,
J.K.C.College, Guntur -
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Unit - ilI
Lesson - I

PHASE RULE
3.1.1 Introduction :

statement and meaning of the terms - phase, component and degrees of freedom. Gibb,s phase
Rule, phase equilibria of one component system - water system. phase 

"q"iijuri" "i,*" - componenr sysrem' solid liquid equilibria simple eutectic - Pb - Ag system. desilverlsation ofleao- soliJ sotutions - compoundwith congruent melting point ( Mg- Zn) system and in congrueni metting point - ( Nacl-H,o) system.
Freezing mixtures.

S.l.2Introduction :

statement and meaning of the terms ' phase, component and degrees of freedom. Gibb,s phase
Rule.

The Phase Rule is the generalisation dealing with the behaviour of lreterogeneous systems atequilibrium, with the application of Phase Rule, it is possible to predict, the eftbct of clrange in temperature.pressureand concentration on a heterogeneous system in equilibrium. A system consistingof only onephase is called a homogeneous system where as a system containing more itran one pSase is called asheterogeneous system. The Phase rule was formulated by an Arneri.ui piy"iriri wiil"ro Gibbs in I g74.tt
may be stated mathematically as follows.

F'- C.-P+?
Where ' F ' is the-number of degrees of freedorn. 'C"is the number of conrponents and .p, is thenumberof Phases in equilibrium.

Explanetion of the terms :

Since' Phase rule is an importartt generalisatiorr. it is necessary to it understand thoroughly. thevarious terms involved in it

Phase :

It is denoted by letter'P'. Any l:omogeneous pan of a system plrysically distinct by a boundary
surface and mechanically separable from othei parts oith" system is calted as a phase. A phase lras samephysical and chemical'properties through out. A system coniaining only liquid ,uurrr, is called one phase
system' If there is both liquid water and water vapour, it is called 

"lo,o ih"se system. in a simitar way, if asystem consists of ice. liquid waterand water vapour. the system is said to be ionsisting of three ph;;.
1t 

sorj!, a liquid ora gas ( any pure substance ) made up of by one chenrical substance is considered,
as one phase' 'fhe substance in a phase may be in small size or in Uull. it belongs to single phase only, Forexample. whether ice is in the fornr of single piece or many pieces. it is consideied as onty one phase. Eacssubstance in a homogeneous mixture cannot be taken as a separate phase. For example a mixture of gases
Le' oxygen and nitrogen must b taken as a singlq phase. only miscible liquids always fonn a single phase.
Eg : - Ethanol and water system. A mixture of trvo'immiscible liquids fonn two separate phases. Eg : water
and benzene system.

Physical Chemistry



Aqueous solutiops are considered as single plrase. However. a saturated solution of'sugar in contact

with excess of sugar is considered as a two phase svstenl'

A mixture of two solids is considered as a two phase sy'stem. Thus a rnixture of calcirrrn carbonate

and calcium oxide is a two phase system'

Component :

It is denoted by letter .C'. The number of conrponents of a systern at equilibrium is defined as the

..smallest number of iniependerrtly variable constiruents by mearrs of which tlre'cornposition of each phase

'can be expressed with the help of a chemical equation'

For example

( l) in water system. tlrere are tlrree phases nanrely ice. water and water vapour and'the composition

of all these three plrases carr be expressed only in terrls of only cherrrical irrdividual H-O. H.ence water

system has only one component and hence is called a one compon-ent st-stem. So- any system which consists

on|yonec|remica|individualisknowttaSao|1ecomponentSyStem,

(2) Sulphur system has four phases namely rhombic sulphur. rnonoclt'tli9 sulphur. liquid sulphur and

sulp6ur vapour. T'he composition of all these four plrases can be exptessecl brv onlv sulphur and hence

sulphur system is a one component system.

(3) Decomposition of calcium carbonate is another exantple constitutitlg two solids and one gas'

Catcium carbonate. wheu heated in a ciosed vessel. exists in equilibrium with itsproducts. calciutn oxide and

carbon dioxide.

CaCO., *
Solid

cao r- co,
Solid Gas

These three constituents are not independent of one anotlrer and titus the cott'tposition of all the

phases can be expressed in ternrs of alry two of the tliree clrernical substances present in equilibrium.

Hence, the decompositiorr of calcium carbonate is a two component system.

a) If CaO and CO. are considered as the cgmponents.

Phase

CaCO., i:

CaO !:

co" =

b) lf CaCO, and CO^ are considered as the two colnponents.

Components

CaO.r"CO,

CaO +- OCO"

OCaO-r' CO"

Components

CaCO., +. OCO,

CaCO., - CO,

O CaCO. r CO.

Phase

CaCO. -
CaO =

Co. =



c) lf CaCO., and CaO are considered as the two components.

Phase

CaCO. *
CaO -i
co, :

Components
;

CaCO -i-OCaO: 
,,

OCaC'O. -r CaO':,i

CaCO. - CaO

(4) Ammonium chloride when heahd in a closed Vesset exists in equilibrium with the products i.e.
ammonia and hydrogen chloride gas. . r

NH;CI i+ NH. + 961

Solid Gas Cas

Phase

Solid

Gaseous = i l

tarp.fs g.urvos44dcriple.points., i .,

.r!.

The system consists of two phases namely'solid Nl-1. Cl andgasgous mixture containingNH., and
HCI in tlre same proportion as they are combined in solid NH.,Cl. The cdinposition of both the phases can be

Components

NH CI.

x'NH. 'r xHe t or xNHu Cl

Hence the dissociation of NH;Cl is a one componqrt system. "
Dpgro.e.rof freedorn: , ' ...:.

It'is denoted by letter'F'. lt is the number of independent variabte.s sgch as pressure\temperature
and concentration which must be specified in order to define the system at equilibriupt comSiletely. In the
system, the remaining variables are automatically fixed. For exanrple r

The equilibrium between water and its vapour. depencls only on pressure of temperature'and hence
the system has only on€ degree of freedorn and tlre systenr is said to be univariant (F= | ). Consider a one
cofrrponent sysitcnlr$itft.froe phaserjlesei,wdter{ liquid.)'rilid'vapouilrre'co existing at dhe fr'eezing point of
water. These three phases can co exis! onfy.at a particular temper4fure under one particular pressure. If
either pressure or tbinperature is varigd oiiq of tlie phases irnniediateiy disappears. Hence the sysrem has no
degrees of freedom and is known as non variant or invariant ( F=0). A system bontaining pure gas has two
degreosof fttedom. lftlle val.uesof presnure and temperature arespecified.the volume is.fixed automatically
(F=2). Asystpm,containinga mix&'rre oftlvo or rnoregases iscompletely:detined wlrcn temperature, pressure
and concentration are specified. All theithree variablesare,specified, to define the system and hence the
system has three degrees offreedom (F=3).

'!

3.1.3 Phase Diagrams :

The diagram with the help of which the co-existence ofdifferent phases in a multiphasp system cdn
be studied is called a phase diagram. It is a graph showing the conditions of pressure and remperature under
which differbq.!ph3qes can exist togethef in.a,$g&,pfdynarnic equilibrium. The phase diagram consists of



Fig : A Typical Phase diagram of
a one - component system

a) The above given diagram which represents one component system is divided into three areas
namely solid, liquid and vapour. Each area indicates the conditions of temperature and pressurc
under which that particular phase can exist. ln a system when there is only one phase, on. applying phase rule, indicates the number of degrees of freedom as '2' and hence each area of
phase diagram represents a bivariant system.

F=C-P+2

F= l- l*2 =2

In order to define the condition of the phase. both temperature and pressure must be stated.

b) There are three curves in the phase diagram. indicating the separation of areas. The curves
indicate the conditions of equilibrium between any two of the three phases.

Along any of the above three curves an the phase diagram, when temperature o, pr.srur" is
specified, the other is fixed automatically. On appiying phase rule, it indicates, that on any curve,
the system is univariant and has one degree of freedom.

F=C-P+2

F= l-2+2 = I
I

Tliple Point :

The three cury€s, enclosing the three anil! on thc phasc diagram intersect at a point called Triple
Point. At triple point, since both temperature and pressure are fixed the system has Zero degrees of freedom
bnd hence is called non - variant or invariant.

t4
&p
(A
14
&A

TEMPERATURE ---..+



Solid ;+ liquid iA vapour

F=C_P+2 : l_3 *2 = 0

Metastable equilibrium : '

By careful cooling of the liquid. the vapour pressure curve AO can be extended to Ar without
tOrminating at 'O'. It means, the liquid can be cooled far below the freezing point or super cooled witlrout
separation of the crystals. The super cooled liquid is unstable and by the addition of a seed crystal the liquid
solidifies completely. Thus the curve ' OAD represents a metastable equilibrium. The vapour pressure of
the metastable phase is always higher than the stable phase at a given temperature.

Super cooled liquid g' vapour

3.1.4, Phase equilibria of one component system - water system :

The water system is an example for one component system. All.the'three phases i.e. ice, liquid
water and water vapour present in the water system ffG:rp-prpsspfed by one chemical individual HrO and
hence is a one component system.- In the phase diagrarn of water systetn.

There are (a) three curves namely OA. OB unO OC (b) Three areas namely AOC,AOB and BOC
rnd (c) the triple point 'O'.
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l) Importance of the cunves OA'OB end OC :

The three curves OA, OB and OC meet at point 'O' und diuid" the phase diagram into three areas.

The curve OA known as vapour pressure curve of water represents the equilibrium between liquid
water and vapour at different temperatures. The system is univariant and tlre Rumber of degrees of freedom

isonlyone.

Liquid water 
=+ 

vapour

F=C-P+2 :l-2+2 =l
The temperature at which the vapour pressure of water is equal to one atmosphere is called as the.

boiling point ofwater ( l00"c). The curve OA terminates at 'A'. the critical point ( at pressure 2 I 8 atmosphere,
and temperature 374"c) above which liquid water can not exist.

The curve 'OB', the sublimation curve of ice. represents the equilibrium between sotid ice and
vapour. The curve OB terminates at absolute Zero (-273"c) where.-there is no existence to vapour phase.
The system is univariant and has only one degree of freedom.

The curve 'OC' the fusion curve of ice represents the equilibrium between ice and water. This
curue shows the effect of pressure on.the rirelting point of ice. The curve 'OC' is.inclined towards tlre
pressure axis indicates that the melting point of ice decreases with increase in pressure. The freezing point
of water is lowered by 0.0075o by increase in pressure to one atmosphere.

Along the curves OA, OB and OC there are two phases in equilibriunr.

. F=C-P+2 =l-21.2 = |

There fore, the system is univariant since it has one degree of freedom.

2) .Areas AOC, AOB and BOC :

In water system, there are thrce areas namely AOC ( water ) ; AOB ( water vapour ) and BOC (
ice ). The areas between the curves show the conditions of temperature and pressure under which a single
phase - ice, water or vapour, is capable of stable existence. ln the area lying between the curves OA and
OC, water alone is capable of stable existence. the arca lying between OB and OC, ice alone and the area
',''-- halow the curves OB and OA, vapour alone is capable of stable existence.

In all the three ai- . I /fR and BOC. there being one component and one phase. Thus on
applying phase rule, each phase ice. wa!v. , '^. \apour has trvo degrees of freedorn and hence the
system is bivariant.

The Triple Point 'O' :

The three curves OA, OB and OC meet at the point 'O' where all the three phases ice, water and
water vapour coexist in equilibrium. Since all the three phases coexist at point 'O'. lt lras Zero degrees of
freedom and the system becomes invariant or non-variant. At poirrt 'O' knowrr as triple point, the three
phases can coexist at a definite temperature ( 0.0075"c) and vapour pressure ( 4.58mm Hg).

F=C-P+2 =l_3*2=0



Mete stable equilibrium :

It is possible that water can be super cooled below its freezing temperature with out the separation
of ice. The vapour pressure of liquid waterAO can be continued below the point 'O'as shown by the dotted
curve'OA'. The super cooled water vapour systenr is called as metastable equilibrium because on addition
of a crystal of ice to the supercooled liquid, the entire liquid solidifies. ln the phase diagram. the curve 'OA'
liei above the curve OB, which indicates that the metastabte system has a higher vapour pressure tnantno/
stable one at same temperaturg. I ---\..

Different forms of ice :

In the explanation of water system. only one form of solid ice has been considered. By increasing
pressure, seven different forms of ice can be isolated each of .which can represent a separate phase.
Inclusion of all the forms of ice in a single diagram makes it very much complicated and hence it is not
represented

Phase equilibria of two component system - condensed phase"rule, solid - liquid equilibria -
simple entectic - lead - silver system, desilverization of lead :

In a two component system. when there is a single phase, then the number of degrees of freedom is
three, which means, all the three variables namely temperature, pressure and composition rnust be specified
in order to describe the phase. Since it is not convenient to cqnsider all the three variabtes simultaneously,
only two variables are to be considered at a time. keeping the third variable as constant. In studying the solid i

liquid equilibria, in two component systems, the vapour phase is considered to be absent and the effect of
.pressure on the equilibrium is very small . Takingthe remaining two variables i.e. temperature and composition,
the phase diagrams are drawn. Such a two component system consisting of solid and'liquid phases only, with
the gas phase absent is called a condensed sJstetn and the number of degrees of freedom is reduced by one
and the reduced phase rule takes the form

F=C "P+ l

where 'F' is the number of degrees of freedom.

3.1.5 Simple eutectic systems :

The components are completely miscible with one another in the liquid state. They do not form any
compound and on solidification, they give rise to an entectic mixture ( easy melting )

Example : Lead - Silver system :

It is a two component system and consists of four phases namely solid lead; Solid Silver; Solution of
molten Silverand lead and vapour. The vapour phase is absent as the boiling point of lead and silver are very
high. Hence it is a condensed system with thr.ee phases and pressure has no effect on thp system.
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Fig : The Phase diagram of lead - Silver System
'

In the above phase diagram, there are two curves, AC and BC : three areas - above ACB; below
BC and below AC and one entectic point 'C'

Curve AC :

AC is the freezing point curve of silver. Pure silver melts at 96t*c and the point'A'represents the
freezirlg point or melting point of pure silver and the addition of lead lowers"lts melting point aloirg the curve
AC. Pure silver and solutiorr of silver:'and lead are the phases present in equilibrium along thi: curve 'AC'.
On applyingthe redtrced phase rule. it indicates the systenr pure silver and solution as univariant and has one
degree of freedom.

F=C-P*l=2-2+l=l
Curue BC :

The curve BC is the freezing point curve of lead. Pure lead melts at 327oc and the curve BC shows
that the addition of silver lowers the rnetting point of lead. 'B' represents the melting point of pure lead.

Along thi: surye 'BC' pure lead and solution phases are in equilibrium and the system is univariant with one
degree of freedom.

F=C-p+l:2-2+l:l
Areas :

The area above ACB represents the sdlution of molten lead and silver phase.

'F=C-P+l:2-l+l=2

The system is bivariant with two degrees of freedorn. The area below AC iepresents the two
phases pure silver and solution. In a similar manner, the area below BC represents,the phases, pure lead and

solution.'Below the temperature 303oc, the area represents pure, solid silver + Solid lead.



F=Q-P+l=2-2+1:1
ln all these three areas, each Aas one degree of freedom and tlre system .is univariant.

The entectic Point 'C' :

The curves AC and BC intersects a point C. the point 'C' is called the entectib point. The three
phases solid silver, solid lead arrd solution are in equilibrium at c and the system is non - variount or invariant
with zero degrees of freedom.

F:C_P+l=2_3+l =0

At point 'C' both the variables i.e. temperature - 303oc and c'omposition - 97.5%pb and 2.5% of
Ag are fixed. The temperature at eutectic point is called as entectic temperature. At ternperarure'above
entectic temperature, the solid phases of silver and lead disappear but below the entectic temperature there
exists the solid phases of silver and lead.

Desilverisation of lead by pattinson's process. :

Thephasediagramoflead- silversystemhasimportanceinthedesilverisationofleadbypattinsont
process. The argentiferous lead containing a very small amount of silver i.e. less than lc/o is melted,above
the melting point of lead. Let the point a iepresent the molten lead system on the diagram. On cooling the
temperature of the melt falls along the dotted line 'ab'. As the temperature corresponding to 'b'on the curve
'BC' is reached, solid lead begins to separate out and the solution will contain relatively increasing amounts
of silver. The lead separates along the curve BC until the entectic point 'C' is reached and the lead formed
is continuously removed by means of ladles and the percentage of silver goes on lncreases in the mett. At
point 'C' an alloy containing 2.6% of silver and 97.4% of lead is formed. The process of increasing the
percentage of silver in the alloy is known as pattinson's process.

3.1.6 Solid solutions - compound with congruent melting point - Mg- Zn system
:

There are a number of systerirs in nretals. organic compounds and ingrganic salts dissolved in water
in which the two cornponents combine to form compounds. Thus intermetaflic coinpounds are formed when
the two components are metals. salt lrydrates are formeC when the system contain a salt and water as two
components

These systems are of two types depending upon whEther the compound formed has a congruent
melting point or an incongruent melting point.

a) Formation of compounds with congruent metting points : Example - Mg - Zn ststem r

A compound which melts sharply at a constant temperature into a liquid of the same composition as
the solid, is said to possess a congruent melting point. In Magnesium - Zinc system. there is a formation of
an intermetallic compound Mg (Zn\r. The system consists of four phases namely solid magnesiurn ; solid
zinc; sofid Mg(Zn)rand the liquid solution of Mgand Zn.Zinc melts at 4ZOWand magnesium at 650oc and
the compound Mg (Zn)" melts at 590"c.

The Phase diagram of Mg- Zn system is nrade of two sirnple eutectic diagrams namely Mg-Mg(Zn),
and Zn - Mg (Zn)"



Curve AC :Freezing point cutre of magnesium.

The curveAC shows decrease in melting point of magnesiurn on tlre addition of zinc whicli continues
until the point'C' is reached where a new phase, solid Mg(Zn),appears.

Cure CDE : Freezing point curve of the compound Mg(Zn),

The curve CD shows an increase in the concentration of zinc with increase in ternperature. At point
'D'the composition of the melt and the solid compound Mg(Zn)"becornes the same. The point 'D' represent
the mefting point of Mg (Zn).The curve DE shows the lowerirrg of the melting point on tlre addition of zinc
until the lowest point is reached where appqars solid zinc.
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Curue BE : Freezing point curve of zinc:

The curve BE shows that the melting point of zinc is lowered on the addition of magnesiurn until the
point'E' is reached. Along the tlrree curves AC. CDE and BE. there are two phases in equilibrium, one solid
phase and ariother liquid phase. On applying the reduced phase rule equation

. F=C-P*l=2-2+l=l
indicates that the systems Mg/ liquid ;Znlliquidand Mg (Zn),/liquid are all univariant or monovariant. '

Thg areas : At any point irr the area, the system which indicates a single pt 
"'r" 

is bivariarrt.

Eutectic Points : '

There are two entectic points C and E in tlre phase diagram and at each point, there are two
components and three phases in equilibrium.
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At point C, the phases present are solid magnesium. solid Mg (Zn).and'liquid. At point E, the phases

present are solid Zn, solid Mg(Zn).and l'iquid. On applyirrg the reduced phase rule equation

F=C-P*t=2-3+l=0
and hence the system at point C and E is non-variant.

Congruent melting Psint '

The composition of the solid compounC Mg(Zn)"and the melt at'D'is sanre and hence the

corresponding temperature is called as the congruent melting point of the compound Mg(Zn), Both the

Phases, i.e. the solid Mg(Zn),and the melt are represented by the same component Mg(Zn),On applying

the reduced phase rule equation.

F=C-P*l:2-3+l=0
The system at Point'D' is non-variant.

3.1.7 b) Formation of compounds with incongruent melting point - ( NaCt - HrO) system :

ln a number of systems, the cornpoLrnds fonned by the combination of two components decompose

when heated giving a new solid phase and a solution of tlre sotid with a different cornposition fi'orn that of
the solid. Such compounds are said to have an in congruent rnelting point. The decomposition of the cornpound

at this tetnperature is known as transition reaction or meritectic or ptritectic reaction and the in congruent

melting point is known as transition temperature or meritectie or peritective temperature. Sodium chloride-
water; sodium sulphate - H2O ; Gold - antimony ; Picric acid - benzene are somg examples of two
component systems which give rise to compourlds with incongruent melting points.

Sodium Chloride - water ( NaCl - H,O) system :
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Fig: The Phase diagram of Nacl- H.0 System



Cune AC : Freezing point curye ( Solution and ice ) :

The curve AC show! the change in melting point of ice. which decrease, on the addition of sodium
chloride to pure ice. The point 'A' indicates the freezing point of water or melting point of ice i.e. goc at one
atmosphere pressure. Along this curve ice and salt solution are in equilibrium.

On applying the reduced phase rule equation

F:C-P+l=2-2+l=l
indicates the system as monovariant. At point 'C' i.e. at 2loc, the solution gets saturated and thus

ice andNaCl2H2O crystals separate. At point 'C'there are three phases namely sotution, ice, solid NaCl (
in addition to vapour phase ) and (he point'C' is known as entectic point or cryohydric point ( entectic means
easymelting ). Thus addition ofa saltto ice produces decrease in ternperature. On addition of salt continuously
in small amounts, a stage will reach arrd the salt, ice and solution exists in equilibrium w6ic6 is stable u, on"
particulhr temperature known as entectic point or cryohydric point. This is t5e lowest ternperature that can
be obtained with a salt water system.

Curve CB : Solubility curve of NaCl Zld.2O hydrate :

The curve indicates that the solubility of NaCl in H,O decreases slowly with rapid increase in
temperature. At point 'B'. the NaCl 2H.O hydrate crystals decompose to fonn anhydrous NaCl. Since
NaCl2H,O does not have a sharp melting point. it melts and decomposes to give a new phase. T'his is known
as transition reaction and thetemperature is known as incongruent melting point. At point .B'the temperature
is 0.l5oc. The curve BD represents the solubility curve of anhydrous Nacl.

Thus, in NaCl HrO system, there is one entectic point at .C' and one incongruent melting point atrBr.

3.1.8 Solid Solutions :

When a system consists of two metals as components, they combine and the metal melts on
solidification gives rise to a solid mixture atthe eutectic point. Such solid rnixture or is called solid solutions.

For example, in lead - silvpr system at entectic point2.6Vo Ag:97 .4% Pb Solid solution forms.

2)ln Mg - Zn system, Mg r Mg (Zn)" and Zn + Mg ( Zn). solid solutions are formed.

Freezing Mixtures :

When a salt is added to ice, in a salt water systern, the melting point of ice falls. At Ooc, when salt is
added to ice, there exist equilibrium between the three phases i.e. ice, salt and solution. lt is stable at eutectic
orcri'ohydric point. This is the lowest temperature known as cryohydric temperature that can be attained by
asaftwater system. Composition ofthe system atthis temperature is called Freezing mixture. Thesefreezing
mi,xtures are used in the laboratory to bring down the reaction temperature to sub zero levels.



Eramples :

Freezing Mixture - Lowest Temperature

(Or) Cryohydriq temPerature

NaCl +'lce - -21"c

NH4CI + Ice -7loc

CaCl, * Ice 55.99c

KCI +lce ll.4oc

3.1.9 Model Questions :

l) State phase rule and explain the terms involved. What is q.phase diagram'? Explain.

2) Discuss the application of phase rule to a one component system.,

3) Explain the following terms with suitable exainples.

i) Triple Point (ii) Urrivariant system (iii) Eutectic Point.

4) Apply the phase rule to silver - tead system and explain the impofiance of eutectic point.

5) What is congruent melting point ? Discuss the phase diagram of Mg - Zn system.

6) What is ihcongruent melting point ? Discuss the phase diagram of NaCl H"O system

7) Find the degrees of freedom and nunrber of cornponents in the following systems

CaCO, (s) * CaO(s) + CO2 (g)

8) Discuss the significance of tripie poipt in water system.

9) Define Phase rule and explain the terms involved. Mention the degrees of freedom in the

following systems.

i) Pure gas (ii) Saturated solution of sodiurn chloride liii) Ir(s) * l,(v)

l0) What is a component ? GiVe the number of components present in the following systems

i) Mixture of O, and N, (ii) Depomposition of Ca CO-. (iii) water t' water vapour

V.Mangathayaru

Retd. FI.O.D.

Department of Chemistry

J. M. J. College For Women.

Tenali, Guntur- (Dt)



T]NIT - III

Lesson - II

SOTUTIONS
3.2.1A solutions is defined as a homogeneous mixture of two or more substances. The substance present in
larger proportion is called as solvent while the substance present in smaller amounts is called as solute. A
solution may exists in three states namely gaseous state; liquid state and solid state;. Depending upon the
physical state of solute and solvent; nine types of solutions are possible, our of which, solid in liquiJ; t-iquid in
liquid and gas in liquid solutions are more significant.

Reasons for a substance to dissolve :

Every system exhibits two types of tendencies (i) the system always tends to move towards decrease
in enerry and (ii) to move towards increased disorderliness or randomness. Solution exhibits a state of greater
randomness. Randomness favours solution. So. randomness atways trying to increase the solubility while
enerry trying to decrease it. Temperature always increases randonrness and hence solubility increases with
rise in temperature

3.2.2 Solubility of gases in liquids:
All gases are soluble in water as wett as other solvents to a certain extent. The solubility of a gas is

generally expressed in terms ofabsorption coefficient (c) introduced by Bunsen. The solubility of tne gas in
a liquid depends upon the pressurer temperature. the nature of the gas and the nature of t6e solvent. The
absorption coefficient is defined as the volume of the gas reduced to N.T.P or S.T.p. dissolvecl by unit
volume of the solvent at a given temperature and at a pressure of I atmosphere. The gases which are Lasily
liquefied are more soluble in common solvents. eg: CO. ; NH., etc are more soluble in rvater. Gases which
are highly ionized in water are more soluble in water. For example gases like HCI : NH3 are highly ionized
and hence they are more soluble in water. At a given pressure, the solubility of a gas decreases with rise in
temperature.

The effect ofpressureon the solubility ofa gas in a given solvent was discovered by William Henry.
He found a simple relation between the pressure and solubility of a gas. This relation is known as Henry's
law and may be stated that at constant temperature, the mass of a gas dissolved per unit volume of a sotvent
is proportional to the pressure ofthe gas.

mo p

m=K.P

Where

m = mass of a gas dissolved per unit volume of a solvent.

P = Pressure ofthe gas

K = Proportionality constant.

Gases obey Henry's law provided



(D The temperature is not too low

(ii) Prbssure is not too high

(iii) The gas does not dissociate or enter into chemical combination with the solvent and the gas

should notbehighty soluble. Forexamplethe Henry's law is valid in caseof solubilityofammonia
in benzene since it is sparingly soluble but not in water since it enters into chemical combination
with water.

NH., + HrO -+NH4OH + NHf,+ O;

Henry's law may be stated in another form, considering the volume of the gas dissolved instead of
the mass. The volume of the gas dissolved will remain the same in spite of increase of pres3ure. Hence,

Henry's law may be stated as that "The volume of the gas dissolved in a solvent at a given ternperature is

independent ofthe pressure" .

If Henry's law is valid, the graph obtained should be astraigbt line, ri,hen sotubility ofa gas is plotted

against pressure at constant temperature.

Vrrlrtion ofrolubllity of ryu witb prct utc.

3,2.3 Solutions of liquids in.liquids:

Solutions containing onty trvo liquids are known as binary liquid solutions. Depending upon their
solubility in one another, the binary liqui{ solutions arcclassified into three types.

ilThe two liquid are completely soluble in all proportions.

Example : Benzene arrd Toluene ; water and alcohol

ii) Partially miscible liquids:
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The two liquids are soluble in one another only to a tirnited extent.

Eg : Phenoland water; nicotine and water

iii)tmmiscible liquids: .

The two liquids do not mix with each other and hence fonn separate layers.

Eg : Carbon tetra chloride and water; Carbon disulphide and water; aniline and water,

Completely miscible liquids :-

Completaly rniscible liquids are further classified into two types of solutions namely ideal and non -
ideal solutions. " l

Idealsolutions: ,,'
A solution in which the molecules attract one another with equal force irrespective of their nature is

known as an ideal solution. For example id an ideal solution of two liquids A aqd B ; the force of attraction
betweenAandA;BandBandAandBmoleculesaresanre.LiquidmixturesEg.:-Benzeneandtoluene
; carbon tetrachloride and silicon tetrachloride; Ethylene chloride and ethylene bromide ; n - Hexane and n
- Heptane are examples of ideal solutions.

In an ideal solution

i) Total volume of the solution = volume of one liquid + volume another liquid. i.e. no volume
change occurs when the two liquids a?e mixed.

ii) No heat is evolved or absorbed on mixing the two liquids.

iii) Raoult's law is obeyed exactly at all concentrations and at all pressures. It is proved by a
straight line graph obtained bye plotting vapour pressure versus mote fraction of componenis.

Raoult's law

According to Raoult's law the relative lowering of vapour pressure of a solution is equal to the nrole
fraction ofthe nonvolatile solute present in the solution.

Raoult law when applied to an icieal binary liquid mixture oftwo liquidsAand B.

Po = xo.Pon

P":xrPo, '. !. '\

Raoult's law may be stated as the partiat vapour pressure of arry volatite constituent of a solution at
any temperature is equal to the vapour pressure of the constituent (Po) muttiplied by the mote frbction ofthat
constituent in the solution.

3.2.4 Non - Ideal Solutions :

The solutiorr which does not obey Raoult's law are known as real or non ideal solutions. In non ideal
solutions, the m,;lecular interactions between the two components i.e A- B are either mbre or less than the
molecular interactions between the irrdividual cornponents i.e A-A or B-B. In case of ideal solutions the



gfaphs of vapour pressure versus composition ( mole fraction ) are straight lines while in the case of non -

idcal sotutions the graphs are curved lines. Depending upon these ourves, the non ideal solutions are divided

into three types namely

( i ) solutions that show small positive deviations from Raoult's law

( ii ) solutions that show large positive deviations and

( iii ) Solutions that show large niigative deviations.

( i ) Solutions that show small positive deviations from Raoultrs law :-

The vapour pressure composition graphs ofthese sotutions show small positive deviation. For any .

mole fraction the total vapour pressurc ofthe solution as welt as the partial vapour prcssure of each component '

arc very slightty more than that expected fronr Raoult's law for ideal solutions.
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Fig : Vapour pnessune - Composltion plots for real

Solution showing small positive deviation.
The dotted lines represent ideal behaviour.

( ii ) Solutions that show large positive deviations :-

tn these solution salso, the total vapour pnessure of the solution artd, the partial vapour pressure of
each component are greater or maximum than that calculated from the Raoult's law. The tendency for the

mdlecules to escape from the solution is more than that from the pure liquids, ln other words, the

A=0
B=1
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Fig : Vapour pressure composition plots for real
Solution showing large positive deviation.

The dotted lines represent ideat behaviour,

inter molecular attractions betweer A - B are webkcrth4n A-A'or B-B attractions, Formation of this type of
solution is accompairied by an increase in volume and absorptioir ofheat.

Examples : Water and ethanol ; acetairielryde - carbon disulplide, Benzene and Cyclohexane etc.

iii) Solutions that show large negative deviations :

In these solutions tlre total vapour presst;re of the solution is lcss than tlrat calculated from the
Raoult's law and hence show negative deviation. Herien+the terrdency for the molecules ,o 

"r.up" 
fi;r;;

solution is less than that from the pure components;'JtTndicates that the intenxolecular arrractions between
molecules of liquid pair A-B are stronger than eitli6r'A-A or B-B attractions. Formation
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ofthis type of solutions is accompanied by decrease in volume and evolution of heat. Examples : Water andnitric acid ; Acetone and chloroform ; pyridine and acetic acid etc.

3.z.sAzeotropes mixtures :

completely miscible liquids are divided into azeotropic mixtures (two types ) and Zetropic mixtures,A mixture of two or more liquids which boils at a constant iemperature with out change in composition is
fn9-n as azeotropic mixture. But azeotropic mixturer 

"- not be regarded u, 
"orpounds 

because the
boiling point and composition ofan azeotropo change with the pressure while the composition of a compound
remain unchanged with temperaturc and pressure.

Azeotropes - HCI-HZO; Ethanol- water systems, Fractionat distillation:
The study of the vapour pressures of completely miscible liquids mixtures are of great help in the

separation of liquids by fractional distillation. plotting the vapour pressures ofthese mixtures of cornpletely
miscible liquids againstcomposition has revealed thatihe mixiures ofcompletely miscible liquids are ofthre!
rypes -

i) Maximumboilingpointazeotropicsolutions

iD Minimum boiling,pointazeotropiosolutjonsand

iiD Zeotropicmixtures.

i) Maximum boiling point azeotropic solutions :

. Thgvapourpressure curve of this firsttype of solutions exhibit minimum vapour pressure ar a
particular composition and thus a maximum boiling point. In a mixture of two liquids X and Y in which X is
a mone volatile:compoherit. On adding more and rfi" of 

"omponlnt 
'Y', the vapour pressure ofthe mixture

decreases and the point 'D' where the vapour pressure is minimum and thus boiling point is maximum. The
mixture will boil at constant temperature and distil over completely without any change in its composition.

Complete separation ofthis type of solutions into its components is im.possible. Such type of liquid
mixtures which distil unchanged in composition at aconstanttemperature and show a maximum boiling point
are called as maximum boiling point azpotropigeolutions.
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Example : HCI- H2O sYstem

Hydrochloric acid form a constant boiling mixture at | | 0"c containing20.24% of hydrochloric acid.

ii) Minimum boiling point azeotropic sotutions

The vapour pressure curve of this type of solutions of completety rnisc-ible liquid mixtures show

maximum vapour pressure at point F and hence lowest boiling point. Such type of solutions show a constant

boiling point until one of the component has been comptetely exhausted. After thit the temperature rises and

the other component will pass over. lt is nbt popsible to separate these solutions also into its components

completely byfractional distillation. At the most, it is pcissible to separate it into a constant boiling mixture

and one of the components in pure state.

Such liquid mixtures which distil without change in composition at a constant temperature are called

minimum boiling point azeotropic solutions.

Example :

Ethanol or Ethyl alchol and water system. Ethanol - water mixture containing 9 5.59% alcohol boils

at the minimum temperature of 78. | 3oc. Thus it is very difficult to get pure alcohol by'distillatiott. How ever,

by adding benzene, it is possible to convert it into low boiling benzene-water mixture and on distillation. pure

alcohol may be left behind.

iii) Zeotropic mixtures

The liquid mixtures which.distil with a change in composition are called zeotropic rnixtures. Thb

vapour pressure of tlris type of mixtures always iie between the vapour'pressure of pure components'and
hence the vapour pressure iomposition curve is a straight line. Thls type of miscible liquid mixturescan be

separated completely into its components by fractional distillation

Examples : Methyl alcohol - water mixture.

3.2.6 Theory of fractional distillation 3

The vapour pressure composition curyes ofcompletely miscible liquid.mixtures are h.efpful in separation

ofthe liquid mixtures by fractional distillation. Complete separation by fractionaldistillation is possible only in

case of third type of solution i.e. in Zeotropic mixtures.

When a binary liquid mixture consistingof x and y components is heated, then the component having

highervapour pressure will boil at a lowertemperature. To understand the process of fractiorral distillation it
is necessary to have an idea of the composition of the vapour phase and that of liquid mixture at different

boiling temperatures. For tlris purpose the temperature - composition curves are important. Wlren we plot

theboiling point of liquid mixture against its composition. and the composition of the vapour in contact with

it, two separate curves for each type of solution are obtained. The curves obtained for third type of solutions

are shown below.
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Curves showing the composition of vapour and
liquid at various boiling temperatures.

AEB and ADB are the temperature composition curyes obtained for the vapour and liquicl respectively.
The composition of liquid mixture is represented by 'J' at temperature 'C' and that of vapour in equilibrium
by K. The more volatile component'Y'is present in greater proportion in'thE vapour than in the liquid
.l4ixture. Thus the distillate, richer in 'x' if it is subjected again to distillation, it will boil at 'F' and the fresh
distillate will have the composition 'L'. Now the pfoportion of 'Y' in the secona oiriiirut" ir gt""r".,fr""i"
the first one. By repeating the process of distillation in this way, oY'can be obtained. atmost in pure state.

In firsttype ofsolutions, ( Maximum boiling pont rzeeotropic Solutions ) a boiling nrixture indicated
by-Y'has its vapour, poor in 'Y'than the liquid mixture and there is gradual rise in boiling point till the
maximum point'C' is reached where the liquid mixture arrd vapour have the sanre composiiion. Here, the
disti I lation proceeds w ithout chan ge of composition.
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In second type ofsolutions, ( Minimum boiling point azeotropic solutions ) a boiling mixture indicated

by the point.X'. lnvapour the amount of 'Y' is in higher amount and there is gradual fall in boiling point till
. iirsaches the minimum point'C' Where the vapour and liquid mixtures have the same composition here. the

mixture boils ryith out any change in composition.
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Boiling.Point Curves
for 2nd type of sol.utions.

So, the above two types of solutions, can not be completely separated by fractional distiltation.

Fracdonel distillation :

Fractionating columns are used in order to decrease the number of distillations and so increase the

efficicncy of the process of fractional distillation. It is a long tube provided with obstruction to the passage of
vapour going upwards and that ofthe liquid coming downwards. The liquid mixture which is to be fractionated

is taken in a distillation flask fitted with a fractionating column, a thermometer and a condenser.

IA

It,
u
:)

f
II
o.:
ulF

AFT"LlT€
,tor?E

vd,a7rla
€qt4ttuver/7

-Ft&rldd d:tthaton.



The flask is heated from below. The liquid vapourises and the vapours rise into the fractionating
column where some of the vapours condense and start floriing down.

For industrial purposes a fractionating tower is employed which is divided into several compartments
by. means of trays that are set one above the other. At the centre of each tray, there is a hole which is
covered by a bubble cap. Each tray has an over flow pipe which joins it with the tray present below it. The
fractionating column is fitted in the neck ofthe distillation flask so that the vapours of the liquid being heated
passes up through it. The temperature falls in the fractionating column as the vapours pur. fror bottom to
the top. The hot vapours that enter the column get condensed in the lower part and when heating is continued
mone vapours travel upwards and boil the liquid already condensed. Thus the liquid condensed in the lowest
part is distilled on to the upper part.A sort of condensation and distillation goes on atong the height of the
column which results in the increase of the proportion of the volatite component in the out going vapours.
There exists an equilibrium between the liquid and vapour, at every point in the column uapours ofthe low
boiling liquid escape at the top and are condensed while the high boiling liquid collects at the bortom.

3.2.7 Partially miscible tiquids :

A large number of liquids which dissolve in one another, only to a limited extent are catted as
partially miscible liquids. Their solubility in one another is limited. For example, ether dissolves about l .2olo

water and watcr dissolves about 6.5Yo ether, When equal volumes' of ether and water are shaken, two
separate layers are formed one of which is a saturated solution of ether in water and the other layer is a
satrated solution of water in ether. These two solutions which are in equilibrium are known as conjugate
liquids and the partialty miscible liquids systems are divided into three types basing cnt heir critical qolution
temPeratures.

i) Partially miscibte liquids having upper critical solution temperature Eg : Phenol - water system

ii) Partially miscible liquids with lower CST, Eg : Triethyl amine - water system and

iii) Partialb miscible liquids having upper as well as lower CST, Eg : Nicotine water system.

The temperature at which the two partially miscible liquids become completely miscible is called the

gritical solution temperature (CST) or consolute temperature of,the system. Critical solution temperature is

very much influenced by the presence of impurities. When the critical solution temperature is lower than the

room ternperature, it is known as lower critical solution teqpeizture while if it is higher than the room
temperatune, it is known as upper critical solutiorltemperatura

i) Phenol ;'wrter - system ,oith upp"" CST :

. Phenol and water are partially misciirle at ordinary temperature. On shaking these two liquids, two
sahrated solutions of different compositions are formed i.e. one is phenol in water and the other is water in
phenol. Such solutions of different composition coexisting with one another are called conjugate solutions.
Their mutual solubility in one another increases with rise in temperature and hence the concentration of
phcnol in water and water in phenol goes on increases with rise of temperature and finally at a certain

tdntperature, the two conjugate solutions merge into one another to form one layer of lromogenous solutions.

This tempcrature at which the two conjugate solutions merge into one another to form a single layer is called
critical sblution tcmperature ( CST) or upper consolute temperature. This temperature for phenol water
systcm.
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Corresponds to 66oc and the cornposition of phenol as33o/o.Above this critical solution temperature

and outside the curve, the phenol and water are completely miscible and the system is homogeneous. But,
below this curve, the complete miscibility depends upon the composition ofthe mixture. It is clear from the
graph that at a temperature below 50oc, a mixtures of 90oh phenol and l0Yo water ( Point M) or 5oh phenol

and 95%9 water (PointN) will lie outside the curve and hence the above composition is completely miscible.
At 50oc, a mixture of equal proportions ( 50%each) of phenol and water form two layers whose compqsitions
are given by A and B. The critical solution temperature is very much influenced by the presence of impurities.
Hence the critical solution temperature is used for testing the purity of plrenol and other substances.

ii) Triethyl amine - water system - systems with lower CST :

In triethyl amine - water system the mutual solubilities of the two components increases with
decrease in temperature. The two liquids are completely miscible at l8.5oc. This temperature is called lower
critical solution temperature or lower consolute temperature. Below I 8.5"c temperature, tlre two liquids are

completely miscible to form one layer but above this temperature the two liquids fonn two different layers.

o
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'iii) Nicotine water systems with upper as weil as lower csr :

Some panialty miscible liquid systems, for example Nicotine water system, appear to be as a
combination ofthe above two types. These liquids are completely miscible above clrtain critical temperature
and below certain critical temperature. They show both opp"t u. well as lower consolute temperature. Thus
the system has two critical solution temperatures or consolute temperatures upper 208oc and the lower 6l oc.

' Above 208oc and below 6l oc the two liquids are miscible in all proportions. In other wards, between these
two limiting temperatures the two liquids are partially miscibte. Increase of pressure on t6e system raises the
value of lower critical solution temperature and decreases the values of the upper critical solution temperature-
and finally they become one at a particular pressore.
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Niootine and water system.

3.2.8 Immiscible liquids :

Liquid pairs such as water ether ; water - benzene ; water - carbon tetrachloride and water -'Cyclohexane do not mix with each other. Hence they are known as immiscible liquids or non- miscibte
liquids.ln'such liquid mixtures, each liquid exerts its own vapqur pressure independeni ofthe other. The total
vapour pressure of the in the liquid mixture.

p=pe*pe

Where P^ and P" are the individual vapour pressures ofthe liquids A and B respectively.

Any mixture of two immiscibl-e liquids boil at a temperature lower than that at which any pure liquid
ofthe mixture boils.

The relative'proportion ofthe two liquids in the distillate can be catculated, considering tlre fact that
the number of moles of each liquid present in the vapour phase is proportional to its vapour pressure. lf n^
and n, are the numbcr of moles of the two liquids A and B
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Then

9a
Pg

-]1/e - PA -MAWg - PB ^ MB

W^ and W" represent the actual weights and MA and lvlB are the rnolecular weights of the liquids

A and B respectively.

Thus the weights of the liquids in the distillate are in the ratio oftheir vapour pressures and molecular

weights.

3.2.9 Steam distillation :

Steam distillation is a process of distillation carried out in a current of steam. It is used in the
purification of organic cornpounds having high boiling points. These compounds slrould be imnriscible in
water. The process of steam distillation is done in preference to ordinary distillation

r) for the purification of organic liquids when it is difficult to remove impurities by other
methods and

ii) when the given impure liquid decomposes at higher temperatures.

When a mixture of water and a high boiling liquid is heated in a current of steam, the rnixture boils
at a lower temperature than the boiling point of the organic liquid.

Stcam di:tillatiol'

Steam distillation is used in the purification of organic compounds having high boiling points. The
mixture to be distilled is placed in a round bottomed flask and steam is paSsed into rt from a rnetallic can in
which steam is produced by boiling water. The flask which is heated on a sand bath is connected to a water
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condenser which has a receiver placed below its lower end. water and organic liquid collected in the
receiver form two separate layers which can be separated by means of a sef,arating funnet. The organic
liquid is then dried and redistilled. The ratio of distilling liquidi is given by the relationl

Organic substance Pg -.
--Water = Pw ^

re
where Po and P* are the vapour prdssures of organic substance

weight of organic substance and l8- molecular weight of water.

3.2.10 Problems :

l) A mixture of nitrobenzene and water boils at 99oc at one atmospheric pressure. The vapour pressure. of water at that temperature is 733 m.m. calculate the proportion of water in nitrobenzene in the
distillate at the boiling poirrt.

Ans : Molecular weight of nitrobenzene : 123

Vapour Pressure of water ( P*) : 733m.m.

Vapour Pressure of nitrobenzene (-PNB) = 760 - 733 = 27 mm

Weightof COHS NOZ Pe. MA
@:FilMB
wc==qtl !o z _ 27 xr23 rwu2o :ffifi=T97or4:l

2) The vapour pressures of water and aniline at 98.5oc are 7l7m.m and 43m.m respectively. The

fr:[?,tril::l"ofwaterandanilineare 
l8andg3.Calculatetherelativeweightsofihetwotiquids

^ 
_ _ Weight of aniline ( WA) PR . U RAnrt@=PB.MB

( we)
(ws) = #ffi= o.3oe8

3) When a mixture ofnitro benzene and water is distilled at a pressure of 732rn.m at98.2oc,the distillate
contains 18.8 gm of nitrobenzene per 100 gm of water. Vapour pressure of water at 98.2oc is 7lZ
m.m. Calculate the molecular weight of nitrobenzene.

Ans : Vapour pressure of nitrobenzene = 732 - 712:20m.m

' Vapour Pressure of water = 7l2 m.m

l8 \
and water; Mo - molecular

(wa)_
(we) -



wN.s =lA.MAWw tB.MB

18.8 _ 20x MA
100 7l2xl8

"^ 
= &!4'*4= l2o'5

Molecular weight of nitrobenzene = 120.5

3.2.11 Model Questions :

l) State and explain Henry's law. Show that the volume of a gas absorbed by a given volume of solvent

is independent of pressure.

2) State and explain Raoult's law at,d Henry's law.

3) What are ideal and non- ideal solutions? Show that in an ideal solution, the volutne of mixing and the

enthalpy of mixing is zero.

4) what are azeotropic mixtures ? Explain with one example

5) Draw a labeled temperature composition diagram for the nicotine water system and discuss the

variation of mutual solubility ofnicotine and waterwith temperature.

6) Define the term critical solution temperature. Explain upper consolute temperature and lower
consolute temperatuf€ with one example each.

7) What do you understand by positive and negative deviations from Raoult's taw. Explain with suitable

examples.

8) Explain the principle underlyingthe process of steam distillation.

9) Discuss the principle of fractionaldistillation ofa miscible liquid pair.

l0) Explain the terms consolute temperature and conjugate solution. Discuss the variation of mutqal
solubility of Phenol- water.

I l) A mixture of chloro benzene and water which are imrniscible boils at 90.30"c at an external pressure' 
of 740m.m.The vapour pressure of pure water at 90.3"c is 630.lm.m. Calculate the weight

composition of the disti llate.

l2l A mixture of Chlorobenzene'and water distills at 90oc and at 734.4m.mpressure. At 90oc, the

vapour pressure of water is 506m.m. Calculate the ratio of weight of chlorobenzene to water collectod

in the distillate.
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T.IMT -III

Lesson - III

ELECTRO CIMMISTRY - I
3.3.1 Substances which allow electricity to pass through them are known as conductors while the substance
which do not allow the electricity to pass through them are known as non-conductors or insulators.

Conductors can be divided into two types namely

D metallic conductors and

ii) Electrolyic conductors or electrolytes.

Metallic conductons :

Conductors which conduct electricity without undergoing any chemical change are known as metallic
conductors. In these conductors, the conductance is due to flow ofelectrons.

Examples: Metats and non metals tike graphite 
( ++ -

Electrolytic conductors or Electrolytes :

. Conductors which undergo chemicaldecomposition when electric current is passed through them
are known as electrolytic conductors or electrolytes. In thi:se conductors. the flow of electric cunrent is due
to the movement of ions.

Examples : Aqueous solutions of acids ; bases and salts and fused salts.

A substance which in the form of its molten state or solution conduct electricity and undergoes
chemical decomposition is called an electrolyte and the phenomenon of decompositign by electricity is
knowtt as electrolysis. ln a similar manner, the substance in the form of solution or in its molten state which
do not conduct electricity is called a non electrolyte .

Example : Pure water and organic compounds.

Electrodes :

The nredium through which electric current enters or leayes the etectrolye is known as electrode.
It may be a metal rod, plate or a foil. There are two electrodes. i.e. a cathode or a negative electrode
connected to the negative terminal of the battery. It allows the electric current to enter the etectrolyte. An
angde or positive electrode, connecte{ to the positive terminal of the battery. It allows the electric current to
leave the electrolyte.

Outside the etectrolyte, the electric current flows from,.anode to cathode where as inside the
'eleCtrolyte, the electric current flows from cathode to anode .

Molecules of electrolyes consist of two oppositdly charged particles known as radicals or ions.^
Cations are positively charged ions. When electric current is passed through the solution otun 

"l"g1pnlvte.these cations move towards the cathodes. The second type of ions known as anions are rregatively charged
ions move towards anode when an electric current is passed through the solution of an electrolyte.



Electrolysis :

The process of chemical decomposition of an electrolyte by passage of electric current through its

aqueous soluiion or in the molten state is called elecfolysis. The electiolyic cell is used for doing electrolysis.

It is a glass vessel consist of electrclyte in the form of its solution or in molten state and two electrodes are'

dipped in thesolution. 
l

Mechanism of electrolYsis :

Exarnple :

Electrolysis of sodium chloride solution usingplatinum electrodes.

ln the solution of sodiunr chloride : NaCl dissociates completely to give soihrnr. and chloride ions

while water dissociates to a small extent to form H* and oH ions. on passing electricity, hydrogen gas is

liberated at the cathode while chlorine gas is liberated at the anode : and sodium hydroxide is formed in the

solution.

At cathode :

H* ions have lower discharge potential than Na' ions and hence H* ions'are liberated at the cathode.

' 
Electrons enterthe solution through the cathode and combine with H* ions to give neutral hydrogen

atoms which then combine to form molecular hydrogen and escapes as gas

H* + e' +H - Reduction

H+H t H,

At anode :

Chloride ions have lower discharge potential than O H ions and hence are liberated at the anode as

chlorine gas.

Cf + Cl+e'-oxidation

Cl+Cl + Cl2

)

:. :-
Ht

cF.
pF-
Ct-
Ni+

Itr+

cr-

Cl-
N'
ol{

, cl-

ol-
4l-
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clcctt olytlc oonducrion.



The electrons furnished by the chloride ions flow through external circuit from the anode to the
battcry.

Thus, the phenomena of electrolysis involves oxidation at the anode and reduction at the cathode.

-3.3.2 Faraday's laws of Electrolysis :

' Michael Faraday, an English scientist studied the relation between the electricity and the amount of
substance deposited on the electrode and discovered two important ta*s 1no*i ";F;ilt; i;;, ;;

.electrolysis

Ilew:

The amount of any substance deposited or liberated at an electrode is directty proportional to the
quantity ofelectricity passed through the electrolyte.

Mathematicallv

waQ

W = Weight of the substance deposited ( in grams )

Q = Quantity of electricity passed ( in Coutomb)

Q=cxt
Where

C = Current in amperes

t: time in seconds.

Wacxt

W=ZxCxt

Where Z is proportionality constant known as electro chemical equivalent of the substance.

WhenC=lampereandt=lsecondi.e.acurrentofoneampereispassedthroughanelectrolyteforone
second

W=ZXlXl

Y=z
Thirs the electrochemical equivalent of a substance may be defined as the amount of the substance

deposited by passing a current of one ampere forone second i.e. by passing one coulomb of electricity. One
gran :quivalent ofan ion is always liberated by 96500 coulombs of electricity.

Efectro chemicat equivalent (z)= Egfg5f+#!g!!



II law :

When the same quantity of electricity is passed through different electrolytes, then the weight of

different substances produced are proportional to the equivalent weights of the substances'

YL: Elw-E \

Where W. and W,are the weights of two elements deposited by passing certain quantity of

eleciricity through their sait solution and E, and E, are their eQuivQlent weights'

According to I law
W=ZXCXt

ZlxCxt - 
Et

Z2xQx1- E2

zL :El
4. -ez
Or - *= -.

The etectrochemical equivalent of an ellmEnt isdirgctly proportional to its equivalent weight'

EUZ

E:F xZ

Where' F' is the proportionality constant called as Faraday which is equal to 96500 cou mbs.

ZEt=T

Electrochemical equivalent ofthe metal : Equivalent Ygi-g-lrj of the metal

3.3.3 Conductance of electrolytes:

Every substance offers resistance tb electriciry- to a small or large extent and its value is given by

ohms law.

MathematicallY

Voltase
Resistance = eurr7

R=E

ohms = ,volts -

Amperes

)



R = Resistance measured in ohms.

E = Voltage in volts.

C = Current strength in amperes.

Conductance(C) :

The conductance or conductivity-is the ease with which the current flows through a conductor.The
substance which offers lesser resistance will atlow more curr€nt to flow thro'ugh it.The reciprocal of electrical
resistance is called as conductance or conductivity.lt is expressed in

(- =L'-T
The unit called reciprocal ohm (ohm-r) or mho.

Specific Conductance:

The resistance offered by a conductor to ttre passage of electricity through it is directly
proportional to its length I and inversely proportionatto the area of cross section-b' ; i.e.

RoL'a

R': p;
Where p ( rho) is a constant and its value depends on the material of the conductor and is cailed

as specific resistance.

When |=l cm and a - lcmr then R = p

Hence, the specific resistance or resistivity of an electrolyte :s the resistance in ohnrs of a centirneter
cube of material.

The reciprocal of specific resistance is knownas specific conductance electrolytic conductiviry and
is denoted by tlre symbol K ( Kappa )

tt. lK = :;31-rLpaR

The electrolytic conductivity ofa solution is defined as the conductance of a solution taken in a ce,,
in which the electrodes are a unit distance and have a unit area.

Specific conductance is meas'ured in units of ohm-r cm-r.

K= *"f, = ffi=e[6-r g1n-r



(b){a}

Somc cornmon type of conductivity cells.
Ccll of thc tipc (a) arc asod fq solution of low oonductancc, while cclls of thc typcs

(b) and (c) arc uscd for highly conducring solurions.

In measuring the specific conductivity of the aqueous solution of an electrolyte, the'volume'of the

water in whiCh a certain weight of the electrolyte is dissolved"is always m.easuted in cubic centimeters

(C.C) and is known as the ditution.lf the volume of the solution is'V'c.c, tlre specific conductivity of such a

solution at dilution'V' is written as Ku.

Equivalenrconductance: .'
Ifone gram equivalent weight of an electrolye be dissolved in Vc.c. ofthe solution, the conductivity

of all the ions produced from one gram equivalent is known as the equivalent condttctaltce at the dilution 'v'

and is written as I v. It is equal t<i the product of specific conductance Ku and the volume'v' in ml containing

one gram equivalent of the electrolye. i:

)'v: Kv XV

The above relation is explained as follows

9ml of a solution containing one gram equivalent of the electrotyte. wlren placed between two plates

which are lcm a part will consist of nine cubes each of wlriclr lras a corrductivity Ku. Therr tlte total conductance

ofthe solution is 9 X KV. tn a similar way, Vml of solutiorr will form V cubes and l;ence the total equivalent

conductance luwillbe Ku X V.



lf C be the concentration of a solution in gram equivalents per litrg. then the volume'V'ot'.the
solution containing one gram equivalent will be l000/c.

Units of equivalent conductanee's

)''u: Ku xV

But Ku =

cmxlx(cm)3
= 

G*)2 xohmxequivalenl

= ohrn'r cmz Equi -l

Molecular conductnnce :

The conductance of all the ions produced. when one gratn molecutar weight of the solute be dissolved

in Vml of the solution, is knorvn as molecular conductance or molar conductance. lt is represented as P r..

It is obtained by rnultiplying the specific conductance by volume'V' mt containing one gram nrolecular
weight of the solute.

/,.= K' xV

K"Xry

*"*.u



Units of molecular conduptance = ohm'r cm?mole'].

Relestion between equivalent conductance and molecular conductance :

Molar conductance
Equivalent conductance = Number of charge on.an ion

For Example in NaCl, the charge on each ion is I

Equivalent conductance : Molar conductance

3.3.4 Measurement of Conductance : ,

Conductance is the reciprocal of resistance and hence its value can be obtained by determining the
electrical resistance of the solution using the principle of wheat stone bridge circuit. wheat stone bridge
circuit consits four arms containing the resistance R* R2, R, and unknown resistanbe \. The resistance R,
and R' are fixed.\ is variable and \ is unknown

A Simple Wheat Stone bridge

Asmall voltage is applied across pointsAC andtheresistance R.3 is varied until null point is obtained,
i.e No deflection in the galvanometer'G'. Connected across the points B and D i.e. then the solution whose
conductance is to be determined is placed in a special type of cell known as conductivity cell.

Knowing the values R' q, and \ , the value of Ro can be calculated

Rr Rr
R;=M

The following types of conductivity cetls are used.

Fig (a) type conductivity cell is used for solutions of low coriductance ahd (b) type cell is used for
solutions of higlr conductivity.

fhe conductivity cells are made of pyrex glass and fitted with nvo platinurn electrodes. The electrodes
consists of platinum discs coated with platinurn black and welded to platinum wires.fused,intwg glass trbes.



Thcsc gfrss arboc which contain mercury are finnly fixed in the ebonite cover of frg*L'* that the
dirtmco botcrccfi the electrodes may not change during the experiment. The sloctmdc+.;q{pctod to
ilrcoircuit by dipping coppcrwires ofthe circuit in mercury placed in glass'hrbei. Condrffi'r*b,rvith
tdtpcrrturc and hcnce the coductivity cell conaining the solution is to be placcd,in rrlmffl*, '

oulGn JAn

ConductMtY Cell

The rnain diffrculty in determining the resistance of the solution of an

crym1tis itcnsc,olsctroly*isof the solution in addition to conduction ofcu@{":FJ
rol"io" produccc the following cffects - ';.-i

l) Thc conccnfration of the elecholyte near the eleotrodes gt.r4nges which

offoct3. i.c. r brek EMF is set up which opposes the current passed rnd hence c$Ss
vrty.

To rroid &ose diffrculties, an alternating current is used. Since under these

hib b &tccr $p null point, it is replaced by atread telephone or magic eye.

Thc rmogement commonly used in class experiments is shown below

ti=l-:''l'.i

o3ii..r:"f"t

r;':": j f}.
1r'
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AB is a wire. mostly of platinum iridium alloy. tightll'stretched over a metre scale graduatod in
millimetres. Asliding contact 'H' moves along this wire. R is a resistance box. 'C' is the conductivity cell
containingthe solution and is placed in the thermostat tn maintain the temperature constant through out the
experiment. 'l' is the induction coil and when the current is flowing auy resistance is unplugged in the
resistance box R and the sliding contact'H' is moved until the sound in the head teleplrone is minimum.

Resistance of C - Resistance of BH = 
!9!g![ lH

Resistance of R Resistance of AH Length AH

Cell constent :

The reciprocal value ofcell resistance calculated as above does not give the exact specific conductance
of the solution. lt gives only a value proportional to it since the etectrodes are not exactly I cnr apart and may-
not possess a surface area of lcm!. The exact value of specific conductance can be obtained by measurinpi
the distance between the electnodcs and their area of cross section. It is in convenient to measure the exact
values of I and a: an alternate method is used to calculate the specific conductance lrom the observed value
of the conductance of the solution in ccll'C'.

When'l' is the distance betwecn the electrodes and 'a' is the area of cross section. the resistance R.

R=Px I
a

R=Pxx

The ratio equal to x is called as the cell constant.

urrit for cell constant = sm'r.

Cell constanl x =

=ffi
Specific conductai,-- - tr ^ -,rstant x observed conductance.

According to the accurate measufements ur r... ' ..,sch. rlre specific conductance of N/50Kcl
solution at 25"c is 0.002765 mhos.

L
a

R
P

Cell constant -r - .=;---0'08.270I-
Observed conductance

3.3.5 Variation of spccilic and equivalent conductance lyiih dilution or Effcct
of dilution on specific and equivalcnt conductance :

Conductance of a solution is due to the presence of ions in the solution. l-lence, grearer the nunrber
of ions in a solutiorr, greater rvill be its conductance. with dilution. tlre dissocietion of the elecrnrlvte increases



and hence the conductance value should also increasc. But thc equivalent and molecular conductance
valurcs of a solution increase with dilution where as the specific conductance of a solution decreases'with
dilutbn.

The specific conductance is the conductance of lcm cube of the solution of an electrolyte. The
specific conductance decreases with dilution because the number of ions present per centimeter cube of the
solution decreases on dilution. Altlrough the total numberof ions incrcases with dilution, the numberof ions
per centimeter cube ofthe solution goes on decreases on dilution. The equivalent and molecular conductance
values increase rvith dilution because these are the product of specific conductance and.the volume of the
solution. On dilution more and more of the electrolye ionises and when the electrolyte has completely
ionised, firrther addition of water produces no change in the value ofequivalent and molecular conductances.
Thus, the equivalent and molecular conductance values tends to aquire a maximum value with dilution. This

maximum value of equivalent conductance at infinite dilution is represented 6 Xs. and that of motecular

conductance as Po.

33.6 Classification of electrolytes :

Basing on their value of conductance. eletrolyes arc classified into nvo types namely strong
electrolytes and weak electrolyes.

a'igie
3.Cgri€r.ttG

r',Tl#affi'*
tlre equivnlcnt conducturice uf' 
rueuhand strrrne clcctrolyh's

The electrolytes which posses a high value'of equivatent conductance even at h concentrations
and increases gradually with dilution and then reaches a maximum value are called rng electrolytes.
Examples are HCl, HNO' t t Sq ; NaOH ; KOH : NaCl; KCI etc.

The electrotytes wlrrch posses a low vatue of equivalent conductance even at higher concentration
and whose equivalent conducrance increases rapidly with dilution but does not approach a constant value
are called weak electrolytes.

Examples : CH,COOH : NH.OH etc.
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3.3,7 Problems on specific conductance and equivalent conductance :

Example -1.

If the resistance of fi acid solution is 2.5 x | 03 ohm when measured in a cell whose cell constant

is l. | 50, what will be the equivalent conductivity of the solution ?

Sol : Resistance of the solution , R = 2.5 x 103 ohm

Cellconstant,x: l.l5

Strength of the solution :0.1N

Specific conductance, Ku =

Equivalent conductance = 
Kv x 1000

c

l.l s .. 1000------------ ^ --F;-
2.5 x l0r u' l

:4.60 ohm-r cmr equiv-l

Example -2.

0.05N solution of a salt Occupying volume between two ptatinum electrodes | .T2cnapart and area
4.5cm2 has a resistance of 250 ohms. Calculate the equivalent conductance of the solution

Sol : Cell constant, x =
Length ( I )

area'of cross section (a)

Length(l)=l.72cm

area of cross Section (a) = 45cm2

1 1',)
Cefl constanr,: ffi:0.3822 cm-l

Strength ofthe solution = 0.05N

Resistance of the solution = 250 ohms

Specific conductance, Ku = H#

= W:o.oor53

x l.I5
; = -----:i
^ 2.5 x lor

x
R



Equivalentconductance = K x

= 0.00153 lr lH
= 30.6 ohm'cm2.

Exampte -3.

The specific conductance of { KCI solution at 25ec is 0.002765 ohm'r cm'r and the resistance ofI,,
the cell contaning this solutiorr is 100 ohms. Determine the celt constant.

Sol : Specific conductance = 0.002765 ohm-' cm'l

Resistance (R) of the solution = l00 ohms

Cell constant = Specific conductance x Resistance

= lllil'i_ '"
Example -4. 

1

The specific conductance of 0.lN Kcl solution is 0.01 l2 ohm r .The resistance ofthe cell contanihg
the above solution at the same temperature is 55ohms. Calculate the cell constant.

Sol l Specific conductance = 0.01l2,ohm'r cm'l

Resistance = 55 ohms

cer constanr 

= il:il,.conductance 

x Resistance

= 0.616 cm''

Erample -5..

A conductance cell has two parallel electrodes of l.25cm2 area and l0.5cm apatt. when fitled with
0.lN solution of an electrolye at 298K, the resistance was found to be 2000 ohms. Calculate the'

cell constant and equivalent-conduiiance of the sotution of the electrotyie.

1000
c

Sot : cel constant= 4- ++= 8.4cm-larea of cross section (a) 1.25 v'av"'

Resistance = 2000ohms

Specific conductance = *"*



'8.4: 
fr00 = 0.0042 ohm'l

- t000
Equivalent conductance = K, x tf

: o.oo42 * 190'0
0.1

:42 ohm't cm2 equiv-t

Example - 6.

The cell constant ofa cell is 0.5cm-r. A solution of an electrolye taken in the cell showed a resistance
of 5Oohms. Calculate the specific coirducrance of the solution.

Soi : Cell constant:0.5 cm'l

Resistance = 50 ohms

Specific conductance _ Cell Constant
Resistance

0.01 ohm-'cm-'

3.3.8 Model Questions :

I ) State and explain Faraday's laws of electrotysis.

2) Write a short note on electrolyes and non electrolytes. What is electrolysis ? Cornpare metalic
conductors and electrolytic conductors.

3) What do you understand by specific conductivity and equivalent conductivity ? What is rhe effect of
dilution on them.

4) Define resistance, specific conductance and equivalent conductance. What are their units ?

5) What is cell constant ? What are its units ? How is it related to specific conductance ?

6) Define the term equivalent conductance and mention its units., Describe the effect of dilution on
equivalent conductance.

7) Define equivalent eonductance. Why does specific conductance decrease and equ ivalent conductance
increase with dilution

3.3.9 Problems :

| ) The resistance of 0. I N solution of an electrolye placed between trvo platinum electrpdes,2Qgim a
. part and having arr area of cross sestion cf4.0 sq.cnr is 25 ohms. Calculate the equivalentpondultivity

ofthe solution. .,

( Ans : 200-Otun'r cmr equiv-r)
i-.,

0.5
50



The resistance of 0.5N solution of an electrolyte irr a corrductivity cell r,r'as tbuncl to bc 45.;hrns.
Calculate the equivalent conductivity of the solution. if the electrodes in the cell are l.2cnr aparr and
have an area of 3.8cm:.

( Ans : 25.74Ohnrr cnr: ec,uiv-r)

The resistance of 0.2N solution of an electrolyte, was found to be 250ohrns at 25oc. Caiculate the
equivalent conductivity if the cell constant is 0.75cm-l

( Arrs : l5 rnho crn: equiv-r)

The resistance of 0.0lN solution of an electrolye was found to be 2 | 0ohms at 25oc. Calculate the
equivalent conductance of the solution cell constdni= 0.88

2)

3)

4)

s) The resistance of a cell containing $ KCI solution

equivalent conductance of KCI solutiorr . cellconstant

( Ans : 4l9 rnho cnr: equiv-r)

was found'to be 400 ollns. Calculate the

= l.l0cm'l

( Ans : 137.5 Ohnr-r cnr: eqrriv-r)

The resistance of an 0.lN solution of an electrolyte is 40ohms. If the distance beirveen the elecrrodcs
is l.2crn and area of cross section is 2.4cm:. calculate the equivalent conductance.

( rlns : !25 Olrnrt cnr: equiv'r;

The equivalent conductance of a 0.005N. NaOH soltdtion is 240mhos im: equi-r. rvhat is the speci c
conductance and electrical resistance if the electrodes are lcrn,a part and have a surface area of
Icm:.

( Ans : 0.00l2rnhos ; 833.33 Ohnr )

The resistance of a deci nonnal solution of a salt occupying a volume between tu'o platinunr electrodes
|.80on a part arrd 5.4cm: in area was found to be 32ohrns. Calculate the equivalent conductivity of
the solution.

( Ans : 104.1 Olrrn'r cin: equir''')

V.Mangathayaru

Retd.H.O.D.

Department of Chemistry

J. M. J. College For Wonrcn.
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UNIT - III

Lesson - IV

ELECTROCIIEMISTRY - II
3.4.1 Migration of ions and Kohlrausch's law :rrrssvvu g 16vv

Ions exist independently in solution and they move towards the oppositely charged electrodes, on
passing curent through the solution. This movement of ions towards the oppositely charged electrodes is
known as migration of ions. This can be demonstrated by the following experiment.

Movement of Coloured ions :

Cr.O7&
(Yellow)

ro, rilua ttar€ 
: (blstat€ atter somotime

Demonsradon of migration of ions.

The lower part of a 'U' tube is filled with a smalt amount of copper dichromate jelly which is dark
green in colour prepared by mixing 5 percent of agar agar with a smalt amount of equimotar mixture of
copper sulphate and potassium dichromate. A small amount of powdered charcoal is scattered on the surface
ofthejelly in both limbs. It indicates the initial position ofthejelly in the limbs. Potassium nirrare solution in
agar agar is placed over charcoal in both the limbs which is allowed to set. Over ttris layer, a solution of
potassium nitrate in pure water is added in the two limbs and then platinum electrodes are inserted in it.
When curent is passed, the blue ioloured copper ions rises into the jelly towards the negative electrode
while the reddish yellow coloured dichromate ions move up towards anode. The migratiol qfthe ions w.ill,be
indicated by the rise of blue colour in the negative electrode and reddish yellow colour in the anode of the
tube. After some time the two types of ions are seen moving with well dehned boundaries. The movement
of the two coloured bands in the limbs is different ftrdicating the difference in the speed of the tws i6ns.

999\ Jooo
33_33#s3oooooo

0000('ffir*2q€iiihr.lty Green



Relrtivc spceds of ions during electrolysis :

According to Faraday's second law of electrolysis, when the same quantity of electricity is passed

through solutions ofdifferent electrolyes, equal number of ions are always discharged at different dlectrolyes.
It does not indicate that the ions move with the same speed. Hittorf explained by means of a theoretical
device, that ions although move with different speeds yet they are liberated in equal number at respective
electrodes.

Consider an electrolyic cell containing equal number of cations and anions:of the same valenby.

The metal electrodes A and B represent the anode and cathode. The solution present between the two
electrodes be devided into three compartments namely anodic, central and cathodic with the help of two
imaginary partitions C and D which are permeable to ions and prevent the convection currents.

tl

tll

Cathodc C€ntral Anodic
compannenl I cdnpertnrnt I corparunenl

1 : 1 1111:1111 I : 1

{!

T-l'i+ + + +

<a
++++'r++ :@.J I.-------

; -i;::.
<-

+++..+++
o-

r-<_l+ + + +t----
|->+

-@.'F + ,--------
- -l:--.>

Hittorf s thcoretical dovicc showing the eguivalcnce of discharge forany
rslativc Jatc of migration of thc two rypcs of ions.

Before electrolysis, let there be l3 molecules in the vessel, four molecules being present in eaph

anodic and cathodic compartments and five (5) in the central compartment.

On passing current, let us see what happens under the following conditions.

D When either cations or anions move

D When cations and anions move

iD When cations and anions move with different velocities.

i) When either cations or anions move :

In a unit time, suppose two cations from anodic compartment rnove to the middle compartment from

there two cations wiil bL pushed to the cathodic compartment. Now the number surplus,anions of anodic

compartment and cations of cathodic compartment is equal ( position l | ) although anions have not moved at



all. The surplus ions are discharged at the r€spective electrodo. As a result of this, the concentration of
anodic compartment while that of the cathodic compartment has remain unaltered. Note that although only
cations have moved, yet the number of anions and cations discharged at the two electrodes is equat. In a
similar way, we can explain if there is movement of onll,anions.

ii) When cations and anions move with same velociries :

In a unit time, suppose two cations move towards the cathode and.trvo anions move towards the
anode(condition lll)Thesurpluscationsandanionsissameintherespectiveconrpartmentsi.e.4and,will
be discharged at the nespective electrodes. The conceni.at:orr in the two compartrnents has decreased to
the same extent i.e. by two molecules.

iii) When cations and anions move rviih different velocities :

ln a unit time, suppose two cations move towards the cathode and onpanion move towards the
anode showing that the speed of the cations is twice that of the anions ( Conditl6nilv; Hero also. the same
number i.e. three surplus cations and three surplus anions will be discharged at the respective electrodes. In
this case. the decrease in concentration in the anodic compartment is double the decrease in the cathodic
compartment.

In all the abote cases, the concentration of the centrat compartment has remained constant. This
condition is realized, provided tlre current strength is small and no variation in the tempe.rature.

From the above considerations, the follorving conclusions are drawn.

i) Irrespective of the relative speed of the two types of ions. ttrey are always discharged in
equal amounts

it) Fall in concentration around any electrode is directly proponional to tlre speed of the ion
moving away from it i.e.

Fall in concentration around anode o Speed of the cation.

Fall in concentration around cation a Speed ofthe anode.

Mathematically

Fall in conc. around anode _ Speed of cation
Fall in conc. around cathode Speed ofcation

The relatiolt given above. is valid, when the discharged ions do not react with the material of the
electrode. But in some cases, where there ions react with the material of the electrode.

Example :

Electrolysis of silver nitrate solution using silver electrodes. tn this, on electrolysis, there is increase
in the concentration of silver nitrate around the anode. Every nitrate ion that reaches the anode dissolves one
silver ion from it, to form silver nitrate which shows increase in concentration ofsilver nitrate in the anodic
compartment.



Suppose the electrolysis is taking place between platinum elcctrcdes, then condition (lll) will occur.

On the other hand if platinum electrodes are replaced by silver electrodes, it will be different frorn that of
conditioX{lll). In a unit time two anions move towards anode and tnro cations move towards cathode. ln the

cathodic compartment there will be four surplus cations, liberated at the cathode. Hence the concentration

of cathodic compartment will fall from 4 to 2 molecules: The concentration of the anodic compartment has

incredsed from 4 to 6 molecules. This is because, in the anodic compartment the two aniond corning from the

cathodic

Condition iil of the above Hittorfs the oritical device

compartment will not be deposited on the anode but theie together with two other anions unpaired cltre to

migration of two cations, i.e. these four anions will react with anode liberating four silver cations in the

anodic compartment.

+<-*o f+l+ + + + +l++++++l

+---+-----li-::-l:t
@

"'*.:*f,f*tffiXTf '#ffi:?'ffi ntrmxjT'H"drrom
snode duc lo attack of four unpaired clcarons in tho anodic compartmcnl).

So, in case of attack able electrodes -
i) lncrease in concentration around an electrode is equal to decrease in concentration around the

opposite electrode.

n) The total ions deposited at cathode is equal to the sum of the ions lost frorn both of the electrodes.

3.!.2 Transport number :

An electrollre solution conducts electricitl'due to migration of the ions. Each ion carries a definite

fraction of the toral current and the amount of current carried by each ion is proportional to its speed- The

fraction of the total currcnt carried by arr ion is called as iq transport trumber or Hittor rrtrtlrher. 
-lransport

number of cations is represented by ric. tc or t+ whils tlre transpotl nuttther of anions is rePre'ctlte'l hr :tA :

ta or t-.
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' -ff- {tcspood of the ion, greaterthe amount of current carried by it and hencc greater will bc itsaupeo* *,.If uc and Ua arc the speeds of the cation and anion, then

Sht!.ytnion * current

!f tr *tion = KUa *

tiqlperr $umber of an ion
. :,':l_ '

j'. r1..11 .:

KUc--K(Ua+Uci

UcK

i *:,t'-""'":"t*" ;;.': :.
' .1 r ::. "

t
C

= K f uatu;)

Uc
(uu+u.)

r: 
Srahtion oftransport number:

."il{noftrursport numbers of cations and anions of an electrolye is always unity.
' ..:,.,t 

t.

-,',r Uc -, UaL?.. = ffi-7ffi': : 1Ua+gs; '(Uu+Uc)

Ua +Uc* g61a; = l

.Uc* 
( u.d')

u%u

',- 
u%,tu *u/uu

#i.1.'.': . ,

:T
l+r

Uc
ffi = r ( r - speed ratio of cation to anion )

l:i,' '



= (uaTua)

= Ua/ -Uc//Ua /Ua

_ l+r
r

Determination of transport number by Hittorf method ;

Hittorf method of determining transport number is based upon the principle' that fall in concentration

around an electrode is proportional to the speed of the ion moving away from it'

u%u

Fall in conc. around=catho-de
Fall in conc. around anode

We know that

Uc
( u". url

So,

. - Fatt.tn cory. alol+dt"= nc. around cathode

- Fall in conc. arolrnd aqode --- Fall in conc. around both electrodes

When concentration is expressed in gram equivalents then

Speed of anion Uc
= Spe-d;f cation 

: G-
\

t"=
Number of ivalents lost from'the anodic

frtil no of gm equiv. lost from the compartments

Accordingto Hittorfstheoritical device,thetotal numberofgm equiv lostfrom both thecompartmetns

is equal l"ir," 
"rriuer 

of gm equiv deposited on each electrode which can be obtained by placing a silvpr or

copper voltameter in series.

Number of uivalents lost from the anodic

N of gm equiv. deposited in the voltametert"=



Since t. * t" = I

t" = l-t..

Vadable
resistance Etperinnntal

- sdution

Voltametgror
coulornebr

trIg. HiUorf egpartus fordetermining fatrsport number.

Hittorf apparattts consists of trvo verticat glass tubes joined together througS a ,u, tube in themiddle and all the three provided rvith stop cocks at the bottom. ihe gtass tubes conrai,i"*ol #;#;and acts as anodic and cathodic cotnpartments. The 'U'tube constitutes rhe rniddle compartmert. A sitver orcoppervoltameter is connected in serics u ith the apparatus through a battery. a milliamrneterand a 
'ariableresistance.

All the three compartments are fillecl rvi(h thc'.elecrrol-r te solution in wh ich the transport number ofions is to be detennined.concentration of the 
"r".troi.*. 

r"i"ii", r- cretermined by titratigns. A current of l0to 20 milliamperes is passed for ? to.l hours. The passage of currenr shorrlcf be for a short tirne only, so thata large change in concentration does not take placel Afier etectrorysis, the solution frorn llre arrodiccompartment is removed and weighed anri rirrated as above to knou,the amount of etectrolyte present in it.The solution frorn the central compartment ancl irs concentrarion i, uirn a"t"rri,l"i.]r* concentratio' ofthe central compartment should be same as beforc'electrolysis. The weight of silver cleposited in the silvervoltanrerer or that of copper in case of copper \ ortameler is deternrined. If copper. r,ohanreter is used, therveight of copper deposited is converted into sih er equivalent by multipr.ving the weight of copper depositedby 108/31.8.

11tr
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Calculations :

When the electrodes are attackable i.b. when electrodes are of silver and the anode is attacked by
nitrate ions.

a) Concentration of anodic solution after electroysis :

Let the weight of anodic solution taken out: a grns

Weight ofAgNO, in'a'gms of anodic solution = b gms

Weight of water = ( a-b) gms

(a-b) gms of water contain b gms of AgNo, = x gms of Ag NOr.

b) Concentration of anodic solution bpfore electrolysis :

Let the weight of anodic solution = c gms

Weight of AgNO., in c gms of anodic solution = d gms

Weight of water = ( c-d ) gms

If ( c-d ) gms of water contain d gms of AgNO,

(a-b) gms of water contain: * X a-b gms of AgNO,

= y gms of AgNOr.

c) Increase in concentration around anode due to reaction of anion with anode :

Since.the electrodes are of silver which are attackable, the nitrate ions reaching the anode attack
the electrode forming silvbr nitrate and thus increases the concentration of silver ions in the anodic solution.

Hence the weight x is grqter than y

x>y

Increase in concentration around anode = gt;P X t08 gm eq.of Ag.

d) rileight of silver deposited in the silver voitameter :

Let the weight of silver deposited in the silver voltameter = w gms

108 gm. eq.ofAg

= Z gm. eq.of Ag



e) Fall in concentration around anode due to migretion of silver ions towards cathode :

The increase in concentration ofsilvcr ionsaround anode is inspite ofthe ususal migration ofsilver
ions f'rom anodic compartment to the cathodic compartment. Suppose, ifthere is no migration of silver ions'
from the anodic compartment, the increase in concentration of silver ions in the anodic compartment would
be much more higher and equal to the amount of silver deposited in the silver voltameter i.e. Z gm.equi of
Ag.

Fatl in concentration in the anodic compartment due to migration of silver ions

= Z- (x-y) gm.eqof Ag

l) Thansport number of Ag+ end NOj ions :

Fall in conc. of Ag Grn.eq) arourd anqde

',re* - Amount of Ag deposited ( in gm eq) in silver voltameter

z-(x-y)
.Ar* - 

---tNO. = l_t.-'-J Ag+

3.43 Problems :

Erample :l

A solution of silver nitrate containing 0.00739 gm of AgNO, per gm of water was qlectrolysed
between silver electrodes. During the experiment 0.078 gm of silver was deposited in the silver voltameter
in series. At the end of the experiment the anodic solution contained 23.l4gm of water and 0.236 gm of
AgNQ. Calculate the transport number of silver and nitrate ions.

After Electrolysis :

23.14 gms of water contained 0.236 gm of AgNO,

0.236=ffixtOs
= 0.t499 gm.eq ofAg

Before Electrolysis :

I gm of water contain 0.00739 gm ofAgNQ

23.l4gms of water contain 0.00739 X23,14 gm ofAgNO3

=0.1710 gm ofAgNQ

=Sf#xror



= 0.1086 gm.eq ofAg

Increase in conc around anode =0.4199{.1086

= 0.0413 gm.eq of Ag

Weight ofAg {cposited in silver voltamerer:0.07E gm.eq ofAg '

Fall in coqc in the anodic compartment due to migration of silver ions : Z- (x-y)

= 0.078 - 0413

= 0.0367 gm.eqofAg

Fall in conc. around anode
Trauport numberofAg' =

_ 0.0367
0.078

=0.4705

Transport numberofNO 
" 

= ,- 0.4705 .

J

= 
0.5295

Ennple: 2

Catculato thc transport number of silver ion if the transport number of nitrate ion is 0.5797.

tl*tc= |

f = 0.5797*o;
t^n. = l- 0.5797 = 0.4203

.:Errnplc: 3

Duringelectrolysis of silver nitrate solution the speal ratio of silver and nitrate ions between silver
oloctrodcs is found to be 0.916. Determine the transport number of the two ions.

S@ ofanion Uc
@iion -ff=r=o'916

.ll,"o; fr=FnA6=0.521

t^o= t -50.521

= A.429

Drrnplc: {
. A solution containing 0.0074 gm of Ag NO, per gram of water w8s electrolysed betrveen silver

drc,Orodcr.During thc expcrimcnt 0.0785 gm eq of silver was deipsited in the voltarneter praced in scrics.



After the electrolysis Z|'gmof anode solution contained 0.2553 gm of Ag NOr. Calculate the transport

number ofAg+ *dNot

After Electrolysis :

Weight of AgNO, solution = 25 gms

Weight ofAgNO, = 0.2553 gms

Weight of water = 25.000 - 0.2553

=24.7447 {n
Before Dlcctrolysis :

I gm of waler contain 0.0074 gm of AgNO.

24.7447 gms of water contain 0.0074 X24.7447 gm of AgNO,

=0.183! gm ofAgNO,

in conc around anode = 0.2553 - 0.1831

= 0.Q722 gm. of AgNO,

0.0722x108
t70

= 0.0459 gm.eq ofAg

Weight ofAg deposited in voltameter = 0.0785 gm.eq ofAg

Fall in conc around anode = 0.0785 - 0.0459

= 0.0325 grn.eqof Ag

Transport number ofAg* = 3##
= 0.4153

Transport number ofNO - = l- 0.41 53
,3

= 0.5847

Eiample: 5

An aqueous solution ofcopper sulphate was elecbolysed between copper electrodes. on the cathode
0.3 gm of copper was deposited. The solution in the anode comparfinent contained 1.43 gm of copper after
electrolysis and the same weight of water contained 1.214 gn of copper bbfore electrolysis. Calculate the
transport number of copper



Sol:

Weight of copper in the anodic compartnent aftcrelectrolysis

Weight ofcopper in the anodic compartment befor€ electrolysis

Inorcasc in concentration around anode

= 1.43 gms

= 1.214 gm

= 1.43 - 1.214

=0.216gm

= 0.300-0.216

=0.084 gm

around anode

Fall in concentration around anode due tg migration of copper ions

Transpott numberof copper ion t cur* at cathode

0.084= o-30-

= 0.28

3.4.4 Kohlrausch's law :

Kohlrausch studied the equivalent conductivities at infinite dilution for a number of pairs of strong

efcctrotytes,with common cation or anion and calculated the difference of )'ovalues for each pair. He

obtained a gonstant difforence in lovalues of an ion pair irrespective of the nature of the oJher ion.

Table f Equivalent @nducfyides rt hfinite dilution L (in

obm-t cm2 at 25'C of sourc prirs of dochdytcs havlng a common ion,

Ehctrolyle L Dlfferuntr Ehcrotyte L Differcnoe

NaCl
NaBr

KO
KBr

ucr
LiBr

N&O
NHrBr

tz6A5
128.51

t49.E6
r5r.92

u5.03
rr7.09

149.74
15l.Eo

2.M

2.M

NaCl
KCr

NaBr
KBr

NaOIf
KOH

NaNq
KNOI

Lffi

2.6

t26.45 2t.41
149.86

t28.sl

248,t I
271.52

l2r.s5
t44.96

23tl

23.41

23.41



When the blomide is replaced bythe chloride, a constant difference of 2.06 is produced in the value

of the conductrvity at infinite dilution. In a similar manner, the replacement of potassium by. Sodium causes

a difference of 23.41 when the anion remains the same. Each ion makees a certain definite contribution to
the totat equivalent condu,ctivity ofan electrolyte at infinite dilution, irrespective ofthe nature of the other ion

ofthe electrolyte. This individual contribution of an ion towards the total equivalent conductance is called as

ionic conductance ofthat ion. Kohlrausch, in 1875 put forward a generalization, known as Kohlrausch's law

of independent migration of ions, stated follows :

'The equivalent conductance of an electrolye at infinite dilution is the sum of two values, one

depending upon the cation andthe other upon the anion ".

Mathematically

Ia = ),"+ 7o

Where 1,o and 1" aretheequivalent conductances or ionic conductances of the anion and cation

respectivcly.

The ionic conductance of an ion is fixed at a given temperature. The ionic mobility of an ion is
defined as its absolute velocity under a potential gradient of one volt per cm. Ionic conductance is directly
proportional to the ionic mobility ofthe ion.

7"a Uc

1'' -KUc

),o A lJa '

).o = KlJa

Where ),o and i,'" areionic conductances and Ua and Uc are the ionic mobilities of anion and

cation. K is proportionality constant and its value is equal to 96500 coulornbs or one Faraday of electricity.

Ionic conductance
.'. lonrc moDrlrry = g650d-

Relation between ionic conductance and transport number :

1'" = KlJc

)'o = KUa

^c 
KUc Uc

T=q=q
ln Un

t*t=V|+r



),"+ ),^ 
= 

U.* Uu
)'a ua

Taking reciprocal of both sides

}a=uu
J1+4 U"+ Uu

,*^.-- uu 
-ia - U"+ U"

Where la = 1'r+ I'o

)"a

Q=t
la .= ),o Xt,
1,, = AoXt

['#fo-'")

Ionic conductance of an ion: Equivalent conductance at infinite dilution of a strong electroll re
containingthat ion X Transport numberof that ion.

3.4.5 Applications of Kohlrausch's law :( conductivity measunements )
l) Cafculation of equivalent conductance at the infinite dilution (ldfor weak electrolytes :

The valuc of la a weak electrolyte can not be determined experimentally since these electrolytes

do not ionisc completely eve.n at great dilution. In such case, Xocan be calculated using Kohlrausch's law.

Knowing the equivalent conductivities at infinite dilution for the strong electrol!'tes CH3COCK :

KCI and . ?land by applying Kohlrausch's law

Method - I
usingacetic acid as an exanple, at infinite dilution.

,a(CH3COOH)= 1 *4H*)
(CH3COO) \ /

2, of CHTCOOH can be calculated.

IaGHSCOOK;=1 _ +A(6+)
(CHrCoO) \ /

laKct, = 

1(.r)*r(**)

-(i)

- (ii)

- ( iii)



,o(-Hcr)='["i] *'(r*) 
_(iv)

t-'J
Subtracting ( iii ) from the sum of ( ii ) and ( iv ) we get

7 .7t \ 7 
( )

'rcn:coor*1*.).'(t.) 
* 

^( 
"il 

- 

l'(* 
* 

) 
.^ 

( r,l l 

='1 crncoo,.{"*)
(.--J \ r- ))

.Or

1a(CH3COOK ) * r.o(ftgl ) - L.,(KC|) = La(CH3COOH )

Method - 2

Examplo - Acetic acid
According to Kohlrausch's law

ta(cH3cooH)=)" 
aaii.*r("*) Ll 6(cH3coo) \ /

By knowing the ionic conductances of CH3COO and H* ions. We can determi ne the ),qfor
CHTCOOH by adding these values.

l" +1r,-,\=Aa(CH3COOH)
lHf I(cH3coo) \ /

Ionic conductances of H* and CH3COO ions can be calculated by using transport numbers of

these ions and ),q of any strong electrolyte that contains these ions.

Using HCI

'("*): 
tH*' Lq(Hct)

Using C{COONa

). =t x Z(cu3cooNa)
( cHrcoo) cHrcoO

2) Calculation of ionic mobility or absolute velocity of lons :

Knowing the value of ionic conductance using Kohlrausch's law ionic mobility cah be calculated.

'\ -,' 96500
3) Calcutatin of degree of dissociation and dissociation constantof a weak electrolyte :

. r Ionic conductance (A')Ionicmobility(U)= ffi



Examples : CFICOOH; NH.OH etc.
The degree of dissociation of a weak electrolyte at dilution V can be calculated by dividing the

equivalent conductiviry of the'electrolyte at any given dilution , XVby the equivalent conductivity of the

elecrolyte at infinite dilution.

o=1uLa

Theratioofequivalentconductanceatanydilution OV)tothatatinfinitedilution (lo)iscalled
conductance ratio. In case of strong electrolytes the value of conductance ratio is close to unity at any
concentration but for weak electrolyes, this ratio'is very small and hence it is a quantity called degree of
dissociation. The degree of dissociation is the fraction of molecules dissociated out of unit concentration of
the electrolyte.

CH3COOH -.n3Coo+H*
Initialconc.

Equilibrium conc.

When C moles aretaken initiallv

I

l-d.
( t- a)c

0

q

AC

0

a
dc

[."...oo;l|-".l
Dissociation constantKaofacid Ka = # =W

Ka of uni univalent acid = * where o = 1'lt'd) ^a
4) Determination ofsolubility product of a sparingly soluble san , , ,

Salt like AgCl ; BaSOo ; PbSQ etc. are ordinary considered as insoluble in water but they do posses

a definite value of solubility. Hence, these salts are called as sparingly soluble salts. The solubility of such

salts can be determined using Kohlrausch's law and conductiVity measurements. Specific conductivity of
the saturated solution of sparingly soluble salt, for example, AgCl is determined as follows -

K ( forAgCl ) = K ( for saturated solution of

( AgCl in r!O) - K ( for HrO)

Equivalentconductivityofthis saltatthisdilution = XV(forAgCl) =K ( forAgCl) X V

Where'V' is the volume in C.C Containing I gm equivalent of the salt.



Since the solution is very dilute, 2y, catculated may be considered as equal to tra i.e. equivalent

conductivity at infi nite dilution.

AV=KxV=la

).
Y= Q'K

The value s1 )'rclrn be calculated using Kohlransch's law

)'o{leCl) = I u.'1+ I u,t'1

V mt of solution contain t gm equi of( t43.5gms) ofAgCl

tooomtofsot '' 143'5'x 
toooution contain = -:fr X 1000

solubi t ity of the sparingly sotuble salt, Agcl : %l@ *r t-'

3.4.6 Problems :

Errmple: I

The equivalent conductances at infinite dilution of sodium acetate, hydrochloric acid ancl sodium
chloride at 25oc are 91.0 ;426.16 and 126.45 ohm'cm2 equiv'r respectively. Calcutate the equivatent
conductance at infinite dilution for acetic acid. ,

Solution:

i) 
^a(cglcoox)= 21CH3COO) + 16't

ii) 2o,.*.,.* 
xut= I (CH3COO)+ 2rn"'r= 9l'0 ohm- cmr eguivl

ii} 2au.c'= 1rc,t* 1rr.,= 426.16 ohm'cmr equiv-r

iii) raN"cr) = )"crtt 21x,.)= 426.l6ohm'cm2equiv'l

By adding equations ( ii) and (iii) and subtracting equation (iv) from it

2 lcH3COO)+ 2o.'r* 2,r',r lro',' ( 1,*j+ 1,o)= 2 1CH3CO6y 
+ X,i,

'o,.rra**" r' 
Aor*rrr' lorn*t = Lo(c'rcoo*)

91.0 + 426.16 - 1236.45: 390.71



16r"'r"*',

Eremple 2 :

The equivalent conductivities at infinite dilution for HCI and CHTCOONa are 3g3.5 and 7g.4
respectively. If the transport numbers of hydrogen and acetate ions are 0.841 and 0.46 respectivety- calcutate
the ionic conductances of the acetate and hydrogen ions as well as the eguivalent condu"iiuity oiacetic acid
at infinite dilution.

Solution:

lq,rft = Larrr,rxt^*

= 383.5 X 0.841

=322.52mhos

2 lcH3Coo)= 'o,.rr.**"r x tlcH3cooy

= 383.5 X 0.841

=322.52mhos

Equivalent conductivity of acetic acid at infinite dilution , 2a =

), - an^4lorrcoort = 1(CH3COO)* A^*

= 36.06 + 3zz.5z

= 358.58 ohm'cm: equiv't

'Ennplc : 3

The molecular conductivity at infinite dilution of KCI is I 30. I ohm- cm2 equivt. The transport number
ofchloride ions is 0.505 at 25"c. Calculate the ionic mobitities of potassiurn and chloride ions.

Solution :

Since equivalent and molecular weights of KCt are sarne ; the'eqpivalent and molecular conductivites
arp also same.

-390.71ohm'cm2 equivl

Ionic conductance ofchloride ion

)' crt = 2o'*""*t.'

= l3o.t x 0.505

= 67.7005



Ionic conductanse of potassium ion

I 6*t

=64.3995

Ionic mobility of K* ion =

uK*=H
64.3995

= -016500-

= 0.000667.t r""'i

ttucr'- 
96_t6o

67 .7 005
= 96500
= 0.000681 cm sec-l

Errmple: 4

Absolute velocity of silver ions is 5.7 X l0'' cm sec'r and that of nitrate ions is 6.3 X lO4 cm sec'
I at 18"c. Calculate the equivalent conductivity of silver nitrate at infinite dilution.

Sol:

Ionic mobility or absolute vetocity of silver ions = 5.7 X l0{ cm sec'l

Ltg*u^r* = gfoO

lonic conductance of silver ions 2 *.
J" B* = U^f X 96500

= 5.7 X l0{X 96500

= 55.005 ohm't

Ionic mobility of nitrateions = 6.3 X l0{ cm sec'r

= AorrcttXtx*

= 130.1 X 0.495

( k.= l-0.505 = 0.495 )

u no'
?

= 5ri'96500



Ionic corductance of silver io4q /^,+

I No-
3

)"
@ (AgNor)

= UNO- X96500

3

= 6.3 X l04X 96500

= 60.795 ohm-'

According to Kohlrausch,s law

- Jsf * 2No-
3

=55.005 +60.79s

= | 15.8 ohm'cm2 equiv-'

Example: 5

The equivalent conductance at l Soc of a normal solution of KCI is 98.2 and for infinite ditution at
the same temperature is l3 l. Calculate the degree of ionisation of KCI at this dilution.

Sol:

A, wrrt = 98.2 ohm- cm2 equiv-l

I =l2l^h- ^*t^^..a $ct) = l3lohm- cm2 equivr 
!

=+
_ 98.2

l3l
=0.75

Eremple: 6

. - -At2s-oc.the 
equivalent conductance of0.lN benzoic acid is 8.9ohm- cm2 equiv-rthe ionic conductances

at infinite dilution of the hydrogen ion and bcnzoate ion are 349.8 and 32.3ohm-rcalcutate the degree of
dissociation of bcnzoic acid.

Sol:

)"^- = I - L,cY(c6rr5cooH) 
_^ {c6u5coo) - LH*

= 32.3 + 349.8

= 382.1 ohm' cm2 equiv'l

l" -ao^L-.^-2^-..:--r'"a tcrurcooat = 8'9 ohm'cm2 equirrr

. Degnee of dissociation of benzoic acid ; a



).y
(CeHsCoo)

v = --a--
Aa

(c6H5coo)

8.9:3E l
=0.023

3.4.7 Conductometric titrations :

Conductometric titrations are those in which the end point of acid - alkali reactions, some displacement

reactions and precipitation reactions is detected using conductivity measurements' Conductometric titrations

are based on the fact that ttre conductance of a solution at a constant temperature depends upon the numbor

and rnobility of ions Present.

The titrant is added from a burette into a known volume of the solutiotr to be titrated, taken in e

conductivity cell and the conductivity readings are noted after the addition of cerlain amount of the titrent

each tirne. ihese conductivity readings are then plotted against the volume of titrant added. Two linerr

curves are obtained which intersect at one point, known as tlre end point.

Errmplcs : '

t) Titrrtion of a strong acid with s strcng base '

Exampte:(HL-l +NaOH

NaOH solution ( alkali) is taken int he burette.20ml ofhydrochloric acid solution taken in a conductivrty

ccll is phccd in a thermostat and the conductance of the solution which is due to H* and Cl- ions is noted.

Tho *id contains the fastest moving H*ions hence the conductivity value is very high initially. I ml ofNaOH

solution is added at a time to the acid solution and after the aCdition of each ml, the conductans€ of thc

solution is measured.

H- + Cf * Nat + OH- + Na* + Cl'+ H2O

The addition ofNaOH solution to the HCI solution. some of H' ion are replaced by slow movingNr*

ions due to which the conductance of this solution decleases and it is lesser than that of pure HCI-

When all the H* ions are replaced by Na* ions i.e. wlren the end point is reached, further addition of
NaOH intnoduces the OH- ions which are fast nroving among tlre ions present in the solution ( Na* + Cf 3Fd

Otf) After the end point, the further addition of NaOH solltion results in increase of conductance valuQs.

Na'+ Cl'+ Hp + Na* + OH-

Whcrr the conductance values are plotted against the volume alkali added the points will bc on two

sty1i61 lines AB and BC. The point of intersection 'Bt of the two lines gives the end point.



to(t
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Vol. of .NaOH add€d 
-->Conductometric titration

of a strong acid against a strrong'
basc.

2) Titretion of a weak acid ageinst a strong alkali ( Example , cH, cooH ; NaoH )

ri rra jion :lltlljlT:i5 lg"i h.* r,,
stronq base.

When acetic acid is titnatod agrinst sodium hydroxide, the,inital conductance of the solution is lorv

duc to the poor dissochtion of acctic acid. On adding NaOH, highly ionised sodium acetate is formed.,

CIl COOH + Na- + OH' -+ CH3COO+ Na* + H;O

t
o(.,
Ga(,
=!t
G
6

Vof. of NaOH added (ml)



Th€ acetate ions at first tend to suppress the ionisation of acetic acid still further due to common ion

effect but some time after, the conductivity begins to increase because the conducting power of highly

ionised salt exceeds that of the weak acid.

After the end point, furthei'addition of NaOH increases the conductance sharply because further

addition ofNaOH introducqs the fast moving oH- ions. 'B'the point of intersection of the two curves, gives

the end point.

3) Titration of a strong acid against a weak base : ( Ex : HCI + NH|OH )

The conductance of HCI solution is initially high. When NH4OH is added to HCI solution, the

Cn*clttgtometric
titration of a strong acid egainst a

rr,esk base

conductance of the solution decreases due to the replacement of fast moving H* ions by the slow moving

NHotons. Afterthe end point has reached the addition ofNHoOH will not cause any appreciable change ir,

conductance value because it is a weak electrolyte.

H* + Cr + NH4OH .+ NHo* a Qf + HrO

4) Titratiori of a weak acid againsi r weak base : ( Ex : CqcooH + NH.OH )

Conductometric method is suitable for such titrations because they do not give a sharp end point

with indicators. The initial conductance of CHTCOOH solution is low due to its pgor dissociation' The

conductance starts increasing on the addition ofNuooH which is due to the formation ammonium salt.

Aiter the end point which is sharp, the conductance remains almost constant because the free base NHpFI

is a weak electrolYte.

t
rD(Jca!(}:;EcI

Vol. of Hl.lc(}H addad {'ml}
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Conductometric
tiration of a wcak acid against

weak base.

5) Titntion involving precipitetion neactions : ( Ex t AgNQ + KCI )

Ag+NO:+K*+Cl' + AgCl+K-+ NO:33
Sinccthemobilityofpotassium and silverions is nearlysimilar, replacement ofAg'ion by K- ion will

not effectthc conductance of the solution. Hence the conductatnce value will remain as almost constant till
the end point is. reached. After the end point, there is a sharp increase in conductance because the addition
of KCI inhoduces the free K* and Cf ioirs.

Conductometric titration
ofAgNO3 solution

against KCI solution

t
(t}()
G(s
t5tr
6(J

Vol. of NH.OH added (rn$

Vol of KGI adcled (rnl)

a



The curves are different when NaCl is used in place of KCl. Which is due to the difference in the
ionic mobility ofNa" and K* ions. The ionic mobility ofNa* ions is less than Ag" ions, addition ofNaCl to
A4O, solution will replace the fast moving Ag+ by the slow moving Na* ions. Hence the. conductance goes
on decreases till all the Ag. ions are replaced by Na* ions. After the end point the conductance ualue
increases because of the introduction of free Na* and Cl- ions by the further addition of NaCl.

(]onductom€tric
fitration of AgNOr solution

against NaCl solurion.

Advamtages of conductometric titrations. :

I . The method is very useftil for the titration of weak acids against weak bases which do not give a
sharp colour change with indicators.

2.The method is.useful in case of titration of coloured solutions where no indicator can work
properly.

3.4.8 Theories of Ionisation :

l) Arrhenius theory of electrolytic dissociation :

In order to explain the behaviour ofelectrolytes, Anhenius in I 887 put forward his theory ofelecrolyic
dissociation . The main postulates of the theory are -

D The molecules of an electrolyte in aqueous solution undergo dissociation spontaneousty to form
positive and negative ions.

NaOH*Na*+OH-

KCI -+ K* + Cl-

t
$
fi
E I Equivalence

Volof NSf dad {rntt

rl



The degree of dissociation ( The fraction of the total amount of eleetrolyto whhhdi*sociates)
increases with dilution and at infinite dilution it approaches unity. 

, 
". - .

. iir) At moderate concentration, exists an equilibrium between the ions and undissosiqtcd rnolecules.

NaOH 3 Na*+OH'

BaCl, =' Ba2* + ZCl'

According to Arrhenius. electrol5rtes are of two types namety strong electrolyte,s a1d wq{sfqqtrotytes.
At moderation concentration, the degree of dissociation is high in case of strong eleetrolyt€t s$ife it is very

low in case of weak electrolytes i

iv) Each ion formed produces the same effect on osmotic pressure and othercolligativop,roperties.
Each ion behaves osmotically as a molecule.

Limitations of Arrhenius theory :

AB t' A*+B'

Initial conc. C

Equifibriurnconc.(molesperlitre) C( l- d)

l) According toArrhenius, electrolytes remain unionised in the solid state and rtndetgo iJnisation

only when clissolved in water. But X - ray studies have shown that electrolytesare in ionised

form in the solid state. , , 
.''.

2) Arrhenius could not explain the function of water. Str;ng electrolytes re.gff*ort*lctors of
electricity even in molten state. _...:,.:l

,, i 1.: ;11ii;i iihr{scltF,} 3r"',',::

3) Arrhenius theory assumes that ionic mobilities do not vary witlr concenffation offf$ which
is found to be incorreot.

4\ It is utter failure when applied to shong electroly{es. : , . .: ., , , .,., ...
:

5) The ostrvalds dilution law which is based on Arhenius theory fails complotoly *&ln,applied to
strong electrolytes.

6) The degree of dissociation (c) of strong electrolye's calcutated from condu'ctancc tncourernents

wasfoundtobedifferentfromthatca|culatedfromco||igativepioperties'

3.4.9 Ostwald's dilution law :
r'l :r " '

Arrhenius theory of electrolyic dissociation assumes a dynamic equilibrium between"theions and

the undissociated molecules.

AB i=i A* + B-

Ostwald, applied the law of chemicalequilibrium to such systems...:
Consider an electrolytes AB 'C' moles of AB is dissolved in per litre of an aqueouo solution rnd let

a be its degree of dissociation.

0

Ca



According to the law of mass actioq the equilibrium constant of the above reaction -

*=ffi
csz

K= (iI) moles litr€ -l

Ifone gram mote of an etectrolytc be dissolved in V' titres of the solution, then

Ic= v
Where V' is known as the dilution for the solution and the above expression becomes

n2r(=(ffi)v

Thgabove madrematicat cxprcssion rcprcsontingthe variation ofdegree ofdissociation with dilution
is known ts Gwaldb dilution law. Thc oquilibrium constant, K is called as dissociation constant or ionisation
ooru$rnt Of tlre clcctrolyte.

Urcc of Ortweldfs dilution ]rw :

t It is useful in the calculation ofdissociation constants of weak electrotytes, by determining the

dtigree of dissociation from conductance measurements (+ ) at any concentration'u
il) Knowing the value of K whiclr is constant for a particular weak acid or weak base at a given

temperatune the dcgrcc of dissociation of that weak acid and weak base can be catculaied at
any concentr4tion.

D Used in the determinations ofdegree of hydrclysis of a salt.

|Jmlrarr.,-; ..f fl$",.aldts dilution law:

l) The value of K comes,-.
dilute.

'trrrt only for weak electrolytes when the solutions are very

2) The value of K does not bccome constant for strong electrolytes.

So, Ostwald's dilution law is valid only for weak electrolytes i., dilute solutions and it does not hold
good for strong electnolytes.

3.4.10 Debyc - Huckel - onsagarts equation for strong electrolytes :
"a1

According to Arrhenius, the degree of dissociation increases with dilution which is true in canl oi'
weak electrolytes. But the increase in conductance of strong electrolyes with dilution depends onbome

rl



other factors. In 1923, Debye and Huckel and in | 926 Onsaglr put fonvard the theory of strong electrolytes
and the salient fcatures of the theory are given below -

D Stnong clcctnolytes are completely ionisedat all dilutions.

D Every ion is surrounded by oppositely charged ions known as ionic atmosphere in a spherically
symmctrical manner. These ions are continuously replaced by other similar ions prcsent in the

solutftxt.

ii) Under the influence of electric field the central ion and ionic atmosphere move in opposite
dircction. Thus the ionic atmosphere effec6 the speed of the central ion in an electric field.

iv) The increase in conductance on dilution is due to increase in the mobility of ions but not due to
increasc in the number of ions. Elecrical force and viscous drag are responsible for the mobility
of ions.

Iv
v) fi "only 

a ration but not c degree of dissociation.

According to Debye - Huckel theory the speed of an ion in electrical field is slowed down or
decreased by the electrical attraction between the oppositely charged ions. Such effects are known as

interionic effects and out of which, relaxation effect or asymmetry effect and electrophoretic effect are

very important.

Relaration or asymmetry effect :

Each ion in a solution is sunounded by ionic atmosphere. The central positively charged ion is
surrounded by an atmo.sphere of negatively charged ions and vice versa when no electric field is applied the
ionic aunosphenr remaihs rymmetrical around the central ion. The force ofattraction ofthe ionic atmosphere

is uniform in alt directions on tlic'central ion and hence will be cancelled. But when an electric field is
applied, the central ion and ionic atmospher€ move in opposirc direction i.e. the cations move toward cathode

while the anions move toward anode. The ionic sphere about the central ion becomes asymmetric. Now
there is a large negative charge behind the cation than in front of it which results in a net attractive force in

the back ward direction. Because of it, the cation expcriences a retarding force which tends to drag it
backward. In turn the movement of the ion is slowed down. In the same way, it happens when anion is
surrounded by cationic atmosphere.

oo
o

e
o
o
o

a
o
o

o
o

(o)

^l



(a) Symmetrical ionic atmosphere in absence of an electric field.

(b) Asymmetric ionic atomosphere in presence of an electric field.

The.slowing down of the speed of the ions is due to asymmetry of the ionic atmosphere and hence
the effect is known as asymmetric effect.

A similar ionic atmosphere is rebuilt around the central ion, when it is moving out of the ionic
atmosphere. Destruction of the old ionicatmosphere and the formation of the new ionic atmosphere, both of
them takes some time known as relaxation time duringwhich the otd ionic atmosphere pulls the moving ion
back ward and hence retards the motion. Hence the asymmetric effect is also called as relaxation effect.

Electrophoretic effect. :

SOLVENT
i-T;-=-.

.::(_) .7\:EF \"/ 19
--_-.,-\:-:t-,.---- v z I€^ l-Tr-+

{i===J- 
-\ 

\-/--_- \,/

€:Q.O-5
Movemgnt of central

ion in a dircctron opposite to that
of the ionic armosphere and the

The assosiation of solvent molecules as water of hydration with the ionic atmosphere is another
factor which tends to retard the movement of an ion in solution. When EMF is applied iqnic atmosphere
along with solvent molecules associated with it move in opposite direction to the central ion and 

""ur", "retarding force on the movement of the central ion. This relarding effect is equal to the viscous resistance of
the solvent on the central ion. By analory to the resistance acting on the movement of a colloidal particle
under the influence of electric field, this effect is called as electrophoretic effect.

When an electrotyte solution is diluted, the number of ions per unit votume decreases and the ions
will be at largerdistance and hence the influence ofthe asymmetric and electrophoretic effects on the speed
of ions will be less and hence the ions will move very fast. Hence the equivalent conductance of the solution
increases. On further dilution a stage will be reached i.e. the oppositely charged ions*are at a greater
distance and hence the solution exhibits maximum equivalent conductance which is known as equivalent
conductance at infinite dilution. Thus the increase in equivalent conductance of a strong etectrolyte on
dilution is due to an increase in the speed of the ions but not due to an increase in the degree of ionisation.

Considering the inter ionic effects Debye and Huckel derived a mathematical expression for the
variation ofequivalent conductance with concentration. The equation was further improved by Onsagerand
hence the equation is known $ Debye - Huckel - Onsager equation or onsager equation. For a particular
solvent, at a given temperature the equiriions for a uni - univalent electrolyte is as given below.

ll



tv=b-(t*n4)J-c
Where

C = Concentration in gram eqr;ivalents per litre

A = Constant represent electrophoretic effect

B = Constant represent asymmctric effect 
' '

The values of A and B depend ol the temperature and nature of the solvent,

82.4"=;m

Where

D = Dielectric constant

? = Viscosity of the medium

T = Temperature on absolute scale.

As the ooncenffation decreases, the magnitu.le of'(l + A4)J-C tdrm decreases and hence the

equivalent conductance 2y increascs. Further, *lr'"o .onrontration approachis 7*ro, th:esolution is at

infinite dilution and hence the equivalent conductance becomes equalto 1o .

Onsager equation can be tested in two ways. (l) The Plot of 2y versusthe the square root of the

concentration (JC ) should be linear. The slope of the line should. be equal to A+ Bra, calculated by

substituting the values of various constants directly. But in some cases 2y versus .f; curves are straight

times, but the on sagers slope is not equal to the slope obtained experimentalty.
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3.4.11 Model Questions :

l) What do you understand by the term transport number ? How is the transport nur,
determ ined experi mental ly.

2) Define transport number. How is transport number of an ionrelated to

i) speed of the ion and

ii) Ionic conductance of an ion.

Dsfine Kohlransch's law of indopcndont rnigntion of ions and discuss its applications.

How does Kohlransch's law help in delermining the equivalpnt mnductivity of a week electnolye
like acetic acid at

Write a short note on applications ofconductivity measurements.

What are gonductometric titrations ? Write an aocount of acid base conductometric titrations.

What is the principle underlyingconductomcfic titrations ? During conductometric titratior rjf
a strong acid against.ctrongbfre, the egodustivitydcereases upto the neutralisation point'and
then increascs sharply. Explain why this heppene ?

8) Deduce an equation forOsnrald's dilution law and discuss its uses and limitations.

9) E:rplain the terms rclaxation effect and electrophoretic effect.

l0) Discuss the Debye - Huckel theory of strong electrotytes. Give Onsagar equation



Numerical Problerns :

| ) A solution bfAgNO, is electrolysed benrscryoilracr electrsdes. 50 gms of anodic solution before
andafterelectrolysiscontain 0.0901 gm and 0.l56l.ga1gfAgNO, respectivety. If 0.0192gm of
silver is deposited in the silvorcoulodietcrconnectdd iiiberiis, caiculate the iiansport numbers

ofAg. and lS- ions.
aJ

( Ans I t 
^r* 

= 0.473 :,*o; = O.SZ7 )

2) In a Hittorf experiment involving CuSO4 electrolysis betw'een copper electrodes. 0. l 836 gm of
oopper was deposited at the anode. The electrolyte in the anodic compartment before and after
eletrolysis contain 0,948 gm and 0.98? gm of copper respectively. Catcutate the transport
number of copper and sulphate ions.

( Ans : t .,t* = 0.212 ; tsg '' = 0.788 )
4

3) Asofution ofAgNO, havingthecomposition 0.2096gm ofAgNO rinl5.5238gms ofwarerrvas
electrolysed between silver electrodes. The currcnt passed depoiited 0.0007t9 gm equivalent
of silven After electrolysis the anodic solution wai found to have 0.2877 gniof AgNO., in

25.5238 gms of water. Calculate tlre transport numbers ofAg- and IriO- ions.

( Ans : t on* = 0.424; r*o; = 0.576)

The speed ratio ofthe silverand nitrate ions in a solution ofAgNO, electrotysed between silver
electrodes is 0.9 | 6. Calculate the transport number of the two ions.

(Ans : tNo. = 0.521:t or* = 0.479)

A solution of sitver nitrate having the composition 28.435gms of HrO , O.Onn gm ofAgNO, was
efectrolysed using silver electrodes. The current passed deposited 0 .00792 gm. Equivalent of
silver. At the end ofelectrotysis the solution around the anodi was found to have the composition
28.435 gms of HrO; o.2874 gm of AgNQ .Calculate the transport number of nitrate ion. i

( Ans : 0.850
Calculate the equivalent conductivity at infinite dilution for ammonium hydroxide, given that rlre
equivafentconductivities at infinite dilution for Ba (OH), ; BaCl" and NHoCI are2Z8.B; 120.3
and 129.8 ohm' cm2 equiv'r respectively.

( Ans : 238.3 ohrn'cm2 equiv-r )

The eq.uivalent conductivity of 0.05N solution of propionic acid at 25"c is 6.32ohm'cm: equiv't
and the value increases to 385.6 ohm'cm2 equiv'r at infinite dilution. Calculate the degree of
dissociation of the acid at that temperature.

( Ans : 0.0164)

4)

5)

6)

7)



At I 8oc the equivalent conductivities at infinite dilution ofNI{.Cl ; NaOH and NHICI are 129.8;

217.4 mdl0E.9 ohm'cm2 equivrnspcctively ifthe equivalent conductivity of ffi solution of

NHpH is 9.33 ohm'cm2.equirrr Calculate the degree of dissociation ofNHrOH.ns 
: 0.039 )

9) The ionic conductance at infinite dilution of silver ions is6l.92ohm'' at 25"c. Calculate the ionic

mobility of silver ions at 25oc.
( Ans :6.416 x l0{ cm sec-' )

V.Mangathayaru

Retd. H.O.D.

Department of Chemistry

J. M. J. College For Women,

Tenali, Guntur- (Dt).



UNIT - III
LESSON - V

EI ECTROCIIBMISTRY - ilI
3.5.1 An electrochemical iell is an arrangement of two eiectrodes and an electrolyte, used for producing
an electric current due to chemical reaction in the cell or for producing chemical reaction due to passage of
electricity. Electrochemical cells are of two types namely Galvanic or Voltaic cells and Electrolytic cells.
€lectrolyic cells are those in which electrical enerry is used in bringing about a chemical reaction.

Eg : electrolysis or aqueous solution of hydrochloric acid into hydrogen and chlorine. Galvanic or
Voltaic cells are those in which chemical energy is converted into electrical energy i.e electrical energy is
produced by any physical or chemical process within the cell. The clremical reactions taking place at the
electrodes of the electro chemical cells are oxidation and reduction

Electronic concept of oxidation - reduction reactions :

Oxidation is a process which involves the loss of electrons by a substance where as reduction
involves gain of electrons by a substance. The substancethat loses electrons is said to be oxidized while the
substance that gains the electrons is said to be reduced. The two reactiorrs oxidation and reduction always
take place simu ltaneously.

Electrode reactions :

When ever two elecffodes of a galvanic cell are connected by a conducting wire, certain chernical
reaction take place in the cell. Such reactions which involve transfer of electrons from or to the electrode,
are called as electrode reactions. At one elecffode, the electrode material goes into ther solution as positive
ions leaving the electrode with a net negative charge or as negative ions leaving a net positive charge on the
elcctrode. The excess electrons are continuously taken up by the other electrode. This flow of electrons
results into oxidation at one electrode called anode and reduction at the other electrode called cathode. The
combination ofeleqtrode and the solution in which it is immersed, called Half Cell .

Oxidation - Reduction in electrochemicil cells :Example : Reaction of zinc and copper sulphate
' 
Take copper rod dipped in a dilute solution of copper sulphate in one beaker and zinc rod dipped in

a dilute solution of zinc sulphate in another beaker and the two electrodes are ionnected ( metal rods ) to an
ammeter through a variable resistance. Then connect tlre two solution with each other through a glass tube
containing potassium sulphate solution known as salt bridge. The current starts flowilrg as indicated by the
reading on the amm€ter and then the following reaction takes place.

Znrrr*Cuz* -+ Zn2* + guo

The reaction stops and no current flows when the metal rods are disconnected or the salt bridge is
taken out.

The flow ofcurrent is due to flow of electrons, which is from zinc to copper rod. After the completion
of the reaction it is found that'there is loss in weight of zinc rod arrd gain in weight of copper rod.

The loss in weight of zinc rod is due to release of zinc into sotution as zinc ions.

Znr", ->Zn2* + 2e-



The reaction is called as oxidation half reaction.

' 
The gain in weight of copper rod is due to the deposition of copper ions in the form of metal on the

copper rod.

Cu2'+ 2e' +Cu

This reaction is known as reduction half reaction.

The over all redox reaction taking place in the cell is obtained by adding the two half reactions.

Znur* Cu2* + Znl* * Currr

Hence. an electro chemical cetl is a device in which oxidation reduction or redox reaction take ptace

indirectly and the decrease in potential energy of the reactants appears in the form of electrical energy. The
voltage or potential difference between the two electrodesofan electrochemical cell is known as electromotive

force; EMF of the cell. 
.

3.5.2 Reversible and irreversible cells :

lrreversible celts are those in which the electrode reactions take place even when no current is
drawn from it. Example : The cell consisting of zinc and copper electrodes immersed irr dilute H,SO.. Zinc
reacts with dilute H.SO. spontaneously even if no current is drawn from it.

Reversible cells are those celts in which there is no reaction until the electrodes arejoined together
by a conductor and current is drawn from it. The conditions for the thermodynamic reversibility are -

D The driving and opposing forces be only infinitesimally different from each other.

iD tt should be possible to reverse any change taking place by apptying a force infinitesimally
greater than the force acting. How ever, a reversible cell must satisfo the following conditions -
l) lf ari external EMF equal to that of the cell is applied in opposite direction, no current is

given out by the cell and no chemical reaction takes place in the cell

2) If the opposing EMF is infinitesimally smallercurrent is given out by the cell and chemical
reaction takes place to a small extent in the cell.

3) lf the opposing EMF is infinitesimally greater than tlrat of the cell, small current flows
through the cell in the opposite direction and a small amount of chemical reaction takes
place in reverse direction.

Example: DanielCell.



Zinc Rod Coppet Rod

ZnS04
Sdufion

The Daniel cell consists of a zinc electrode dipped in zinc sulphate solution and a copper rod dipped
in copper sulphate solution. The two sotutions are separated with the help of a porous diaplrragm. There is
no salt bridge but the ions of the two solutions can pass through thc porous portion.

3.5.3 Types of reversible electrodes :

Each reversible cell consists of trvo reversible electrodes. The reversible etectrodes are classified
into four types -
l) Metal - Metal ion electrodes :

This type of electrodes consist of a metal rod in contact with ions of its own.

Eg.:7.,inc rod dipped in ZnSoo solution or a copper rod dipped in Cu SQ solution. lf the nretal is
univalent, the electrode reaction may be represented as

M +M*+e-
tf the metal rod behaves as negative etectrode ( oxidation ). the concentration of metal ions (M") in
solution will increase. Whcn the metal rod behaves as positive slectrodes ( reduction) the concentratio'
of metal ions (M.) in solution will decrease. Thus the ilectrodes is.reversible with ."rp""t to M' ions.

In general if the valency of the rnetal is z,theequilibrium is represented as

M -r' Mz+ + Ze-

Danicl ccll



2) Gas electrodes :

I) Hydrogen electrod

Hydrogcn gas bubbling in a solution of an acid (HCl)

1M HCI

Pt foil

' The hYdrogen electorde

By bubbling hydrogen gason platinum foildipping in a solution containing H*, an elecuode reversible

to H. ions is obtained.

P : H .--AH'.r"'.2(I)r-

ii) Chlorine electrodes :

Inchloririeelectroie ; chlorine gas is bubbled into a solution of hydrochoric acid at a given pressure.

P,l Clr; Cl-

The oquilibrir.+m is represented as

VzClrr"r+e' gCl'

This:thctrodeis reversible with respect to clrloride ion.

iii) kygen electrode :

ln thiselectrode, oxygen gas is bubbled through a solution containing hydroxyl ions ( OH-) at a given

pSrc

Ou*;+;f,$rO1.2e. ;* 4oH-

Due to some side reactions oxygen electrodg does not behave as a true reversible electrode.



.3. Metal - metal salt ion electrodes':

Thiq type of electrode consist of a metal and a sparingly soluble salt of the same rnetal dipping in
a solution of a soluble salt having the same anion.

Example : Calomel electrode consists of mercury solid mercurous chloride and potassium
chloride solution.

Mercury of high degree of purity is piaced at the bottom of a glass tube.having a side tube on
each side. Mdrcury is covered by a paste of mercurous chloride. A saturated. normal or decinormal
potassium chloride solution is introduced through the side tube. A platirrum wire sealed into a glass tube
s€wes to make electrical contact of the electrode with the circuit.

If the electrode acts as anode, electrode reaction involves oxidation. liberate electrons and

refeases mercurous ions into sblution. These $g1* ) ions combine with chloride ions given by KCl,

forming sparingly soluble HgClrwhich results in fall in concentration ofthe chloride ions in solution.

2Hg(l) r=r Hg 2* * r"-
z

^t1* 
*2ct- i=i H&ct,,,,

2Hg(l) +2Cl' 1*Hg,Cl,, ,* 2e'

On the other hand, if tlre electrode acts as cathode, the reaction involves reduction.

Platinum

Wire

Potassium
Chloride
Solution

Mercurous
Chloride
(Paste)

Mercury

Calomel clectrode



The ions given by Hg-Cl.would be discharged at the electrode. Hence more and more of 
-

calonrel ( mercurous Chloride j pusrer into solution which results in an increase in the concentration of
chloride ions.

)t
HgrCl.,,,+Hg'' +zcl-

)+Hg" *2"- 321-tg(l)
L

Hg.Cl.,,, + 2e- 
=+ 

2Hg(l) + 2Cl-

Hence the calomel electrode is reversible with respec; to chloride ions.

4) Oxidation - Reduction Electrodes :

The electrodes in which the pote.ntiat is developed from the presence of ior,s of the same

substance irr two different valency or oxidation states.

Such electrodes are set up by inserting an unattackable rnetal (eg:pt) in the solution. Thus when a
platinurn wire is insefted into a solution containing Fe2- and Fe3* ions, it is found that the wire acquires a
potential

Fer' ----r Fer+ + 2e-

Snr' r==: Snr- r- 2e-

3.5.4 Single electrode Potential :

Single electrode potential or the potential of any electrode or a half cell is the potential difference
between it and the electrolyte surrounding the electrode. The electrode poterrtial depends upon the nature
of the metal. concentration of the metallic ions in solution. The potential of an electrode can not be

determined experimentally but tlie potential difference between the two electrodes can be measured

accurately, By arbitrarily fixing potential of one electrode as zero it is possible to assign numerical values

to various other electrodes. So. the potential of a reversible hydrogen electrode in which the gas at one

atmospheric pressure is bubbled througlr a solution of hydrogen ions of unit activity has been fixed as

zero. This electrode is Lnown as standard hydrogen electrode( SHE ) or normal hydrogen electrode (
NHE ).

The standard etectrode potential of a metal may be defined as the potential differerrce in volts at

25"c developed in a cell consi ;ting of two electrodes, the normal hydrogen electrode and the other
electrode i.e. the pure metal irr contact witlr a molar solution of one of its ions.



Table : I Standard Reducrion Efectrode potenrials (E*) InVof {,-. ar ?5,.c ( Elecrrochemical Serie. j 
. ,

Electrode
Oridislag rgcot

(\l/eakest)
RGdncbS.3cnr

(Strongest)
Li*

K*

Ca**

N:r *

Mg**

Al'-*
Zn-*

Fe"t
Sn**

Pb*,

:Li

;K
;CA

Na

;AI

Zn

Fe

Mg*- + 2e -: Mg
:

Al "' '+ 3e ?* At
Zn" + 2e. :+ Zn

Fet*.+ 2cr :* Fe
Sn* + 2e r--+ Sn

Pb** + 2e :==: pb

2H' +2e 
- 

H2

Cu** + 2e r- Cu .

Ag*+ " r-* Ag

Clr + 2e ;* 2Ct-

Au *.* + 3e E-.L Art

F2 + 2e ir-- 2F-

Lizt + e

K2* *e
Ca"' + Ze

Na- + 2e
. ,i.,.r

-:: Li

=K
-Ca
r* Ca

-3.@5

-2.925

-2.866

-2.7t4

-2.363

-r.662

-t).763

-..o.44(.J

-o. t 36

{). t26

o.000

+o.34()

+o.800

-r- t ..16

+t.50

+2.87

I

I
t

H": ll,, pl

CtJ"": Cu

Ag':A
Cl : Ct,

Au"' : ilu

l:-; l.'.. Pr

(Weakcsr)

The electrode,Poflnti.at is given a positive sign, ifthe erectrode reactions invorves reduction whenconnected to the $tandard hydroge-n electrode and;;F;;iri'r, irrr,. erectrode r€action invorvesoxidation when connected to theltandarJ iyorogen erectrode.
Eg:

i) when copper electrode dipped in a solution of copper sulphate is connected *,ith the standardhydrogen electrode' reddciion takes place.at th; 
";;p;; erectrode and hence the porenriaf of. copper electrode is taken as positire E f C", , i:uiilfositive.

tlatf Cell Roduclloo ltrrcftcls



ElGctrodc rcactions are

N.H.E : H*,*2H*+ 2e ( Oxidation )

Coppcr clcctrode : Cu:'+2e' + Cu(.( Rodtlction )

ii) when zinc erectrode is cornccbd with trrc normar hydrogen ercctrode, oxidation occurs 8t the zinc

electrode.

Zinc electrode : 2n,., i- Zn2* + Zc(Oxidation )

Copper electrode : 2H*+ 2e' * H*,( Reduction )

Thepotentia|ofzince|ectrodeistakenasnegative.E(Zn.Zn},\isnegative.

3.5.5 Nernst equation - effect of electrolyte concentration on electrode potential:

The variation of erectrode potentiar widr concentration of metallic ions in sorution is given by Nernst

equation.

The reduction reaction for an electrode in general'

Md+ ne- + M

According to Nernst equation

E=E'- a+3l"rffi

Where

E: Electrode potential of the metal'

Eo= Standard electrode Potential

T = Temperature on Kelvin scale

R = Gas constant = 8.314 Joules per moles por degrcc rbr

n = Number of electrons invotved in the half cell reaction'

F = One FaradaY or96500 coulombs'

[Mn+] = ActiviU of the metal ions in solution'

[M] =Activity of metal taken as unity'

At2e8K' 2*-BI= o'o5e



E=E"_ 
qryro*Produ:,rl

n -" 
IReactants]

3.5-6 Electrochemicar series and its significance :

Arrangemcnt of metals in the increasing order of their standard reduction potentials is known aselectrochemicrl scrics' The same is the arrangement of metals when arranged in the order oftheir standardclcctrodc rodrrction Potcntials. The values ofixidation pot*tiul, are obtained just by changing the sign ofthe rcduction potcntiet valuc.

Trblc2t.t pge794

The lower the metal is in the series the greater is its tendency to be reduced. Thus the metals highup' in the series are strong reducing agents and iheir ion, u.e ,taure where as those near the bottom of thescries arp stable metals and their ions are easily reduced to the metals.

weakly electronegative metals in the upper part can displace more electronegative metals belowthem from their salts. Eg : Displacement coppeiof from copper sutphate by iron.

Any metal above'hydrogen will displace hydrogcn from a dilute acid sotution and hydrogen willrcduce the oxidized form ofany metal lying below it in tf," series.

Hydroxides of metals in the upper part ofthe series are strongly basic and their salts do not undergohydrolysis where as hydroxides of metals in the lo*", part oi,rr" ,"ri", are weakly basic and their saltsundergo hydrolysis' More weakly electronegative metals like K, Na. ca etc. displace hydrogen frorn rvater.

Applications of electrochemicat seriee :

l) calculate the standard EMF of a galvanic celt formed by combining any two half cells
and determine the cell reaction using the standard etectrode potentials.

2) Predicting spontaneity or feasibility ofthe cell reaction. lf the standard EMF of the cell ispositive, the cell reaction is spontaneous, i.e. feasible. For a reaction to be spontaneous,
the free enerry change must be negative.

3) The standard electrode potentials are used for determining free energy change and
equi librium constant ofa reaction.

4) with the help of standar-d electrode potentials, we can predict whether a given metalwould react with acid to liberate hydrogen or not.

35.7 Ccll potentials or E.M.F. from electrude potentirk :

Each cell is made up of trvo hatf cells namely the oxidation hatf cell acts as anode or negativecloctnode and reduction half cell acts as cathode or posiiive electrode. Duc to the difference in the clectrode



potentiars of the two harfceils, curr€nt flows from the erectrode at higher potentiar to the erectrode of rower

potentiar. rhe potenti;ilif#";of the Y9.h;li;J!'il::]1.-'^i1"::::fi''::::f'fl iJ'l"t#;i;
ffi:::'t iljffi;;tial. The ceil potentiai ir 

"*p**"0 
in volts and measured directlv with a Volta meter

cell potcntial or E.M.F. of the cell can be daermined from electrode potentials in the following rvay'

|)ce||potential(Ece||)=Reductionpotentialofcathode-Reductionpotentia|ofanode.

. Ecell = Ecathode- Eanode'

or E cell = Reduction potential of right hand electrode - Reduction potential of the left hand electrode'

Ecell=8.d,-E.,..
2) E cell = Oxidation potential of anode - oxidation potential of cathode'

Or E cell - E anode - E cathode

lf cell potential ( E cell ) is positive, tlre reaction is spontaneous. On the other hand' if the cell

potential is negAtive, the reaction witl occur but it will not take place sponaneously'

stenderd hl.dmgen elcctrcde or Normal hydrogen electrode :

It is a primary standard electrode. lt consists of a small platinum foil coated with platinurn black to

absorb hydrogpn grs. A platinum wire welded to the electrode and sealed through a glass tube makes

contsct with the other circuit-

The platinum foil is surrounded by an other glass tube which has an inlet for hydrogcn at the top and

a number of holes at the base for the escape of excess of gas. The electrodes is placed in lM hydrochloric

acid solution and then pure hydrogen gas is then passed into it at one atmosphcre pressure' A certain amount

of hydrogen gas is absorbeo uy ttre ptaiinised electrode while the remaining escapes throtrgh the lower holes'

When the hydrogen electrodes acts as anode, in the cetl, the following reaction i.e- oxidation takes

place. I

The hydrogcn clectotdc



H, i=i2H- +U, ;=i2H- + 2e-

Some hydrcgen gas changes into H' ions and goes into rhe sotution

tf thc electrode acts as cathode the following reaction i.e. reduction takes place.

2H' + 2s- i+ H.

S* lt- ions from the sotution changes into H. gas.

Thc hydrogen electrode is reversibte with respect to H' ions. The potential of the standard or normalhydrogen electrode is arbitrarity fixed as zero.

Refcrence electrodes : ,

since it is not atways easy to *:,rp. the normal hylrogen electrode which is used as primaryreference electrode because of the oifficutties in maintairringiie rcti"iry of H* ions gt unity and pressure of' 
lhe 8as uniformly at one atmosphere' some other electrod"r-kno*n as sccondsry reference electrodes havebeen employed.

Exrmpler :

i)calomer erectrcde ( Meter - metrr rett ior crectrcde ):
Calomel electlode consists of mercury, solid mercurous chtoride and proAssium ciloride solution.

Hqn; Uq 9lr,,,i KCI( solution)

Mcrcury of high degree of purity is placed at the bottom of a glass tube having a sidc tube cneach side' Mcrcuty is.coyered by 
" 

pa"t9 of mercurous chloride. A saturated, normal or decinormalpotassium chloride solution is introducod through the side ttrbe. A platinum wire seated into a gtass tubeserveslto make electrical contact of the electrode with the circuit.

Fotassium
Chbride
Solulim

Merqrrous
Cttotfde
(Fesb)

Md'rcury

o*ia*Ln, liberate electrcns and releases
2+

rn€rcurcus ions ( Hgi-) into solution. Thcse mercuroul ions combine with chloride ions given by KCl,
forming sparingty sotiUte HgrCtrwhich results in fall in @ncentration ofthe chloride ions.

Crlomel clcctrodc



2Hg(l) -' Hg2+* 2"'

)+Hgl' +2Cl' *H8.C1.,",
z

2Hg(l) + zcl' t' Hg,Cl,,,,+ 2e-

on the other hand when the electrode acts as cathode. the reaction involves reduction- the ions given by

HglCt"wouldbcdischargedattheelectrode'Hencet""::"11::*ofrnercurouschloride(calomel)
passes into solution which results in an increase in the concentration ofchloride ions'

)-v
Hg.clo,, -- Hg;' +Zcl'

)t
Hgl- +k 

=+2Hg(t)z
HgClo,,+ 2e- i+2Hg(l) + 2Cl-

Hence, the calomel electrode is reversible with respect to chloride ions'

The potential of the calomel electrcde depends upon the concentration of potassium chloride

sotution. Thi potential ofthc calomel clcctrode has been measut€d, by connecting it to a standard

hydrogen clcctrodc and the raduction potcntials obtained for the various concentrations at 25oc are

0.tN KCI solution

l.0N KCI solution

. Saturated KCI solution =+0.2422vo1t
I

ii) Silver - Silver chloride electrode :

This electrode consists of a silver wire coated with a layer of silver chloride which is inserted in the

solution of a chloride ( eg : KCI or HCI ) of unit activity'

Ag;AgCl(s);Cl-(a= l)

The reduction potential of the electrode on the hydrogen scale at 25"c is + 0'2225volt'

3.5.8 Representation of electrochemical cells : .

An electro chemical cell is represented with the help of,following oonvention -

l) The half cell in which oxidation occurs is represented on the left hand and thus the left hand

electrode acts as anode. The half cell in which reduction occurs is represented on the right

and this right hand electrode acts as cathpde'

2, The left hand electrode is represented by writing the symbol of the-metal ( or the gu: ) flTl

rotuo,Juy rrr" ivruor .tthi ion with its concentration in bracket. The electrode on the right

For

= +0.3335vo1t

= +0.28l0volt



hand side is written by first writing the ion along with its concentration in the bracket tbllowedby the symbol of the mctal or the gas.

3) The phase boundaries of each electrode is separated by single vertical line.
4) The two etectrodes ar€ separated by doubte vertical lines which r€prcsent the salt bridge.
5) In' case of gases at equilibrium it is necessary to repr€sent the pressure ofthe gas.

For Example. :

r) Daniel cell' having zinc electnode in Znso-. solution of c, iorrcentration and copper electrodein cusQ sotution of c, concenhation wiri be represented as

Zn lZnz* (C=l) llCut* (C=2) lCu

D Pt I H,(t atm ) | H'(C,) | lCu'. (C=2) lCu

3'5'9 Writing the cell reaction from conventions of electrochemicd eells :
Left hand electrode r€presents oxidation halfcell and the right hand electrode represens the reductionhalfcell and the two half certs arc separated by double vertical iines.

Exrmple:

D Zn-Cu cell

Zn lZn2' (C=t) | | Cu.. (C=2) | Cu

L.H.E. R.H.E.

Oxidation half cel I reaction Zn +Zn2' + 2e'

Reduction halfcell rpaction Cu3. + 2e- + Cu

Completecellreaction Zn+ guz, -) Zn!* + gu

iii) ii) Pb lPb:1lcdr.lcd

L.H.E. R.H.E.

Oxidation half cell reaction pb .-+ pb r* + 2e'

Reduction halfcell reaction Cd r* + 2e- + Cd

Completecellreaction Pb + 963. -+pbr* + Cd

35.10 E.M.F of a ell rnd its measurement 3

Ihe o the difference in the electrode potentials of the two half cells, the curr€nt flows from rhcclc-qfirqdedhighcrpotential tothe electrode of lowerpotential. This potential ciifferenceofthe two halfcellsofcclf is known electlomotive force or E.M.F. of the,celt or cell potentiat expresse.d in volts.



Meenrcment of cell Potentirl :

The E.M.F. of a cell can be measured by connecting {" two electrodes to the two terminals of a

voltarneter. But , this method is not accurate because the cunent drawn by the voltameterfor the measurement

disturbsthe etectroctremicat equitibrium ofthe ceil. there by causes change in E.M.F. of the cell' The E'M'F'

of a ce, can be measured accuratery using a method based on poggendorffs compensatio' principle' In

this method, the E.M.F. of a cell under examination is balanced by an equal and opposite E'M'F of another

cert. The erectricar assembry used is known as potcntiometer which congists of a uniform wire AB of high

resistance.AstoragebatteryofconstantE.I\4.i.whichshoultlbelargerthanthe!'1u1'F 
ofthecell tobe

measured is connected at the ends of A and B ol'the wire. The cell'X" the E'M'F' of which is to be

determined.is connected through a Galvanometer G to a slidingcontact 'D', sllch tlrat it opposes the E'M'F'

of the storage battery. The sliding contact'D' is movbd along ihe wire AB till no curent flows through the

Galvanometer. The position of D is then noted. Now the E.M.F. of the cell E* is proportional to the distance

AD.

E* cr AD

Now the cell .X' is replaced by a standard cell, the E.M.F. of which say Es is known. Again the

sticing contact .D, is moved along the wire AB till no current flows through the Galvanometer i.e. the null

point is reached at'Dp

E" c ADI

4* E,
AD'

E (PuP of X)-x\--'--- '_ AD
e"(eur ors) ADI

.F:
"ux

Thus, by knowing Es ; Ex can be calculated.

Weston standard cell :

A standard cell is one whose potential is highly reproducible and accurate upto a fraction of

millivott such a cell should be reversible and should not be damaged by the passage of current through it.

Its EMF should not vary with temperature.

Eg: Weston cell

It is a .H' shaped glass tube. The positive etectrode ( anode) consists of mercury covered



Rgfoa

Th: Weston Standard Ccll.

with solid mercurous sulphate and the negative electrode ( cathode ) consists of 12.S%cadmiunr amalgam,
covered with 3CdSQ. SH,Ocrystals over its top. 'H'tube is filled with a saturated solution of cadmium
sulphate. The ends of the tube are then sealed. The cell rnay be represented as.

Cd (Hg) lCdr. (satd) I I Hg,SOo,", I He

The EMF of the cell lies with in the range I .0 | 88 to I .0 | 98volt, depending on the exact activities of
amalgam. The cell is used to calibrate the slide wire of the potentiometer.

Celtreaction :

Cd(ei* Cor'+ 2e'( Oxidation half cell )

H&SQ,.,;+ 2Hq,,+SQ2-( Reduction half cpll )

Cd,,,* HgSO*r, 
=+ 

Cd3'+2H&D +Ser-

3.5.11 Relation between free enerlgr change and electrical energy :

Earlier, it was believed that the electrical energy of a reversibte cell was equal to the heat of cell
rea tion at constant Pr€ssure. It is equal to the decrease in enthalpy (-AH) of the reaction. Gibb's -
Helmhottz equation shows that the electrical energy of a reversible cett is measured by the decrease in the
free energy of (-[G) of the cell reaction.



Suppose in a particular cell reaction, n is the number of electrons liberated or taken at one electrode,:

then nF Faradays of electricity will be generated in the reaction. lf E is the EMF of the cell, then electrical

energy supplied by the cell: nFE

flecrease in free enerry of the system -[G= nFE

According to Gibb's - Helmholtz equation, decrease in free enerry of a system at constant pressure

I jtoot)
is -[c=-A"-tllt j,

Where 7\ H is the decrease in enthalpy or heat content. of the reaction at constant pressure.

-[G:nFE

nFE=-aH'[ry)'

f fe)
= _aH+rnF IjTj,

Calculation of K :

For njactions in which the reactants and products are in their standard states.

-AGo: nFEo cell

The standard free energy change for a reaction ib related to the equilibrium constant as foliows.

-AG'= RTInK - nFEo

Where K is the equilibrium constant

Conditions of spontaneity of the reaction under standard conditions

AGO K Eocell Reaction under standard

Negative >l

0=l
Positive <l

t 
Positive

0

Negative

conditions

Spontaneous

Atequilibrium

Non.- spontaneous



3.5.12 Calculation of EMF of the cell :

Enmple : I

calculate the stairdard EMF ofthe cell cd lcdt-ll cu:*l cu and determine the cell reaction given rhat

Eo Cd2':Cd : 0.40 volt

Eo Cu2*;Cu = 0.34 volt

Solution:

Oxidation half cel I reaction Cd -+ Cd2" + 2e'

Reduction halfcell reaction Cu 2* + 2e' --+ Cu

Completecellreaction Cd + Cu:' -t C'd:. + Cu

Eo cell = Eo* _ Eo.

Standard reduction potential ofthe right hand electrode - standard reduction potenctial ofleft hand
electrode.

Eo. ( Cuz*, Cu ) = 0.34volt

Eo,- ( Cd2., Cd ) = -0.40volt

Eocell:0.34-(-0.40)

=0.74 volt

Example: 2

Write the cell reaction and calculate the standard Eo of the cell Zn I Znz* 1C= | ) | | Cd:' (C= | )l Cd
standard reduction potentials of zinc and cadmium electrodes are 0.763volt and 0.403 vott respectively

Solution:

Eo cell = Eo^ _ Eo.

' Eo" ( Cu'*, Cd ; : 0.403vott

8", ( Zn2*, Zn ) = 0.763volt

Eocell =0.403.(0.763)

= -0.36 volt.

Cehreaction :

Oxidation half cel I r€action Zn + Zn?'i'?r'

Reduction halfcell reaction Cu 2* + 2e' -+ Cu



Complete cell reaction Zn+ Cu:- -+ Zn:' + Cu

Erample: 3

Calculate the standard EMF ofthe following celt Cd lcd*llAdl Att" Writc the cefl rerction given

that

Eo ( Cu:', Cd ; = - 0.40volt

E"(Ag,Ag)=0.80volt

Eo cetl = E"R - E"L

E"c.ell :0.80-(-0.40)

= 1.20 volt.

Cell reaction :

Oxidation half cel I reaction Cd -+ Cd:' r2e-

3.5.13

t.

2.

3.

4.

Reduction halfcellreaction 2Agl'+ 2e' + 2Ag

Completecellreaction Cd+ 2Ag1- + Cdr* + 2AB

Model Questions :

what is a reversible electrode ? Mention the various types of reversible electrodes. Elplain the

electrode reaction in each tyPe.

What is meant by E.M.F. of a cell ? what are its units ? How is it detennined.

What do you understand by single electrode potential ? How would you measure single electrode

potential?

What is meant by a reference electrode ? Describe the construction and'working of a calomel

electrode.

5. Write short notes on

D Nernst equation

ri) Standard hydrogen electrode.

6) Distinguish between single electrode potential and standard electrode potential; Draw a neat

sketsh of calomel electrode and discuss.

7) What is a cell potential ? How it can be determined from the electrode potentials ? How is

spontaneity of a reaction relatd to E.M-F ?

S) What is electrochemical series ? Give its applications.



35.14 Problems :

f ) Calculate the EMF ofthe ceil Zn lZn, rtM) | | eg:-(t M)l Ae

Given

E" Zn + Zn2" = + 0.762 volt ( oxidation potential )

Eo Ag. -+ Ag = 0.E0volt ( Reduction potential )

( Ans : 1.562 volts )
2) Consider the cell ZnlZn?,(tM) llCu!.(tM)JCu
The standard reduction potentials are

Cu'*;Cu)=0.35volt

Zn1' ; Zn = -0.763 volt

Write down the cell reaction and calculate the EMF of the cell. ls the cell reaction spontaneous or
not ?

3) calculate the EMF of ttre ceil znlznz-(lM) ll H.(tM) ll H?(tatm)l(pt)

Given that the oxidation potential of Zn?- ; Zn is0.76lg volt

( Ans : 0.7618 volts )
4) Calculate the EMF of the followingcell

Zn I Zn2' (0. I M)l I Cu'-( 0.0t M)l Cu

Given that standard reduction potential for zinc and copper electrodes are 0.7623vo1t and 0.33volt respectively.

( Ans : 0.4323 volts )

V.Mangathayaru

Rerd.H.O.D.

Department of Chernistry,

M. J. College For Women,

Tenali, Cuntur- (Dt)

( Ans : l. I l3 volts )



TINIT - IV
Lesson - I

MOLECTTLAR SYMNMTRY

4.l.l.Symmetry elements and symmetry operations in molecules, definition of plane of symmetry centre

of symmetry and Axis of symmetry (simple axis Cn) and alternating axis (Sn)' Examples'

4.1.2. Symmetry :

Symmetry is a geometrical properly. An object is said to be symmetrical if it can take up more

than one equivalent orientations.

Explanation:

When there is no change in the initial state and final state ofthe molecule it is called equivalent

orientation. They are indistinguishable.

Example: Hydrogen molecule

"t" 180> "+"
Orientation I Orientation ll

The Hydrogen molecute with orientation I on rotation by | 80o along the axis shown gives

orientation It. Orientation ll can not be distinguished from orientation I. Hence they are equivalent
orientations

4.1.3. Symmetry operation and symmetry elemcnt:

l; Symmetry operation :

Symmetry operation is the process carried out on a molecule, which brings the molecute fiom
originol orientation to an equivalent orientation.

During symmetry operation the point of centre of gravity of the molecule should not be chnnged.

SymmetrY element :

Symmetry elements are geometrical entities such as an axrs, plane or point over wlrich a symmetry

operation can be carried out.



2' symmetry operations qe intimatcly connected with the symmetry elements possessed by thebody' A given rotation must bc csnicd out abour it's symmetry axis. Any reflection must be carried out withrcsPect to a spocificd phnc.

S.No. Symmetry element

l. Symmctry Point

2. Symmetry axis

3. Symmetqrplane

4. IinproperSymme-tryaxis

5. Rotatory inversion axis

90'

Symmetry operation

It involves inversion through centre.

It involves rotation about axis

It involves reflection through plane

It involves successive rotation about the axis and
rcflection through the plane perpendicular to the axis.

It involves sqccessiv.e rotation about the axis and
inversion through the centre lying on the axis.

3' Symmetry operations are the movements of an objects 
_which carry the object into an equivalentorientation. All symmctry operations can bc expressed in terms of rotations and reflJctions.

The anes and planes constitutc symmetry elements. They define rotations and reflections that aresymmetry opcrations.

4.1.4. Symmehy Elements :

Symmetry elcmcnts ar€ gcomctrical entitics such as an aris, plane or point over which asymmctry operation can be caniod out. Thcy arc four gpes.

I ) Axis of symmerry (Rotation)

2) Plarrc of symmetry (Reflection)

3) Centre of symmctry( lnvcrsion)

4) A lternati ng aris of symmetry (Rotation - Re flection )

!

a



4.1.4.1. Axis of symmetry (Cn) :
:

It is an imaginary axis about which a molecule is rotated through 360"' spch that it gives more

than one equivalent orientations

Rotational axis is represented by Cn, where n

Here 6 is the angle of rotation.

wlren e=360o.r=3f3=t

It is callcd C, axis. lt is also callsd ldentity element

Examples : l. Water molecule :

_360 .-0

180"--+
H,

2.

H,

These are equivalent orientations.

Here n = iif :2 lt is C" axis.

Benzene molecule :

2

3

6

5

uo" , 1

2

5

4

These are equ ivalent orientations.

Here B =6oo n = +8= 6 tt is Cu axis.



L20" '

->
These are equivalent orientations.

Here n = #3= 3 It is g, o1r.

Lg0"

--+

These are equivalent orientations.

Here Q =69". r':ffi =2 ltis C, axis.

Principel rotetionel aris : tu :''

I . When a molecule has only one rotational a4is, it is the principal rotational axis.

Ex : For NH., principal rotational axis is c., because it has onry c, axis.

2. When a molecule has several rotational axes of different order, then the axis of highest order is
the principal rotational axis.

Ex : Benzene has Qo, C., and C, rotational axes. Here Cuaxii with highest order 6 is the
principalaxis.

4

3

2

3

6

5

2

3

6

5



3. When a molecule has several rotational axes of same order, the axis passing through the

minimum numberof atoms is'the principal axis. Ex: Ethylene'

.t
H\ | -:H\o/

tll

*,/g\H
4. Afways principal rotational axis is t"O, ", Z-axis-

Ammonia (NII') : '

-F
C, symmeiry

I

a )r
C, symmetry

BF, is a trigonal planar molecule. The axis passing through Boron.and perpendicular to the
triangle containing three fluorinc atoms is a thrpe fold axis C, The angle of rotation is 120".

p

{t rzo" 4' rzo' {t

,,/N;,/N;,,/l\,,
= J . It has threc fold axis C, symmetry.

360
r20
D

The order of the axis z =

Boron trifluoride;



Order of the axis n

It has two firld rxis

__. ioo _ .
120

C. symrnetrv also. Tlie angle of rotation is 1g0".
s

order of the axis ' '= if8 = 2.There are throe c" axes of syrnmetry.

[Ni(cN)o]':

4,\In- |

l\t/

(1., synrnretry Q syriimetry

It is a square Piii'tar rnolecule- The axis passing through Nickdi atom and porpendicular to the
sguare containine four cyanide ions is a four fold axis Co. The angle of roltibn is qO"

Order of the axis ,r .'' 
f,$o-= 4

It has four trvo ltrlcl axis C., symnretry also.

Linear nrolcculcs : Ail rinear molecules have an infinite fold axis c o,

Ex: -- t.t .--- --(rl .---) ._ H H _-+

NJ

Hvdrogerr chloride Hydrogen

Heterodiatornic molecule Homodiatomicmolecule

Rotation b-v-' arrl ti'action of angte along the axis gives an equivalent orientation.

Homodiatonric rnolecules like Hydrogen have two fold a<is crsymmetry also.



C, sYinmetrY.

1.1.4.2. Plane of SynrmetrY (o):

It is an irnaginary plane that divides the molecule into two halves such that one is the mirror

image of the othcr.

Ex : l{ydrogcn'nlolecgte

\ ---+A
\HtIH

They are three types:

mr|Torrmages

| ) Vertical plane of symmetry

2 ) Horizontal plane of symmetry.

3) Dihedral plane of symmetry
l) l.at'.7-:,'l ll.rr,. of svrnnretrlt:

This is a plane passtng [,,. - - .,:rrcipal axis and through one of the two subsidiary axes. It is

represented by oV (V vertical) because the lnu,r,.,' '- rra$'tt u'ith the principal axis set vertically by

convention.

Dx : Water molecule

g>



ovl--t
Hr 'Hr H2

n
-> 

/\)
/\H; H;H2H.,

The vertical plane of symmetry of water molecute.

This plane oYZ contains the principal axis and lies in the plane of the molecute. It is the
vertical plane oVr.

2. Horizontal plane :

This is a plane perpendicular to the principal axis. lt is represent ed as oh Here , h, stands for
horizontal.

Ex : Benzene molecule

Hefieefion

-[-+ ----*

The horizontal plane of symmetry of Benzene molecule.

The plane oxy is passingthrough the six carbon atoms and is perpendicular to the principal axis
Co It is the horizontal plane o h.

z
I
a
I
I

-tL( tI
t-ttlLI\-F

1-

I

f'''q
L::j..:d



3; Dihedral plane:

This is a ptane passing through the principal axis and passes between the two subsidiary axes.

This plane bisects the angle between the verticat planes. lt is represented by od. (d = dihedral) some

authors called it as "diagonal"

Ex:Allene(CHr=C=,CH,

The dihedral plane of symmetry of Allene molecule . 'fhe plane is passing through the molecular

axis and through H, H, or H, Ho. It is the dihedral plane because H, H, or H, Ho are between the subsidiary

axes.

Sulphur dioxide (SOr) :

In Sulphur dioxide there are two vertical planes oYXZand oVYZ.

+L /\
The plane 

'YXZ 
is passing through the sulphur atom and in between two oxygen atomt. In

->z



aVXZ the oxygen atomF are shifted.

ovrz r o,/ \o,

The plane oYYZ is passing through the sulphur atom and also through the two oxygen atoms.
ln oYYZ all atoms remain unshifted.

Ammonia (NHr) :

In Ammonia molecule there are three vertical planes of symmetry each passing through the Nitrogen
atom and one of the three Hydrogen atoms. They are t"pt*uniod r" oV, oyrr un6'oy,',.
Borontif,uoride(BFJ:

b'\srr

Pr'/



It has three vertical planes of symmetrY ov each passing through the Boron atom and one of the

three Fluorine atoms.

It is trigonal planar molecule. The plane 9f the molecule (passing through the Boron and three-

Ftuorides) is a plane of symmetry. It is perpendicutar to the Principal axis' So' it has Horizontal plane of

symmetry oh.

[Ni(cN).I' : ln [Ni(cN)o]-z there are four oV planes each passing through the central Ni (ll)' Two

oV planes pass through tf,t .V*lits at opposite oomptt' They are denoted as oV ffe other two oV planes

pass through ttre centres of opposite edgii, 
JheV 

ar9 denoted as od. But they are not really dihedral planes

Lr"uur" they are passing through the subsidiary axis'

It is a square planar mole4ple. The plane of the molecule.passing through the Nickel (ll) and four

cyanides is planl of ry*,n"try. Itii perpendicutqr to the principal axis. lt is the horizontal plane oh' '

Phosphorus pentafluoride{PF) : In PFrthere ry tht"." oV each passing through the phosphorus

atom and three Fluorine atoms. fhey are Fr F2 F3 F, F, F, and Fr F2 F5'

\o T,-\l
Jr-Fw|

s,{ |
F2



It is a trigonal bipyramidal molecule. The plane passing thro.ugl th-e phosphorus and F, FoFr. is arorizontal plane oh. It is a plane of symmetry perpendicularto the principal axis.

Benzene (CoH.) :

In Benzene molecule ther.e are six- oV planes each passing through Cu and one of the C, a:ies.
Three ventical planes pass through the oarbon atoms oq gppo;lte 

"orn"rr]thu! 
urc denoted as ov. The

other three ventical planes pass through the centres ofopposiie'idg"t. The! arc denoted ur oj-gu1 ,h.y;;;
not really dihedral planes because they are passing through the subsidary axis also.

Benzene is a hexagonal planar molecule. The motecutar plane passing through the six carbon atoms
is perpendicular to the cu. axis. It is horizontal plane of symmetry oh

POBrCl, :

Molecules like POBrCI'., have no axis of symmetry. But they have plane of symmetry. It is denoted
by o. Such molecules can not have verticar or horizontal piane of symmetry



The plane containing POBr is a plane of syrnmetry'

4.1.4.3. CENTRE OF SYMMETRY (i) : .--''

It is a point at the centre ofthe molccule through which reflection of each atom can be carried out

to result in anlquivalent atom. Benzene molecule has centre of symmetry'

Ex : Benzene molecule.

"\r,zc\c-H

H/\ r/ "

4.|.4.4.ALTERNATINGAxIsoFSYMMETRY:(S")(Rotation-
Reflection) :

H
I

I
c

It is an imaginary axis about which a molecule is rotated through

a plane at right angle such that equivalent orientation is obtained.

Sn = oCn

Where, n : order of the improper axis'

One fold rotation - reflection (S,) :

S, is simPlY a reflection

S,=o

Tlvo fold rotation - reflection (Sr) :

360"
n

and then reflected across

s, is equivalent to inversion at centre. It is centre of symmetry. s, : i

This is illusrated by the point (Xr.Yr.Zr)



6"U, Z1

rcllsction
oxY

lf rotation takes place about Zaxis, then rotation by l80o converts (X', Y', Zt)-+(X,Y,Z'),,.., .: ,:,..i .

Reflection in a ptane perpendicular to the Z-axis takes place in XY plane. It converts (X, Y Zr) -+ id:'ui'
Y , Z ) . T hus inversbn operation s, = Centre of symmetry (i)

Ex : Trans form of Hydrogen peroxide

/ -*,,,-\
"\

I r"n""tiot \
I oxv
J"

t'/

H'

o

H

o

H



4.1.5 IDENTITY (E) :

Identity is a symmetry operation,which brings back the molecule to original orientation.

It is represented by E (E = Einhbrt). In German Einhert means unity.

Ex: Benzene molecule.

360"

rotation

Here C[ = C I = E. It is identity element. When 0 = 360

360 . .. I a F . r r -!r -tLn= 5;6 = | . lt is called C, axis or identity element. Every molecule has identity element E.

Importance : ldentity operation means doing nothing on the molecule. Hence it does not have much
oonseguence. Btrt its importance lies in considering the molecule as a group and to apply group theory to
molecules.

4.1.6. Model Question :

l. Write a note on Elements of Symmetry

2. What is identity element ?

Expl a i n sym metry e le ment'and symmetry operation.

4. Write symrnetry elerrtents for the following.

a) H=O

b) NH,

c) CoHo 
:

5. List the elements of symmetry for molecules and explain the corresponding symmetry operations.

Dr. S. Siva RamBabu M.sc., Ph.D.

1
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Lesson - II

PHYSICAL PROPERTMS AIYD MOLECULAR
STRUCTURE

4.2.1

orientation of dipotes in an electric ficld, dipolanoment, inducod dipolemoment, dipolernoment and
structure of molecules, magnetic properties paramagnctism, diamagnctism and fcrromagnetism.

4.2.2. DIPOLEMOMENT :
I

Dipolemoment is defined as the pro.duct of magnitude of charyc and distance between the
charges.

lL=q.r
Where, p. =dipolemoment :

q = magnitude of charge

r - distance between the charges

units : It is a vector quantity, it is expressed in Debye units.

I Debye = l0r8 esu.

Exptanation : If a bond is formcd bawcen two .!ons ofdiffcrsnt ebctnonegativity values, negative
charge is accumulated on a mone electronogative atom and positivc charge is accumutated on a mot€
electropositive atom. Then the bond constihrtes an electric dipolo ofoquat pJsitivc 

""d 
;rg"ti; ;il*d;;

sepamted by a distance r. A dipole is characteri redW its dipoiemomcni. tt is 
" 

vector qr and direction is the
line joining frre negative to the positive charge.

If a polyatomic molecule contains two ol morc dipolcs in diffcrent bonds, the net dipolemoment of
the molecule is the resultant ofvectoraddition ofthc individual bond moments.



Importance :

Dipole moments provider . ., .r r. i i
':j :{t rj :.

i) an insight into the geometric'stru,9ture of the molecule'

ii) the extent to which a bond is polarized'

4.2.3. Orientation of dipoles in an electric field :

Molecules arc made up of pr,otons. Neutrons and electrons. When they are placed between two

charged parallel plates, the el""ti" fr"H 
"auses 

s€paration of positive and negative charges. Thus an 9le9tri9
field-always induce dipoles whetherthe molecules contain dipoles or not in the begining. The electric field

is said to polarize the dielectric.

Dielectric constant:

When dielectric is introduced between the plates of a capacitor, the capacitance is increased called

dielectric constant.

G= €Co

Where,

C,, = caPacitance with vacuum

C = capacitance with dielectric

€ = dielectric constant.

The dipolemoment perunit volume is called dielectric polarization. It is represented by P

4.2.4. Induced dipolemoment :

An electric field acting on a dielectric causeb polarization in two ways.

i) Induction effect

ii) Orientation effect

Thus polarization is the sum oftwo terms, P = Po-l-Po.Po is the orientation polarization caused by the

prer'brential alinement of permanent dipoles in the direction ofthe electric field. Po is the induced or distortion

polarization caused by the separation.of positive and negative chrges due to the action of electric field on

the dielectric.



Eicclb'r cto,rd

@
Gc{rd
+f,Chellrl

The polarized state of the molecule exists as lon as it is in between the electrically charged plates.
Whcn once the charged ptates are nemoved, the molculc gets initial starc. So, it is Called induced polarization.

The magnitude of induced dipolemoment is proportional to the strength ofthe field acting on it.

pia F

p.i= a F

Wherp pi = magnihrde of indrrcd dipolemomcnt.

.F= Field strength

a = proportionality constant called polarisability.

According to clausius and Mosotti equation .

Pi- (#)y=trNa
Where, Pi= induced polarization.

M = Mol. Wt.

P: density

il- Avogadro number

D = Electric distortion.

42.5. Dipolemoments and structure of molecules :

Dipolemoments provide two kinds of information about molecutar srnrcture.

l. The extent to which a bond is pcrmancntly polarizcd.

2. An insight into the geometry of the molccules

+(|.{|O
oi

(obro't dl

Fb.at.



Ex : l. Carbondioxide :

(-.--* --+:fQ-{=o

Carbondioxide has no dipolemomefi, despite the differenco in electro negativity between carbo
and oxygen. So, the molecule is linear. The dipolemoments due to C:i 0 bonds exactly cancel each other b

vectoraddition.

2. Water molecule :

.,t

Water has dipolemoment 1.85 d. It must have a triangular structure. Each O - H bond has
moment of 1.60 d. So, the bond angle must be 105" such that resultant dipolemoment is 1.85d.

3. Benzene and it's derivatives :

1A

p=0
CI

o
OH

CII
t-\t
tI I I
f \ .t I

il
1.? d

OH

O t.+d 1.64 d



Benzene (D P - dichloro bezene (III), Trichloro binzene (IV) have zero dipolemoments. so,benzene is planar and c-cl bon"s are in tile plane of the ,ing-, thrr" by the moments due to c-cl bondscancel eaclr other by vector addition. 
--e' i"v!

P-dihydroxy benzene (VI) has dipolemoment 1.64d. This shows that o - H bonds are not in the planeof the ring. Thev are directed at an angre to the ring; th;r;r;;;g a ner dipore mome.t.
4. Ethyl chloride and chlorobenzene i

p=2.05d

I

chlorobenzene (II) has less dipolernoment than ethyl clrloride(l). This is clue to resonance inch rorobenzene wh ich decreases negative 
"rrurg" 

o"'irr;';;;;: ch I ori'e.

5. Hydrogen chloride

a'

5+ 6-
Ll /\rIT-UI

CI
I

-4.r^\t{ ) |
t\ J I
\z\-

1.70d

I

cH., cH, - cl



Intemuclear distance in HCI = l'26Ao

Dipolemoment should be tt = I'26X4'8 = 6'05 d

But HC I has dipolemoment of /. J0 d only. This shows that the pair of electrcns in the non-bonding

sp hybrid orbital ur" nJ, ,Vimetrically fisnosei. 
This makes-substantial contribution in decreasing the

dipolemoment. Thus HCI was proposedtheiotlowingmodet rcjectingtheoldermodel'

l.s $p hybrid

6. Differenciation of cis and trans - isomets :

This cis isomer of a symmetricat alkene has a definite dipolemoment while the trans isomer has zero

dipolemoment'

Ex :l) 1n2 - dichloro ethYlene'

H-st+sg
tl
llH-c+-ct

cis 1,2 - dichloro ethYlene

P: l9D

Ex :2) 2 -butene.

{-+H-c-cl
tlct-c-H

Trans l2 . dichloro ethylene

F= AD'

#
fr-ct'
tlc-H

In sYmmetrical

iralf ofthe molecule.

cis-2-butene

trans isomer the effoct

Trans -2'butene P= 0'

produced by one half ofthe molecule is cancelled by other



4.2.6. Magnetic properties :

The theory for magnetic properties of molecules resemble that for etectric polarization. Thus amolecule can have magnetic moment induced by magnetic field.

B=H+4 7tl

Where, B = magnetic induction

H: field strength

I = Intensity of magnetism or magnetic moment per unit vorume.

In a vacuum, B: elH

Where er : pernicability.

Magnetic susceptibility :

Magnetic susceptibitity per unit vorume of,the medium is given by,

f\t- t
^- E:

Magnetic susceptibility per mole is

v -h, C.t\M- u -r T

Where, D and C are constants.

X or X"can be negative or positive.
positive, it is called paramagnetic.

Para magnetism :

lf Xris negative, the medium is called diamagnetic .lf X, is

substances containing unpaired electrons are attracted by the magnetic field when placed in it. It iscalled paramagnetism.

.Ex: Fe*2,O' K, I Fe(CN)u]

It is caused by spin and orbital angular momentum of electrons. At 20oc, magnitude is positive andsmall. It is of the order of r 0-6 pergram. Ii is dependent on temferature.

I)iamagnetism :

substances containing only pairs of electrons are repelled by the magnetic field when placed in it. Itis cal led diamagnetism.

Ex z Zn*2, H2, KCI

It is caused by induced magnetic field or orbital electrons. At 20oc magnitude is negative and verysmall. It is of the order of r 06 per gram. It is independent of temperature.



Ferromagnetism:

some substallces are attacted strongly by the magnetic field when placed in it'

Magnetism of suhstances increases rnillions of times when placed in a magnetic field' It is called

Ferromagnetisrn.

They retain nragnetic properties for some time even after removel of the field'

Ex: Fe. Co. Ni'

It is caused try, particles arranged on lattice and electrons with parallel spin't 29"c' maeni^t1le

is positive and very iarge. lt is of tlreirder of | 0'3 per gram. There is big decline at Curie temperature'

4.2.7. Problems :

l. The bond length of l{- (:l bond is | .26f"ancl its dipote moment is | '068D' Calculate percentage ionic

. ;;;;; of tte H- Ct hond ( charge on the electron = 4.8X10'r.esu)'.

Sol: 1l ( for 100% ionic boncl) -- ed

- 4.8X | 0'i" x 1.26 X l0-t

:6.05 X lO'rEesu.

= 6.05D

observed ,tt = 1.068D

% ionic character - LQt=j * l o0

= 11.66

4.2.8. Model Qucstions :

l. what is clipole morTlent? Explain with two examples. what are its units ?

2. How dipole monrent is helpfirl in distinguishing'

a) linear and non linear molecules'

b) cis -- and trans -- isomers'

3. How is clipole rnomept usefut in the determination of structures and shapes of molecules ?

4. Explairr tlre lbllou'ingterms'

a) dianragnetisrn

b) Para magnetism

c) Ferro magnetism

5. The bond length of H-l is 1.604" and its dipole moment is 0.38D. Calculate percentage ionic

'fiaracter of tlre H- | bond.

6. Explain induced dipole moment.
Dr. S. Siva RamBabu, M.sc., Ph"D.
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Lesson - III

MOLECULAR SPECTROSCOPY
4.3.1.

Electromagnetic radiation - different regions, wave Length, wave Number, Frequency and Energy.Interaction with molecules and types of molecui'ar rp""tr". con""?t 
1{n1t"1rial energy curves for bondingand antibonding molectr lat oiuit tt. Q,ialitative description ori-p -a n na.o., their enerry revers and respectivetransitions' ultraviolet visible absorption spectrgscopy - presentation and anarysis of spectra, types ofelectronic transitions'.e{Tect of coniugation. concept oichromophore and uu*olhron.,". Bathochromic.hypsochylic, hyperchromic ancl trypolhromic shifts. 

"*"n ;;;.Infrarcd absorption spectroscopy-enerry levelsofsimple hannonic oscillator, molecularvibrations,Hooke's law' intensity' determination oft6r"" constantand quaritativerelation offorcelonstant bond energies,effect of an harnronic t9lbl and isotope on the rp".r*r, roJ9, of vibrations in polyatomic molecules,intensity and position of IR bands. Instrumentation characteristic absorption bands of various functionalgroups - interprctati.n of spectra of simpre organic motecures.

43.2. Electro Magnetic ltadiation :

The important characteristics of Erectromagnetic radiations are

,"r;oiqg:'nEtf:l;il:*""t't 
racliations are produced by the oscittation of erectric charge and magnetic fietd

2' ihese radiations are associated with etectric and magnetic components which are mutuallyperpendicular and are coplanar.

Venical componcnt rE' indicates change in strength of the erectric fired.

Horizorrtal cemponcnt 'H' i'dicates change in thetstrength of rnagnetic fired.
These radiations are cltlracterized h,v their wave lengths or frequencies or wave numbers.
The energv carried hy an electro magnetic radiation is directty proportional to it,s frequency.
The em ission or absorption of racliation is quantised.

Each quanturn of radiation is cailed photon.

3.

4.

5.

6.



7. All types of radiations travel with the same velocity'

8. No medium is required for their propagation. They can travel through vacuum'

9. A group of electromagnetic radiations can be split up into various components for analysis'

Ex: When visible light is passed through the prism, it is split up into seven colours each with

definitewave length.

4.3.3. Different Regions :

Electromagnetic spectrum covers entire range of Etectromagnetic radiations from Cosmic rays at

one end to radio waves at ihe other end. Different rJgions of the electromagnetic spectrum are identified

by different names based on the range of their wave lengths or frequencies'

HMTEEBM@
l02o l0r8 l0r? 1016 1014 1013 l0r2 l0r0

FrequeneY cYcles / sec.

Themajorcharacteristicsofvariousspectralregionsare:

l, f - rry region : It consists of cosmic rays and y -rzys. This region lies between 0.1 to I Ao' I Ao

- l0ro m

The y - rays are shortest waves emitted by atomic nuclei'

Z.X:ray region :.This region lies between I to 10A0. X - rays are emitted by the transitions

involving inner electrons of an atom or a molecule'

3. Visible and U.V. regiou : U.V region lies between 200 to 400 nm. Visible region lies between

400 - 800 nm.

I nanometer (nm) - | 0'e meter'

The vacuum U.V region lies between I - 180 nm'

In U.V region electromagnetic spectrum is associated with the energy charges due to electronic

transitions.

Infrared region : I.R. region lies between 0'7 '200 tt

I micron (tt)= l0{ meter.

This region is further divided into sub regions'

Near Infrare d 7--25 P

Infrared 2.5 - l5 P

Far Infrared 15'200 P



viurati# 
I'R' region electromagnetic sp€ctrum is associated with the enerry charges due to molecular

Micro wave region :

due to #il3lilj'ff"fffi:: 0' l mm to lcm wave length. This region corresponds to the energy changes

Radio wayes :

This region lies between I to l0 cm wave length; The region corresponds to the energy changes dueto reversal spin ofnucleus or electrons. v -e-

4.3.4. Wave length (l) :

wave length is the distance between two adjacent crests or troughs in a particular rvave. It isdenoted by the letter ) (lamda). It can be expressed in Angastrom units (Ao) or in millimicrons (m p )
lAo = l0-8cm; lmp = l0-7 cm

wave motion

visible light region lies benveen 3800 - 7600,{0 wave length. Different colours of light have differentwave lengths.

Wave number tu I t

wave number is the reciprocal.of wave lengths expressed in centimeters. It is the total number of
waves which can pass through a space of one cm. It is denoted by I . It is frequently used in infraredtechnique. Units are cm-t.

; = + Where ) =Wavelength in cm.

Frequency (v)

Frequency is defined as number of waves which can pass through a point in one second. It isexpressed as v (nu). Units are cycles per second or Hertz (Hzt).'

Frequency u = $ Where C = 3 x l0ro cm/sec.

As wave length increases frequency decreases.



problem I : Calculate frequency and wave number range df visible light'

Ans : we know wavelength range of visible light is 3800'-76004o'

-Chrequency u = 7

WhereZ : i800 Ao = 3800 x l0'8cm

C-2.998xl0rocm/sec.

2.998x10 l0
v = :7.88x10r4 Hz

When, 2 = 7600A" : 7600 x l0-8cm

., - 2.998x10 to

' 7600xt0 * = 3'94 x lOra Hz

.'. Frequency range of visible light is 7.88 x l0ra cycles/sec to 3.94 x lOra cycles/sec.

Wavenumb", u: I
),

Where, 2 : 3800A" : 3800 X lO8cnt

-lv=-------l- = 2.63 x l0a cm'r' 3800x10

When )" : 7600A" : 7600 X l}3cnt

-lv= -----ll-= 1.315 x l0acm-l' 7600xlu

Wave number range of visible light is 2.63 x I ff cm-t to I .3 l5 x l0acm''

Energy (E) :

Enerry of a wave of particular radiation is given by'

E = hv =n.ft"rg".

Where h : plancks constant = 6.62,6 x 102? erg' sec'

C = 2.998 x lOto cm secr.

X: Wave length in cm.



Problem 2 : Calculate the energy associated with a radiation having wave length JgggAo.

Ans : ):3800Ao : 3800 x l0-8 cm.

e -_Lc- -6.626 " 10-27 x 2.998x10t0
3800 x tgl_-- 

: 5'227 x l0-r: ergs

4.3.5. INTERACTION WITH MOLECULES :

Atomic'Spectroscopy :

It is connected with interaction ofelectromagnetic radiations with atoms. Atoms are usualty in theirlowest energy state known as ground state' Here transition of electrons occur frorn one electrnrric erer.g;.,,evel to another,

. lolecular Spectroscopy :

It is connected with interaction ofelectromagnetic radiations with molecules. Here transrtior:s.ccuretween rotational and vibrational energy levels also along with electronic transitions.

Molecular spectra extend from visible to micro wave region. It provides information about molcculirrSrations and rotations wrrich is useful to know morecular structure.

It is possible to get lot of information about molecular structure from atomic and molecular spectra.

nteraction of Radiant energy and Matter :

There are number of interactions between radiation and Matter. specific instruments u,ere developeco measure each interactive property. The properties that are most prominent in instrumertal analysis are
l. Absorption and transmission.

2. Emission and fluorescence.

4.3.6. Types of molecular spectra :

There are two types of specra.

l. Absorption spectrum

2. Emission spectrum

Ahsorption spectrum :

The spectrurn with dark lines against a rvhite background is called absorption spectrurri. !jlecri*ir:absorb energy when light is. passed through the molecules ind then examined. It is obtained in ttre groundstate' Absorption spectrurn is obtained when electrons jump from lower to higher orbits.
Absorp:l:n. line spectrum :

Due to limlted numbei of permissible atomic energy levels, atoms can absorb only a few selccterifrequencies. The plot of absorbance vs. wave length is a lin-e absorption spectrum.



Absorbance

Wavelength nm

line spectrum

Line spectrum :

This type of spectrum is useful for atomic analysis in atomic absorption and X - ray absorption'

Absorption band sPectrum :

The number of possible energy transitions in molecules is much greater than in atoms' ln addition'

energy is needed fbr vibrations of atoms w..h in the molecule and molecular rotations. Thus the total energy

is

Eurot = E"t.". * E,iu t Err.

The polot of absorbance vs. wavelength is'a band absorption spectrum.

Absorbance

Wave ldngth nm.
Band spectrum

Emission spectrum :

The spectrum with bright lines against dark backgound is called emission spectrum. It is obtained in

the excited state. Electront 
"tnit 

energJ when jump from higher orbits to lower orbits'

Emission line sPectrum :

Tlre spectrum with bright lines separated by dark spaces is emission line spectrum' It is the

characteristic of all atoms. It ii used as qualitative and quantitative in flame photometry and X- ray

spectroscopy.

Emission band sPectrum :

The spectrum with groups of lines packed together appearing as bands is emission band spectrqm.

It is th0 characteristic of all molecules.

The energies of various transitions to the ground state can not be separated. This principle is used in

molecular fluorescence and phosphorescence.



Bonding and anti bonding morecurar orbitars :

*o *o,l"utf,lt:f,:ll"ffif#ination ofatomic orbitals, atomic orbitars ofthe two atoms combine forming

I . Bonding motecular orbital .

2. Antibondingmolecularorbital.

Bonding molecular orbital :

'",""",Ini,il,lji.iil1;:?i3;*,":fiffinerw 
than the combining atomic orbitars is caued bonding

Anti bonding molecular orbital :

uonainel:;"lu:i"iJ.ffii[i#l*!|i#:[ff:."f,? than the combining atomic orbitars is carred anti

Let. the wave functions of the two atoms A and B be v A and y B. Then.

V+= VA+ VB(Bonding)

V-= VA _{ B (Anti bonding)

folto*i";l;;llive 
energies of molecular orbitals and their constituent atomic orbitats are iilustrated in the

Anti bonding molecular orbital

enefgy

Bonding molecular orbital

A detaired examination of the enerry associated with the function
combination of rpA and y B occurs when i

i) They represent similar states of energy.

ii) They have same symmetry w.r.t rnorecurar axis A - B

{ " shows that effective



- 

_.2-c.^A *r icontributelittletothelinearcombination.
Ifthcse conditions are not satisfied, then the wave funotions

So. V - rePresents u * of high enerry called anti bonding orbital'

ln molecules electrons occupy both bonding and anti bonding molecular orbitals' The presence ofan

erectron in an anti bonding molecurar orbitaiir,*ai"", a factor.oppo-sing the formation of a stable molecule'

43.8. Ultra violet - visible absorption spectroscopy :

ultra vioret spectroscopy involves the measurement of absorption of radiations by the substance in

the U.V and visible regions'

Range : Ultra violet l0 - 400 nm Visible 400 - 800 nm

Near or Quartz U'V' regiori 200 - 400 nm Far U'V region l0 - 200 nm

TheoommonU,Vspectrometerrecordthespectraovertherangeof200-800nm.ThefarU.V
region below 200nm *", noi *uch studied due to absorption by air.

Units:

TheU.Vspectraisrecordedonwave|engthscaleinNanometers(nm).AnoldwordforNanometer
isMillimicron(mlr )

lnm-lmlt=l0Ao.

Presentttion of sPectra :

. The spectrum ofthe compound is presented in the form of a continuous grap! by plotting Absorption

oraectro masn"tl. ;ili;;; ur. ,"uu" lengttr ovei a particular range. 
:

Theabsorptionoflightbythemoleculeisgovernedbythefollowinglaws'

Beer's Law :

Whenabeamofmonochromaticradiationpasseslhroughahomogeneousabsorbingmedium,the
rate ofdecrease of intensity of radiation ;,h il;knl* oruuroruing medium is proportional to the intensity

of the incident radiation.

Mathematicaf fY, - $ ='fCf

Whett, I - Intensry of.radiation ofter passing through thickric.' \ ()l'thc rnedium

-S = rate of decrease of intensity of radiation'
dx

K=ProPortionalityconstantdependingonthen{urc

Becr'r lew :

Whenabeam.ofmonochromaticradiationispassedthrougtiahomoleneousabsorbingmediud



the rate of decrease of intensity of radiation with thickness of the.absorbing solution is proportional to theintensity of incident radiation as we I as concentration ofthe sorution.

Mathematically, -# = K IC

Where, C = Concentration ofthe solution in moles litre.r.

Kr = Molarabsorption coefficient 
l

I = Intensity of radiation after passing through a thickness x of the medium.

dI-fi= rate of decrease of Intensity.

From these laws the Lambert - Becr's law is formulated, Mathematic ally, A = bglf = ,rt
:

where' A = Absorbance = u*9 ( Io= intensity of incident tight r = tntensity oftransmitted light)_ I -'._..-:.._IrrsuilfJ

c = concentration in mores, ritre'r ofthe absorbing compound.

l = length in cm of sample tube.

E = Mollarextinction coefficient.

The Lambert" ?Tt" law.glves relationship htween the-amount of,light absorbed and concentratibnofthe solution, tength ofthe soluti;;d;;gh which light passes.

The wave length at which a morecure has ie highest absorption cocfficient (.,J is designated as

A spectrum may have several diffelent maxima each with its characteristic vatue of l-^,--
nril(

4.3.9- Principle of u.v. spectroscopy : (Types of etectronic transitions).

Principle:

The U.V and visible radiations are{Rgrq eqergetic than,l.R. radiations. They promote valencyelectrons from lower energy level to higherenerry iJ;ii;;lectrons to be promoted are
l. o electron, an electron forming a bond.

2. t electron, an el@tron forming a bond.
3. n elecffon, an electron of unshared pair of electrons.

Accordingto molecularorbital theory, when amo!.:.-ule is.excited byabsorL!i:g u.v orv,isible light,tbe electrons ale promoted frqm a bonding to an pnti bondin. oqbita;.

2
max



Types of electronic transitions :

l. o ->o 
* Transition : The anti bonding orbital which is associated with the excitation of o

electron is called anti bonding sigma orbital ( o *)

6 to o* transition takes place when o electron is promoted to anti bonding sigma orbital ( o *)' lt

isrepresentedas o + 6*transition'

Z.n -+o * Transition : n to o * ffansition takes place when a non bonding electron (n) is promoted

to.antibondingsigmaorbita|(o*).Itisrepresentedasn-+o*transition,

J. n ->a 
* Transition : The anti bonding orbital which is associated with the excitation of t

electron is cailed anti bonding pi orbitar ( n *). o ro i * transition takes prace when a electron is promoted

to anti bonding pi orbital t i *\' lt is represented as r -+ 7t * transition'

4. n *)z* Transition : n to n* transition takes place when an electron of unshared pair of

ef ectrons (n) is prornoted to anti bonding pi orbital (t n)' It is represented as n -> n * transition'

Electronic excitations

various transitions involved in u.v. spcctroscopy :

l. o ->o 
*Transition: o bondsareverystrong.So o -> o*transitionisahighenerryprocess'

These transitions do not show absorption in the normal U.V region of 400 - 180 m I '

.'qi
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c-c
o --> o *transition ion

Saturated hydrocarbons

Er : For Methane, Ethane, Propane etc., absorption occurs near 150 m I . The region below 200mlJ isvacuunlu'Vregiort.lnthisregionoxygenpresentintheairatsoabsorbs.so,theentirepathmustbe
erracuated. This region is less informative.

2' n -+ o* transitions : n + o*transitions show absorption from t65 - 175 mu.

Dr : saturated lrarides, arcohors, ethers, ardehydes, ketones, amines etc.

Water- 167 mp
Methyt alcohol -167 i tt

n -+ o * transitiotts are very sersitive to hydrogen bonding. Hydrogen bonding shifts u.v absorptionsto shorter - wave lengths.

3' z+ a*'fransitiont t -bondsareweak.so a-) z*transitionoccursatlongerwave
length' They show absorption from 170 - 190 m p . They *r uko high energy transitions.

Ex: cornpounds containing doubteortriple bonds,Aromaticcompounds. Alkenes.Allcynes, carbonylcompounds. Cyanides. Az-o compouilds etc.
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7T -.-> zz * transition in alkenes

4. n -+ zr * transitlons: n --+ 7r * tranSitions require leastamountof energy'

Ex: Saturatccl alclehl,cles shorv absorptions at290 m,t( due to n -) A +transition'

* n->o*160nm
tt -+ E *180 mtrl

n -+ 7r*290 mpt
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Aliowed transitions :

The transitions with extinction coefficient ( e n,*) more than 
I 

0a are usually called allowed transitions.

Ex : ButacJiene /max 217 Emax2l000. lt is allowed transition.

Forbidden transition :

The transitions with extinction coefficient ( e **) below I 0a are called forbidden transitions.

Ex : Benzophenon" Zmax 252 Em*20,000 (allowed) 1^u* 352 € r**l 80 (Forbidden)

To decide whether the trarrsition is allowed or forbidden for a molecule, it is importa't to consider.

I ) The geometry of molecular orbital in the ground state.

2) Tlre geometry of morecurar orbitar in the excited state.

3) The orie'tation oferectronic dipore of the incident right.

4.3.10. Chromophore concept :

chromophore is defined as any isolated covalently bonded group that shows a character.istic
absorption in the ultraviolet or visible region.

They are two types.

l ' Chromophores in which the group contaiRs z electrons. They underg o 7r -+ 7' * transitions.

Ex : Ethylenes ( >C = C<), Acetylenes (-C=C_)

2' Chromophores in which the group contains both r electrons and n - electrons (non bonding).
They undergo n+ r *and r -> E *transitions.

Ex : Carbonyls (>C : o), Nitriles (-C =N) , Nitro compounds (-No2 ), Azocompounds (- N = N -).
Auxochromes : An Auxochrome is defined as anr group which does not itself acts as a chromophore

but whose presence brings an absorption qhift towards longer wave tength {towards red end):

Ex : -OH, -OR, -NH,, -SH.

Explanation :

The absorption shift towards longer wave length is due to the combination of Chromophore andAuxochrome to give raise to another chrornophor". fne Auxochrome gfoup is called colour enhancing
group' The effect ofAuxochrome depends on its ability to extend conjugation of a chromophore by s6aring
the non -bonding electrons.

Benzene 7^u* 255 m lt e 
^*203

Aniline 1^^* 2h0mp e,n* 1430.



-.
ln Ahiline Aming (-NH.) group is an Auxochrome.Hence absorption shift is towards longqr Wlve

tength. /

43.11. Absorption and Intcnsity shifts :

Bathochromic effect : (Red shift) :

The effect in which absorption maximum is shifted towards longerwave length is cnlleii Brthoduomic

shiti. lt is atso called Red shift because the shift is towards red end of the sp€'Jirurn.

Ex : The n -+ lr * transition of carbonyl group.experiences bathochrornic sirift wheu potarity of the

solvent is decreased

Bahochromic
shiti

€'-'u*,.

Absorption rnd IntensitY shifts

Eypochromic effect : (Blue shift) :

The effect in which absorption maximum is shifted towards. sborter wave length is called

Hypsochromic shift. lt is also called Blue shift because the shift is towards the blue end of the sp€ctrum.

Ex : Anilirre zru* 280.,t,

Aniline (in acid solution) i^* 203 m lt

Explrnation:

In Aniline the electnrn pair on Nitrogen atom are in conjugation with a - bonds of Benzene ring. In

acid solution the etectron pair on Nitrogen atom is no longer present and hence conjugatiou is removed.

Rpmovatofconjugation is responsible for Blue shift.

I

NH,

Hypcrchromic effect :

The effect i1 which the intensigr of absorption maximum increases is called Hyperchromic effect.

$*''
Aniline in

lcid solution

Hypoclrromic
shllt.-



Herc extinction coefficient E,_" increases .

Ex : B - band for pyridine 2n,* 25.7mp ero2750.

B - band for 2 - methyl pyridine I^*26.2 m p e,nu3560

The introduction ofAuxochrome usually increases intensity of absorption. The methyl group in 2-
mahyl pyridine is responsible for Hyperchromic shift: l

Eypochnomic effect :

The effect in which the intensity of absorption ma:rimum decreases is called Hypochromic efltct.
Here extinction coeffi cient e,*decrcases.

Ex: Biphenrl 2r* Z50mp en'"*19000.

2-Methyl Biphenyl 1^u*237m/l e n"*l0250.

Erplrrrrtion :

The introduction ofa group which causes distortion in geometry ofthe molecule leads to Hypochromic$ift' Here distortion in geometry caused by Methyl group in z-nTenyt Biphenyl is responsibte for Hypochromic
cffect.

43.12. Effect of conjugation : (wood ward Fieser rules) :

As conjugation increases' wave letlglh ofthe absurption maximum ( Zmax ) and also intensity of
absorption (e,n,*) increases.

t
I



Absorption in conjugated and un'conjugeted systems:

The conjugated.polyene system appears coloured to tlre naked,eye if there are mor€ than five double

bonds 

Ttril"tr 
t""J; 

absorption occurs in visibte region above 400 m t.. The actual rules for predicting

absorption maximum ( 2-* ) were first made by wood ward and later modified by Fieser and Scott.

Rules for diene and triene absorption :

Value assigned to Parent - Hetero annular

ot'clpen chain diene

Value assigned to parent Homo annular diene

, Increment for

a) Each alkyl substituent or ring residue

b) The exocyclic nature ofany double bond

c) a double bond extension

d)Auxochrome -OAcyl

-OAlkyl

- S Alkyl

-cl, -Br

-N Alkyl

Total

Ex: I

'a' is endocyclic doubb bond. 'blis exocyclic double bond.

217 nm

253 nm

5nm

5nm

30 nrn

0nm

6nm

30 i:m

5nm

60nm

)"
ma)(



Hetero annular diene

(The two = bonds are indifferent rings,
Three ring residues (marked a) 3 x 5
One exocyclic double bond

(marked b, exocyclic t ring B)

parentvalue 2l7nm
15 nm

5nm

a,o* Total 236 nm

235 nm (ero19,000)Observed value is 2^u*

2.

(Homo annulsr diene)

(The two double bonds are in the same ring).

Parent value

Three ring residues (marked a) 3 x 5

One etocyctic d'ouble bonci

(marked b, exocyclic to ringB)

Total 273nm

observed value is 2** 27inm

253 nm

15 nm

5nm

I
max

Calculate I^*,for 2,4 - Ilexadiene :3.

CH2-CH=CH-CH=CH-CH,
It is open chain diene.

Basic value

Two alkyl substituents (2 x 5)

Calculated valuer**

217 nm

l0 nm

227 nm

227 nmObserved value 2**



f. CrhdlbAbrorption nerimum in U'V' spectnrm of

c-cH= cHkH,

CH,

It isopcn chain diene
Bricvalue
Tworlkyl substituents (marked b) 2 x 5

Two ring residues (marked a) 2x5

Onc cxocycl ic double bond

Calcularcd value 2**

obscnrcd value 2**

Observed 1^ 345 nm

lu

217 nm
l0nm
l0nm

5nm

242nm

242nm

253 nm

60nm

25 nm

5nm

343 nm

It is a Homodiene sYstem.

Basic value

two - bonds extending conjugation 2 x 30

Five ring residues 5x5

One exocyclic double bond

Cafculated 1^*



It is Homodicne system.

Basic value 253 nm
Two ring residues 2 x 5 l0 nm

Calcutated X^* 263 nm

Observed 2roo 23t.5 nm e,no 3400.

The cause for blue shift is disortion in chromophore system. Thc moleculc no longcr rcnuinsplanar.

7. Aceteldehyde has U.V abcorption at 160, lEe 29lt nm.
rcrponriblc for each of these?

Anr : 160 nm - This peak is due to ,r + E I transition.

ItO nm - This peak is duc to n+ ,r | transition.

290 nm - This peak is due to n -) cr I transition.

WhicD typc of ebmrption is

t lYhich of the following will hrve grrrtcr 1^* ?

Offi=cHO
I

CH=CH-CH=CH

(D
stnrcturc II will have greater 2,n*, because as conj,gation increases

l))rn
\_tr* ,n+

\_rNn'cr

1** value increases.

IVtil



Compound AbsorPtion

l. Heptane

2. Benzene

3. Butadiene

4. Heprclre

5. Asetone

6. Ethylene

7. Nitrobenzene

8. Benzoic acid

Infrared absorption spectroscopy :

In structure III lone pair of electrons are available for conjugation' In structure IV no such pair

of electrons are available for conjugation with the ring. So, structili'e IV will have greater 4nu*

g. which of the following compounds absorbs u.v racliation. Heptane, Benzene, Ilutadiene,

llepterre, Acetone, f,thvlene, Nitrobilnzene, Benzoic acid

Reason

No

Yes

Yes

l'es

Yes

Yes

Yes

Yes

:wr*-t (':lP=Ittcm)

o -+ o * transition needs high -.relgy.

7r -) lr * transition

tr -+ n *rransitiun

T --, lr * iransition

1T -+ iT * and n -) 7T 
*trarrsrtions

7r -) ft *transition

IT -+ 7r * and ll -) z *transititlns

E -) Jf rand n --+ |t. tt'attsttions"

This is the mosr important type cf spectroscopi.: rnethod used for,elucidating tlre structure of organic

compourds

Range : Near IR 12500 - 4000.cm-l

Proper IR 4000 - 667 cm''

Far [R 667 - 50 cm-'

Most of the I.R spectrometers have a range of SfiOO - 580 cm-r. I.R. spectra are visually described

in terms of frequencies of Radiations absorbed (v).

Units : The I.R. spectra is recorded on wave number scale in inverse centimeters (cm-r). Wave

number is defined as tlie nu,nber of vibrations of radiations per centinretur (,rm''1.

Wave number

Where ,f is in rnicrons (P ),

-1v: )"

V

43.f3. Principle of I.R. Spectroscopy :

Molecular vibrations :

Due to lower arnounts of enclgy i.ssociated rvith LR. radiations, ihej cann't cause electronic

transitions. They cause molecular vibrational end rotational changes.



In the I.R. Spectroscopy the absorbed enerry Q.5 - l5 p ) brings predominant changes in vibrational

energy There are two kinds of firndamenral vihrations.

l. Stretching vrbrations. 2. Bending vibrations.

l. Stretching vibrations :

In stretching vibrations. the distance between two atoms increase or deciease but the atoms remain

in the same bond axis

I
I
i

,.c_t,("\,// ,r\.// (\'1 \'
t'\od

Stretching uibratiotls

I here are tuo rypes of stretching vibrations.
zr ) Slrrrrrretric stretchtng
b) As) rrlrnetflc stretclrirtg

a) Syrnmetrir: stretching : In these vibrations, the movement of atoms with respect to a particular

atom is in the same direction.

b) Asymmetric stretching
other atom departs frorn it.

Symmetric stretching

In these vibrations, one atom approaches the central atorn while the

Asymmefticsfretching



a Bcldirg vibrrtions :

In bending vibrations the positions of the atoms chrnge with respect to the original bond rxis;

Bendilg vibr,:rtioru
There are four types of Bending vibntions or deformations.
l. Scissoring. 2. Rocking
3. Wagging 4. Twisting.

l. scisgoring : In these vibrations the two atoms approach each other.

Scissoring
2. Rocking : In thes6 vibrations the nrovement of the twoatoms is in ttre same direction.

Rocking
3.lVrgging : In these vibrations the two atoms move either up or down with respect to the
central atom.

XX
,/\. ,/\'d b { \+-r

Wagging



arftvbting: In these vibrations one ofthe two atoms move up whilethe other atom'move,do*n with
rcspcct to thc ccntral-atom,

Tfvisting

Bcnding vibrations require lower enerry and occur at lower wave numbers than stretching
vibrations.

43.14.Ilookts Law I (Determination of force constant)

The value of stretching vibrational frequency of a bond is calculated by applicatibn of Hook's
law.

Hook's law can be represented as

Where, p =reducedmass

m, and m2 = masses of the atoms ooncerned in gms.

K = force constant

C = Veloci9 of radiation = 2.998X.10r0 cm/sec

v =frequency

f = wave number

.'. The vibrational frequency or wave number depends on

i) Bond strength. ii) Reduced mass.

rl'v=r=J-l K l=+./&c Zncl m1 mz | Zncl p
Lmr +mrl



4.3.15. Force constant (K) :

In harmonic motion force constant is defined as the iestoring force per unit displacement. Force
constant is regarded as stiffness of the bond. For a single bond it is approximately 5 x 105 dynes/ cm. [t's
value becomes double for a double bond and triple for a triple bond. Thus it is related to the strength of the
bond.

Ex:

Compound Force constlnt
dynes/cm

Alkanes 5 x 105

Alkenes l0 x 105

Alkynes 15 x 105

Ilpe of Bond
vibration order

C-C Str. l.

C=C

C=C

Str.2

Str. 3

1300 - 800

3600 - 3650.

Region
in cm-r

r 300 - 800

1650 -.r 600

300-2r00

Ex : C = C stretching absorpts at higher frequency than C - C stretching.

This is due to higher bond strength in higher value of K of the double bond compared to single bond.
As K value increases, bond strength increases. It absorbs at higher frequency.

Reducedmass:O-HstretchingabsorbsathigherfrequencythanC-Cstretcliing.

Compound

Alkanes

Type ofvibration Region cm{

C-CStr

O-HStrAlcohols

This is due to smaller value of reduced mass for O - H bond compared to C - C bond. It absorbs at
higher frequency as reduced mass decreases.

4.3,16. Energy levels of simple harmonic Oscillator :

The Infrared spectrum of a molecule results due to the transitions between two different'
vibrationat energy levels. The vibrational motion resembles the motion observed for a ball attached to a
spring that is simple harmonic oscillator. A chemical bond can be visualized as two balls attached to a
spring. But the difference is that only certain vibrational enerry levels are allowed in molecules. The
vibrational enerry of a chemical bond is quantised

E.=
vro

Where, V - Number of vibrational level (0,1 ,2,3 ................ )

h = Planck's constant

v = Vibrational frequency.

('.*)o'



Weknow, ,= *rF,
The enerry difference between the trvo vibrationar en€rgy levels is

A E,,o = hv

At ordinary temperatur€, the molecules arc in 0reir lowest vibratiqnal en€rry levcls. The potential
enerry diagram is approximately that ofa simple harmonic oscillator.

Inter nucleardislance 
.

The allowed vibrational enerry levels for a diatomic molecule undergoing simple harmonic motion.

4.3,17. Selection rules 3 (Fundamentat vibrations)

. It was found that the eners/ for a transition from enerry level t to 2 or 2 to 3 is same and identical
to that from 0 to l.

Transitions from ground state V = O to the first excited state V = I absorb strongly and gives
intense bands called Fundamental bands.

A E ,iu= E 
"ib 

(V = l) - E 
",0 

(V=2)

= (t* *lor-(o**)ru =nu l-.:4,it=(v+*)rrl\ 4/ \ zt L .*

This gives frequency of a Fundamental band.

Transitions from 0 to 2 gives rise to weak bands called overtones. The'first over tone is given by

AE,,o= E,ib (v = z) -E 
",, 

(E = o)

I r\ / r\
12+i)hv-lo+))rw =2hv

T
P.E.

Harmonir:



Polyatomic molecules exhibit more than one fundamental vibrational absorption bgnds. The numbcr
of these fundamental bands is related to the degrees of frrecdom in a molecule. Each atom has thrce degrces
of freedom corresponding to tre threc Carasian Coordinates (:qy:). A motecule which is of finite dimcnaigns
will be Fsdg up ofrotational, vibrationalgndtranslational degrees offreedom. So, the moleculc containing
'n' number of atoms has 3n degrees of ftecdom. It is equal to Translational * Rotationat + Vibrationat
degrees of freedom.

Since only three Co-ordinate.s,arc neoessary to locste qmolecule in space, a molecule hes always
three translational degrees of freedom

Linear molecules : For linear molecule there are only two degrees of rotation. So, for linear
molecule containing n atoms.

Total degrees offreedom = 3n

Translational degrees offreedom = 3

Rotational degrees of freedom = 2

.'. Vibrational degrees of freeddm :3n-3 -2 = 3n - 5

Hence, thebretic-ally there wilt be 3n - 5 possible fundamental bands for linear molecules.

Ex : Carbondio^de (COr). [t is a linear molecule,

No. of atom5r(n):3

To!4t dqgrees offreedom = 3n = 3x3 = 9

Translational degrees offreedom = 3

Rotational degrees of freedom 
= 2

Vibrational degrees of freedom = 9-3-2

(3n-J;=4'

Hence for CO, molecule, the theoretical fundamentat bands should be four in l.R. Spectrum.

Non - linear molecules : For non - linear molecules, there are three degrees of rotation. So, for
a non - linear molecule containing z atoms.

Total degrees offreedom : 3n

Transnational degrees of freecic::r = 3

Rotational degrees of freedom = 3

Vibrationaldegrees of freedom = 3n -3 - 3 = 3n - 6

Ex : Benzene (C.HJ. It is a non -linear molecule.

No. of atoms n = 12.

Total degrees of freedonr = t2 x 3 = 36

Translational degrees of freedom = 3

Rota$pnal degrees offreedom = 3



.'.Vjbrationald%,;reesoffireedom= {3n- 6)- 36 -3 -3 =30

llonce for Benanre mql€cule there should bc 30 Marnentd bands treoretically in thc l.R Spectrum.

It was found thatthetheoretical numberoffiurdamenol bands are obtained very rarely-Thc rcasons

l. Fundamenal vibrations fall outside tbe rcgion 2.5 - l5

2. Fundamental vibrations arc too weak to bc observed as bands.

3. Fundamental vibrations are too close that they overlap.

4. Additional bands may appear. They arc

a) Overtone bands
b)Combination bands

c) Difference bands.

These additional bands are usually l0 - 100 times less intense as compared to fundarnolttal bands.

43.18. Finger print region :

The region below | 500 cm't is calted Finger print region. Due to bending vibrations, overtones and

combination bands along with fundamental bands these are not uscful for slructural information as confrrsion
ofone with the other ocours. But this region is very important for comparing the identity ofthe two compounds
and also for detection of certain functional groups. For example esters, ether$ type of disubstitution in
Bcnzene ring etc.

43.19. Instrumentation :

ArnpJitier Roconlcr

Sotuce

Monochromuur

$iamptc

- red Blrect prrpter
'f\l

Infra
Somnfc
boum'



Radiation source :

The source of radiation in a typical Infrared spectrometsr is a small ceramic rod, heated electrically
to I 100 - l800oC or Nernst filment. The radiation is divided into two beams, one of which is passed througir
the sample while the other is a reference beam.

Absorption cells :

The cells generally employed are made up of rock salt or potassium bromide. Identical absorption
cells are used.

Sample preparation :

0.55mg compound in a suitable minimum solvent acr j as a liquid film. In case of solidd a pellqt is
obtained by pressing the sample.

Mono chromator : ,

The pulse beam enters the monochromator through a slit and dispersed by a grating or by a prism.
In the mono chromator tne beam is sorted out into individual wave lengths by a ro=aiu,n-.t,toride'prism
through out the range 4000 - 650 cm-'

Detector :

The signal beam emerging from monoghromator is focussed on to a detector by means of a mirror
system.

Amplifier and Recorder :

The signals from detector are amplified electronically and recorded on a special graph paper mounted
on a drum,

Calibration of spectral chart :

A very sharp absorption band at l603. found in the spectrum of polystyrene is often used to calibrate
the spectral chart.

4.3.20. characteristic absorption bands of functional groups :

Band

C - H (Alkanes)

=C-H(Alkenes)

=C - H (Alkynes)

ArC-H(Aromatic)
C - H (Aldeiiyde)

C = C (Alkenes)

C= C (Alkynes)

Frequency
2850 -2960

301 0-3 1 00

3300

3010-3100

26s0 -2880

r620- r680

2t0a ^2660

Intensity
m-s
m

s

m.

two bands

w



C = C (Aromatic)

C - O(alcohol, ether)

2'6 = Q(Aldehydes, ketones)

0 - H (Alcohols, Phenols)

Hydrogen bonded

0-H(Carboxylicacids)
N - H (Amines)

C - N Amines

C =N Nitriles

- NO, Nitro

Here w = weak, m : medium, s = strong

r50G,t600

r000- 1300

r6t0- 1760

3600-3650

3200- 3400

2500 - 3000

3300 - J50O

r 130- 1360

2230-2260
1345- r3E5

w

s

s

w

s

w

m

w
w

s

43.2l.Important tips for interpreting I.R. spectrum :

l. Always place more reliance upon the negstive evidence.

Ex : Ifthere is no band at 1900 - 1600 cm'r, then the carboxyl >C = O group must he absent.

2. Vibrations occur in the rcgion above 1500 cm't, are most informative. So, always start from
higher frcqrcncy of-the spcctrum.

3.3600 - 32fi) cm{ : Appcamnce of bands in this region shows the presence of OH, -NH,, >NH
grcups, =C - H str. shows medium band near 3300 cm-r.

4. 3200 - 3000 cm'r : Appearance of bcnds in this region shows C - Hstr and Ar - H str. Sharp
bands of weak to medium intensities are observe-d.

5. 3000 - 2500 cm-r : The presence of bands in this region shows C - H str. from Methyl or
Methylcne groups, a very broad band shows - COOH and two weak bands (2720,2820) shows C - H str.
from - CHO.

6.2300 - 2t00 cm'r : The bands in this region shows alkyncs, cyanides. cyanates and isocyanates-

7. 1900 - f650 cm-r : Strong bands are due tc >C = O stnetching from Anhydrides, Esters,

Aldehydes, Ketones, Carboxylic acids. Amides, lmides and lactones.

E. f 600 - l(XX) cm't : This region is useful for confirmation ofNitro compounds, ethers and Alcohols.

For Aromatic rings, modium bands around | 600 cm'r | 580 cm'r and 1500 cm-r are observed.

9. Below l(Xl0 cn'r : This region is very uscful for identifring the type of substitution on the
aromatic ring.

i) Mono substitution,770 -730 cm-' strongband

ii) Mets disubstituted, 850 - 710 cm-r two medium bands.

iii) Ortho and para disubstituted. One band each. Para at higher wave number.

10. To distinguish intermolecular and intra molecular hydrogen bonding the spectra to be

taken at different concentrations.



Erempler: I

A = 3002 cm-r C -H Str. in CH,

B=2940 cm'r C - H Str

C=2256 cm'r C=N

D = 1440 9m'r C - H defi in Ct!
E=1370cm-rC-Hdef.

Ans.Alkyl nitrile CHr - C:N
ForAlkyl nitrile C =N shows band at}250 ama

ForAryl nitrile C=N shows band at 2230 cm-'

Isocyanides show band in the region on2200- 2075 cm-t

For Azo- compounds, N = N str. 1630 - I 570 cm .l.^ :
For Isoij,anates, C =N absorb in the region2275 - 2250 cm-l

2. Write various infrared bands for Toulene.

Toulene

Ar-HStr. -3030cm-'
C - H Str. in CH,2850 - 2960 cma

C = C Str. - 1600 cm'r - 1580 cm-r- 1460 cm-i

C - H Mono substituted Benzene 730 - 770 cmn

fi0

||l

?J'

li

ifiun t.i{lo

Alarreuubbercmn
l(,lJ(l t;t;?



3. Write various I.R. bands for l-Ilexyne

cHr-cHr-CHr-CHr-C =CH

l-Hexyne

=C - H Str. 3300 cm''

C - H Str. in CH, -2860 - 2950 cm''

C =C Str. - 2100 cm'l

C-Hbending -1465cm-l
4.IDeccribe variouS i.R. bands for 2-Hexene

Cq - CH, - CH,, - CH = CH - CH,

2- Hexene

=C-Hstr-3050cm'

C - H Str. in CH, -2860 - 2950 cm-'

C = C Str. -1680 cm'l

C - H bending -1465 cm-l

- CH = CH - (cis, trans) 700 - 970 cm''

5, How would I.R. spectrum of the following differ.

a) Acetone and Ethanol

cH3cocH3
C = O Str. l7l0 cm-'

cH3cH2oH
Hydrogen bonded -OH

3200 - 3600 cm-l

b) Acetic acid and

cH3cooH
c = o str. 1700 - 1725 cm-'

Hydrogen bonded - OH

2500 - 3000 cm'l

c) Ethanol and

cq cH2 oH
Primary - OH 1050 cm-l

Hydnrgen bonded - OH

3200 - 3600 om-l

Methanol

cH3oH
P - OH 1050 cm-l

Hydrogen bonded - OH

3200 - 3600 cm'l

dimethylether

cH3 o cH3

Alkyl ether ll00 cm'r C - O - C



unsatlriled Etlrcr.

CH,=CH-Cl{,-O-CH3
= cH sn 3010 - 3050 cm-'

Alkyl cther I lfi) cm'r C-O-C

c) 3- Chloro butanoic acid and Acctyl chtoride

cl.cHrcH, cHrcooH CH3 COCI

Saturated acid - COOH tfi) cm-r Acid chloride - COCI

1795 cm'l

6. A compound A hrs moloculrr fornuh CF.q fl gives I.R. absorption band at l77l cm-r. In
treetment with LM_., it gtver B which stoinr-LR band at 3330 cm't and 1050 cm-r, Write the
ctructurts forA and B.

l77l cm{ absorption band shows - COOH.

; Structure of A is C6{COOH.

c64cooH qHrcHrOH

3300 cm'' absorption band slrows hydrogen bonded - OH. 1050 cm'r absorption band shows
primary - OH.

:.Stnrcture A is Benzoic acid C6H'COOH

Sructurcs B is Bcnzyl Alcohol C6HpH2OH

7. How meny fundamentrl frequencice would you erpect in the r.R spectrum

CQ is a linear molecule

;. No. of fundamcntal vibrations = 3n - 5

(Wherc n = no. ofatoms) = 3 x 3 - 5 = 4

They are,

Symmetrical stretching. It is inactive.

Asymmetrical stretching. It is active.

Two bending vibrations. These are degencrate and appear as combination band.

Thus two bands at2349 cm-t and 667 cm{ are observed.

of CQ?

d) Ethyl Methyl Ketoneand

cHscH2cocHr
C = O Str. 1700 - 1725 em-t



4322. Comparison of IIV- visible end IR Spectnoscopy 3

S.no UV- Visible SPoctnoscoPy

l. The region isliom lG'800nm.

2. Thesenrdiationsarestrong.

3. Onlyunsaturatedandconjugated
groups absorb in this region-

Units:nnr

It shows broadabsorption bands.

It gives ideaabout the conjugated system. It givesideaabor*ttrenatureoffunctional
goupsinthemolecule.

432J. Model Qucstions :

l. What type of clranges will take place whcn an organic molecule absorpS UV and IR radiations?

2. What is meantby byTransitions? Exphin with suitable examples

3. Match the following Ut'aUsorption bands to the chromophores

a) 250 nm ( intense Peak )

b) 255 nrn ( medium intensitY )

c) 280 nm ( low intensitY )
,

4. Using Wood ward Fischer rules calculate '1ao for the compound ( CE), C = CHCOCI.

5. Give lR absorption bands for the following.

a) - Cl{O

b) >C ''' Q

c) -OH

d) -cooH
e) - C=C-
f) -NH.,

6. What is spectroscopy ? What are the advantages of using sp€ctroscopic methods? Give the
' principle of UV spectroscopy in brief. What wavelengths arc absorbed by the following groupe?

a) > C: -'C<

b)>C 

aa 
C=C<

ilc)-c C-

5. Usually exprcsed in terms ofWavelength. Usralty opressed in terms offrequencie

IR Spectr$c.opy

The regron is from 800 - 20,00ftun

These radiations are weak.'

All organic bonds and groups absorb
'inthisregion

Units: Cm-r.

It shows sharp peat$.6.

7.



7. How the following compounds are distinguished by their UV spectra ?
a) n - hexarre and 1.3,5 - lrexatriene.
b) Cyclohexane and benzene
c) Ethvl berrzene and styrene
d) Cis and trans .- stilenes.

8. How do you differenciate the foilowing in each pair using IR spectra ?a) Anilirre f'rorn n - methylaniline.
b) Acetaldehyde from ethanol
c) Acetone from acetylene
d) Acetonitrile from acetylene
e) PhCN and PhNCg' Explain the bathochromic shift and hypsochromic shift. write an account of the usefulness of
UV and lR spectroscopy in the structural determination of organic compounds with suitable
examples.

Dn S. Siva RamBabu M.sc., ph.It.
Reader & H.O.D.
Dept of chemistry,
J.K.C.,College, Guntur



UNff r: IV

Lesson - IV

STEREO CITEIVIISTRY OF CARBON. COMPOT]NDS

4.4.1. Molecular Representations :

Wedge, Fischer. Newman and Saw - horse formula. Isomerism - definition of homomers and iso'

mers. classification of isomers - constitutional and stereoisomers, definition and examples. constitutional

isomers - chain, functional, positional isomers and metamerism' Stereoisomers - enantiomers and

diastereomers, definitions and examples. conformational and configurational isomerism, definiton'

Eiantiomers :

Optical activity - wave nature of light, plane polarised.light, interaction with molecules, optical

rotation and specific roiation. chirar morecutJs - alfinitibn and criteria - absence of plane' centr€ and sn axis

of symmetry. Asymmetric and disymmetric molecules - examples of asymmetric molecules ( Glyceralde-

ivjiii;rri" acii; Rnitine ) and disymmetric molecules ( trans -l-2- dichloro cyclopropane ). Chiral centres

- definition, molecules wiih similar chiral carbons ( Tartaric acid ), defintion of mesomers' molecules with

dissimilar chirat carbons ( 2, 3 - dibrompentane ). Numbers of enantiomers and mesomers - calculation. D,L -

and &S configuration of asymmetric and disymmetric molecules, cahn- Ingold - prelog rules' Recemic

mixture, Rec im isation and Resol ution techniques'

I)iastereomers :

Definitiol. geometrical isomerism with reference to alkenes - cis, trans and E, Zf- Configuration.

4.4.2 MOLECULAR REPRBSENTATIONS :

Dashed - Wedged RePresentation :

Dashed - Wedged representations illustratethe structures of molecules in three dimensions. Drawing

the structures of threetimensional molecules on a two dimensional paper is difficult. For example a Tetra

hedron should look three dimensional. So, a short hand notation is used to simpliff three dimensional drawings

known as Dashed - Wedged line drawings.

In this representation Dashed lines (are used to) show the bonds that go backward, away from the

rcader.

Thick lines are usecl to slrow the bonds that come forward, towards the reader.

straight lines are used to show the bonds in the plane ofthe paper.



Er l. Mebrle molecule :

dashcd line the plnnc of
the pnper

towarrls the reader

Three - dimensional molecule Methane ( CH.y

2. Ethne molecule :

H1 .H\
u----r\c. '1:i' 

tH
/\ \-H

Three dimensional structure of Ethane (czHJ. As the number of chiral carbons in a molecule
incrcases, it becomes difficult to draw the structures in three dimension.

Fischer projection :

The Fischer projection is a standard way to project the three dimensional configuration of eachchiral carbon in a molecule. The Fiicher projecrion can bL written in the foltowing way.

Ex: l. Lactic acid CH3. CHOH. COOH.

co0H

I

Htr/t\;
S - I..rrr:trr: neicl

'l'hree climensional

;trojt'r'rion

- CFI, =

S - Lactic acid

Fischer projection

.,_..ri'A#,,""away from the . 
^



l. 'fhe molecule is written with its main carbon chain vertical and C, is at top.

2. The structure is flattend at chiral carbon to a plane surface.

3. The horizontal line at the chiral carbon r€pr€sent bonds that project forward.

4. The vertical line at chiral centre represent bonds that project backward.

Thus the Fischcr projection of S - Lactic acid indicates.

c00H

HO:IS-[l
I
a
I
a
I
a

:
airf
v--t

Illustraton :

lf two structural formula differ by odd number of interchanges, they are enantiomcrs. If by evcn

number they are identical.

Er:

Br
(l)

H

,tI)

c,,+.,"+Brc,
Br

(ilr)

Relation of structur€s (II) to (v) W.r.t G)

ct
(lvi

Structurc
Sequence of
inte rchange

N o.of
inte rchanges

Relation ship
w.r.t. (I)

II) H, B.r I (odd) enantiomer

III ) H,F I (odd) cnantiomer

IV) H.F ; Br, Cl 2(even) identical

v) H.. Br; Cl, F 2(even) identical



lt\,,.rH0
l"-

H - t:,
l"

HO_C'
I
I

H-(:,
I

H - ('..

- OFJ

H

_ C)rI

I
I

rll{"OH

HOHrC

common Fischer projection Modified Fischer projection

Advantage : It can not only be drawn.quickly, but it facilitates comparision of Stereo isomers easy.

NEWMAN PROJECTION :

Newman projections are usefur for drawing conformations.

l' The front carbon is iepresented by thrbe equally spaced lines coming together in .y, shape.
These three lines represent three bonds

nearer trr lhe ey'e

2' The back carbon is represented by a circle with th'ree equally spaced radial extensions. Thesb
thrce radial extensions repr€sent three bonds.

OH



"\

,:/

..'H

eL.
\,

SAWHORITE FORMULA :

Sawhorse formuli is used to specis conformation likeNewman projection.

ln Sawhorse representation the C - C bond is viewed side ways where as in Newman projection the

C - C bond is along ttre line of vision. In Sawhorse represeirtation C - C bond can be seen while in Newman
pojcction the C - C bond can not be seen.

Ex. Ethane molecule

Newman projection Sawhorse model
Eclipsed form of Ethane

Er: l. Ethane molecule

Three dimensioual
prrrju:lion furmttla

Staggend form ofethane
These are also called

Anti forms. More stable.

Nervman

Eclipsed forrn the Ethane

These are also called
Synforms. These qre less,s, tgble.

c=



Newman projer:tion Sawhorse model
Staggcred l'orm of Flthnng

4.43.ISOMERISM

The phenomenpn of different compounds having same motecular formula is called isomerism.

bomers :

lsomers are different compounds having same motecular formula.

Ex : Glucose and Fructose. They are having same molecular formula coH,roo.

Eonoucn :

Homomers are the identical representations ofthe same compound. The molecutar models ofthese
re,prcecntations ar€ superimposable.

At different times two molecules of the same compound occupy same position in space. They are
idcntical and called Homomes.

Ex: l,actic acid CH.CHOHCOOH.

Llrurr cqlL-oir Ho-t-H xcf-n
tl

Structures I and ll are Isomers. Stnrcture II -is the mirror image of structure I. They ar€ not
erycr imposable cal led Enantiomers.

Stnrctures I and lll are same. They are Homomers. When structure I is rotated by lE0o.
ttrusn||l lll is obtained.

cooH
I

-f-I
cHl

I
cHt

il
cooH

IU



Moleculcs with same molccular formula

Homomers Isomers

CLASSIFICATION OF ISOMERS

Isomers

Stereo Isomers
l. Enantiomers.

2.Diastereomers

I
I

Constinrtional I somers

l.Chain lsomers.

2.Functional lsomers

3.Positional lsomers
4. Metamers.

4.43.1. Iromers are two types.

l. Constitutional lsomers

l. Constitutional lsomens :

2. Stereo Isomers.

Isomers with different constitutions arE cailed constitutional lsomers, This phenomelon is called

stnrctural lsomerism.

Ex : Methyl Cyctopropane and Cyclobutane.

A-"", []
Chrinlsomers:

Isomers which differ in carbon chains are called chain lsomers. Such phenomenon is called

chain Isomerism.

Er: Butane CuH,n

n - Butane

i,*r - Butane

I

CH:

f CHx - QH, - CH, - C;H.,
Ia,H,ill 

,

- cH, - cH - ('lH,



Functional Isomens :

lsomers which differ in the nature of the functional group are called Functional lsomerc, Such
phenomenon is called Functional lsomerism.

f CH.,CH,CI{,CH, OH
c,H,,,() -{

I cl.l,,cl{z-o-cHzcI-L,

n - Butanol

Dietlryl ether.

Positional Isomers :

Isorqors which differ in the position of an atom or group are catled positional lsomers. Such
phenomenon h called position:lsomerism. Ex : Chloro- Butane C4HeCl

FcH.,- 
(:H, - CH, - CH"(:l

c,H'() -J
L CH., _ CH! _ CH _ CH.,

I - r:hlorollutant:

2 - chlorobutanc

I

cl

Metrmers :

lsomers which differ in the distribution of carbon atoms on either side of the functional group Ere
called Metamers.Such Phenomenon is catled Metamerism Ex : CoH,oO

p CH,CH,O0H'CH,

c,F,u0J
L 0H,OCH"CH2CH.

Diethyl ether

lvleth.yl prup.vl ulher

4.43.2. Stereo Isomers :

' Isomers with same conltitution which differ in speciatarnangement are catled Stereo
;Isomdrs.This phenomenon is called Stereo isomerism.

They are two types

l. Enantiomers

Enantiomers :

2. Diastereomers.

lsorners which are mirron irnages and'non -super impomble are called Enantiomers.



d- lactic acid

@oH
t'A\HO CrL H

l- lactic acid

cooH
l

H
i\c& oH

H,,C\ /Ctt^

,)'=cls

d- lactic acid rotates the plane of polarized light to right. It is a dextro isomer. /- lactic acid rotates
tho,plane.of polarized light. to left. lt is a leavo isomer. These two are mirror images and non -super
imposable. Hence they are enantiomerc. ,,

Diertereomers :

Stereo lsomers which are not enantiomers are called Diasiereo Isomers. They are not mirror
images.

Ex : Cis - 2 - butene and trans - 2 - butene

4,( f //H
)c=c'

H,/ \ffi,
Cis-2-butene irans -: 2,* butene

Conformetional and configurational Isomerism : 
,

' Stereo lsomerism can be ctassified into two types. Conformationat and Configurational lsomerism.

Conformstional Isomerism :

T$,fgqation of different easily interconvertible structures by rgtation about a single bond is called
conformational Isomerism. Such compounds aro called conformalions orconformers, These are, non - pupei
imposable. A single confonnation can not be physically separated because the enerry required for rotation
about a single bond is neglisible and different conformers are easily interconvprtible.

Ex : Conformers of Ethane

Steggercd form:'

In staggercd form the atomsdr the,tivo oarbons:dre as.farai possible. , These aie also'called Anti
forms.



Staggered fofm of Ethane

Eclipsed form :

In Eclipsed form atoms on the two carbons are as close as possible. These are also called synforms.
They are less stable.

d'n
llchpsed form of Ethane

Skew forms :

The infinite number of conformers existing between staggered and Eclipsed forms are called Skew
forms.

Conformers of n - Butane : Staggered form :

In staggered tbrm of n- Butane the Methyls are at an angle of 180o.



Eclipced form : ln Eclipsed form of n-butane tlre Methyls are at an angle of 0".

tsclipsed form of n - butane

Gouche forrfg : Partia$y staggered forms :

In partially staggered forms, the Methyls are at an pngle of'60".

H:

"-dY" 
i

tll . l .' :H'Cl":
H'C :

Partially staggered
These are minor irnages.

formsofn*butane"
enantrrrrners



;rdily Dc[f.Gd forur :

ln Frtirlly Eclipcod fonns the Mcfiylr rc lt rt rngle of 120".

Corftrnrbul bomerism :

Thc fmnrtion of different non - intcrponvortible structures by rotrtion rbout a singb bod is crllcd
coongrdonrl Isomcrism. Such compounds arc callod configurational iromcrs. Thcy arc non - $per
aF.

A ringle confrguration can be physically scparated bccausc they rrc firn - intsrconvcrtiblc.,

ll : l. Gorfturrtionel Isomen of Bnomochlorclluoro Mcthna CEBTFiCI :

cl
I

F-C-Br Br-
I

H

2. Configur:rtionel Isomen of Lactic scid JCHTCHOII COOH) ;

ct
I

c-F
I

H

H



4,44. OPTICAL ACTIVITY :

Thc phenomenon,of rotating thc plane of polariad light is cellod opticrl .ffiy. Tbmeour&
ahibiting this property are callcd optically active compounds. .

Thc compounds which hrvc simihr physical and clrcmical propcrtie lnd diltr urly h $Gir opthd
stivity rre cdled optical isonprsr This phcnomoron is called opticrl lsomcrign.

Ex : Lrctic acid. Tartaric acid.

Cordffior br optical sctivity:

Thc rcccssary and only sufficient, condition for a moleculc to show opticst dlvity ir drat the
teonretrical structure of the molecule should not sup€r impose on its mirror image.

Wbtr rrtrn of lflr:
U$t ie prcpagsted in all directions in the form of wsrc$: lt is en chcuomrynab,ndhio.lt,ir

rssociarod with electric and magnetic fields.

Thc vertical component of thc wave E indicates change in the strength of drc ctccfie frcld. Thc
horizontd cornponent of the wave H indicates change in the strength of the magnetic ficld.

Pbnc poblfo..l llglt :

An ordinary l ight vibracs in al l plancs at right irngles to the planc of progry6lon.' - i, :

Nicolgriem Pl,ene polarizad ti3bt
vih;ating in one
diroctiolr only.

x*A., lllil
Ordinnry lisht
Vitrroting in all
directions

Whcn light is passed thrurgfr r NiCol prism, the emergent beam vibrates only in onc dinction. This
tlTGof light which vibrarcs only in orrc plane. is called polarized light.

Irttnction with molecules:

A plane polarized light consi5ts of a right handed and a left hended circulerly polrizcd light.
Thorcfore it rcpresents a chiral environment. Becausc of op;osite chiralitics, tbo reyq cctrblish
diutcrpomeric retationship with any particular enantiomer and interoct differently. As e rpsutt thd
planc of polarization is rotated eithcr towands riglqt (efock,wisc) er towrrds,lcft (rnti.cfoc* *isc) by a
certain angle.



4.4.4.1. OPTICAL ROTATION : Derrru- rctrtory !

Substanqes whic.h rotate the plane of polarized light to right are called dextro rotatory.
indicatcd by d or (+).

It is

Polarized
lisht

Leavo- rotatory :

Polariser Optically active
sub6tt06€

Analyser dextro-
rotation

Substances which rotate thc plrne of polarized tight to left are called leavorotatory. It is indi-
cated by I or (-).

Polarized
light

Polariser Optically active
eubstance

Analyser leavc'-
rotation

On the basis of optical activity organic compounds are divided into three types.

l.I)ertno - rotatory : lt rotates the plane polarized light to right (dextro = right), d or (+) form

Et z d- Tartaric acid.

2. Leavo - rotatory : lr .. ' '^ +hA olane of polrrized light to left, (leavo = left). It is I or (-) form.

Er: /- Tantaric acid.

3.Optically inactive : The compounds do not rotate the plane polarized lignr ,.. -".:'directiorr.

Er : Meso - tartaric acid ,

4.4.4.2.Factors Elfecting .Optical rotetion :

The magnitude of optical rotation dgRends upbn the following factors.

l. Nature of the substance.

2. Concentration ofthe solution



3. Length of'the tube containing the solution

4. Nature of the solvent

5. Temperature ofthe solution

6. Wave length of the light used.

Specific rotation :

Specific rotation is defined as the observed rotation when polarized light is passed through I decimeter
ofthe solution having concentration of l grarn per milli litre.

specificroration lTlDt =ft
Where,

cu = Observed rotation

I - Length of the solution in decimeters. ( I decimeter = lOcmsj

C = No. of'grams of substance in I ml of the solution

D = The Sodium D line corrcsponding to 589 m p wave length

I : Temperaturc.

The sign (+) attached with the angle ofrotation indicabs rotation towards right and C) sigr indicates
rotation towards left.

Ex: IA )r.of g- glucose is +l l20.

4.4.5.,CHIRALITY :

On studying several optically active organic compounds it was found that chlral carbon or chiratity
is responsible for optical activity.

Chirelity:

Chirality is the property of a rnolecule being non - super imposable on its mirror image.

Chiral Carbon :

A carbon atom having four diffprent monovatent atoms or groups is called asymmetric or chiral
carbon.

In Greek, cheir = hand. Chirality means handedness. Thercrm chiral orchirality is used to a molecule
whoso mirror image is non - super imposable. It is responsible for optical aotivity.

Chirality was proposed by Kelvin. lt largeiy displaced the earlier term dissymetric and still earlier i
term asymmetric. However on account of their popularity they are still used.

Erplrnrtion:

The left hand of a person looks similar to his right hand. But the left hand gloue does not fit to his
right hand. The relation between two hands is that thcy are non - super.imposable mirror images of each



odrcr. Molecules having lelt hand and rigtrt hand formr rrc qlled chiral moloculcs. They are oprically active.

Ex: lactic acid .

u/N,_

l. Plane of symmetry.

2. Ccntne of symmetry.

3. Alternating axis of symmctr5r.

4. Simple axis of Symmerry.exccpt Cr.

Ex: CHO

I

*CHOH

I

,zir
HO GI. H

Lactic acid

These aI€ non : sup€r imposablc minor images. Chiral and opticdty givc.

Asymmetric Molecules : A motoculc is said to be asymmctric if it hs no elements of symmetry
cx@ 

iffi;'moteculedoes not possess eithcrofthe foltowing clenrcnts of slmn*y

c00H
I

c00H

c00H
I

*cHNH2

I

c00H

I
OCHOH

I

cH,oll clL c4
Glyceraldehyde Iactic acid Alanine



Erh molccule has two non - supcr irnpocrblo nirror lmrgs ttnrnr6. llrcy rrc chirel and
optbellyrrivc.

H,.4-* Eo/l:,

cE0

I

cH0
I
I
I

Gt

I

I

I

I

0oH
I

c00H
I

@oH
I

'1'li\Gl

non - supcr imposrblc mina innjnofGtyconlddrydc

non - supcr imposrblC milror imagas of Lactic rcid.

w./i-o re/f-*
Glcll

@oH
I

"/i\rnrc[t

. non * srfer impolrblc minor imrgcs ofAlmirp.

All molccules contain an infinity nunrbcrofCr rxcs.

Disynrmctric molecules : A molcculc ir lrll o bc dissymnrab if it hrr no eloment of r;moctry
cxccp simple axis of symmetry.

Adisymmetric moleculedoes not possrcirhcrofthc follrrrriajrhnrartr of synmcry.
'1. 

Pldne of symmetry.

2. Centre of symmetry

3. Alternating axis of symnrctry-

Er : Trans l. 2- dichloro cycloFoFrr.



clHHC]

non - super imposable nrirror images of trans 1,2'dichloro cyclopropane

Cis - 1'2 - dichloro cyclopropane :

I
a

Cis - 1.2- dichloro cyclopropane has plane or symmetry, it.is a Meso compound.

One fold atternating axis of symmetry corresponds to plane of symmetry. Two fold alternating axis
of symmetry coresponds to centre of symmetry. $o, a molecule that lacks alternating axis of symmetry is
called disymmetric. These are usually optical15,active.

Symmetry designations

'Term A lte rnating
axis Simple axis Optical activity

Symmetric P resent
May or may not be
prcsent

Inactive

Disymmetric Absent May or may not be
present

Usually aclive

Asymmetric Absent Absent Usually active

I
I
I
I

I
I



4.4.6. CHIRAL CENTRE :

A carbon atom containing four different monovalent atoms or groups is called chiral carbon or
chiralcentre.

Ex : Lactic acid

cooH

I

l\H/ | roH
c4

Explanation :

Ees are non - super imposable.

If'a molecule has only one chiral centre, it is always chiral. But molecules havingtwo or more chiral
centres may be chiral or achiral.

Thus the presence of chiral centre is rrot the criterion of chirality. The only thing is that the molecule
as a whole should be chiral.

4;4.6.1,'Cornpounds containing similar chiral carbons :

The no.of optical isomers in a molecule containing 'n' number of similar chiral carbon atoms is
always less than 2".

Ex: Tartaric acid COOH (CHOH), COOH.
COOH

I

I*CHOH '

I

TCHOH

I

cooH

No. of chiral carbons - 2 o

No. of possible optical isomers = 2n = 22= 4

But Tartaric acid has only three lsomers because it contains two similar chiral carbons.



CQCIH

l-
IF
n

cooH

-F---+--
moH

Miror images ane non - super imposable

Erertioucn:

Stereo lsomers wlrich are mirror imagcs of cagh other rnd non-supcr imposeble rrc called
enantiomers. They are optically rtctive. Structurcs lll ad lV arc minor lrnrgps ofeh othcr ild optically
active. Thcy are non-sup€r imposable. They are enantiomcrs. They arc not intcrconvertiblc by rotation
about carbon - carbon bond.

Meromcn :

Stereo isomers which are optically mactive duo to internal compensation are called Mesoisomers.
Thcy can not bc separated into two'optically active. forms ln these npleculcs the rotation of upper half of
tho molccule is cancelled by the rotation of lower half ofthe molcculc.

' 
Strucbr€s I and ll are inirror images ofeacir other and optically inactivc due to intcrnal cornpensation.

When onc of these lsomers {l or ll) is rotated through lE0o with the plane of the papcr, the socond one is

obtaincd. Hcncc these structunes ane idcntical.

Thus Tartaric acid has thrpe lsonr,ers only.

cooH
Iti-]- on

--L^rr
I
.coolr
I

lfirtor iinngoe ailo iflrp*r
cmll
Irrtr-T-- n
lH---+- OH
I
@H
il

HO

flo
H

H

iu,i$rable

ffr
It

ry



COOH oooH

94 1n-f-o | ","t* | B,

cJro I

I

oooH
(-) form

Pair of enan{omerr
u,

cH'
f " 

IBr--f-ll ItfH --T- Br i
c,}t,l
rrl

no | '" r | .o"
n-f on uo-{-n

H

H

cooH
1+y form

Reecmic modilicetion :

The mixture containing equimolar quantities ofdcxtro rnd leavo forrtrs is callcd Reccmic mixrure.
Equirnohr quantities of structures lll and lV form a rccemic mixture. Tt is optically inactive. tt shows zero
rotetion. tt can be separated into two optically active forms.

&62.Compounds containing dissimiler cbiral crrbon rtou:
The no. of optical isomers in a molecule conaining V numbci of differcnt chiral carbon atoms is

glvcn ry 2n. There wilt be 2n-r pairs of enantiomers md same numbcrof Racemic modifications.

Ex : 2, 3 - dibromo pentane CHr, CHBr CHBr CrHr.

It has two dissimilar chiral carbon atoms.

No. of optically active tsomers = 2n = 22 = 4

No. of enantiomeric pairs = 'rn't - 22't = 2 '.

moH

tvlesoform

cq

cfl'
v

Pair of enanitioqrerr



Enantiomers :

Stereo Isomers which are non - super imposable,minor images of each other and optically active
are called enantiomers. Structures I and Il (or) III and IV are two pairs of enantiomers,,

Diastereo Igomers :

Steneo isomers which are not mirror images of each other are called diastereo isomers.

Structures I and | | l are not mirror images of caah other. They are optically active. So, they are
diastereo isomers.

Similarly structures ll and tll (or) Il and IV (or) I and IV are also diastereo isomers.

Recemic modifications :

The mixtures containing equimolar quantities of dextro and leavo forms are called recemic mixtures.
They are optically inactive. They slrow zero rotation separated into two optically active forms.

Mixtures of equimolar quantities of I and Il (or) III and lV form nvo different Recemic modifications.

4.4.7. DL - Configuration (Or) Relative configuration :

Fischer arbitrarily proposed the following confrguration for dextro (+) - Glyceraldehyde and named
it as D - glyceraldehyde.

It(+) glyceraldehyde.

Atl lsomers prepared frorn o, 
"onverted 

into D- glyceraldehyde are named as D - Isomers whether
they are dextro or leavo rotatory.

Fischer arbitrarily proposed the following configuration for leavo (-) - glyceraldehyde and named it
as L - glyceraldehyde.

HO

cH,oH

L(-) glyceraldehyde

cH0

cHr0H

cH()



All Isomers prepared fiom or converted into lrglyceraldchyde are named as L - Isorirers whether
they are dextro or leavo rotatory.

Ex : I.nct.ic acitl
cooH

CHn
I)- [,at:t.ic trc:irl

CH"
1- l,actic acid

Lactic acid obtained frorn D1+)- glyceraldehyde was ass'igned D - configuration.

cHo cpoH
I il OxidEtion I Rcduc{ion

H-.C_OH___4H_C-pH .:r
I ii) PBr" IcH.roH CI\F
D(+) - glycoraldehydea

coo}l
l'

H-C- OH

I
CH't

D 'Isstic acid

Similarly Lactic acid obtained from L G) - glyceraldehyde was assigned L - configuration. .

Defects : l. lt is only a relative configuration.

2. The basic defect is that some times the same molecule may be related to both
D and L series.

J.lt is cumbersome to appty it to complicated molecules.

4.4.8.ABSOLUTE CONFIGURATION OR & S . CONFIGURATION :

R. S- configuration is an unambiguous systcm dovised by Cahn, Ingold and Prelog. It is based on the
actual three -dimensiona I lbrrnu Ia.

Sequence rules :

The order of priority of atoms or groups directly attached to the asymmetric centre is given by the
sequence rules.

cooH



I . Thc atom of highest atomic nuynber gets higlr€st priority and that of lowest atomic number gsts
lowest priority.

Ex : l>Br>Cl > F >. O> N > C > H.

2. tf two rtoms'attached to the asymmetric centre have same atomic number, then priority is givon
by comparirig ncxt atom in the group.

Ex: CH. CH-> CH.

3. A doubly bonded atom attached to the asymmetric centre is considered as two such atoms
attached.

Ex:>C=.O>-CH.OH

4. A triply bonded atom attached to the asymmetric centre is considered as three such atoms
ettachcd.

-C-N){':Q
In C r N, carbon is corrsidered as attached to three Nitrogen atoms where as in >C = O. carbon is

considcrcd es attached to two oxygen atoms.

.urflnot g[ configunrtbn :

Configuration of the rnolecule is represented by the projection formula such that least priority atom
orgnoup murt prcsent. on the lower vertical position .

R-Corfarntion:.

Ifdccrnring onder of priority is clock-wise. then the molecule is assigned R - configuration (Rectus
-right)

Ex : l.chlerno ctlranol. Priority order of the atoms is

cl>oH>Q,H,,>H.

- 
11)

CI

IIF}
R- Configualion

CH.ot

oHt?



S 3 @rfrgrration :

lf decreasing order of priority is anti clock wise, then the molecute is assigned S - configuration
(Siniscr= left).

S- Configuration

Hcre'lowest priority atom - H is present, on the lower vertical position.

Ex:2.2-chlonrhutane.

3

cFg

R-2-Chlorobutane

4'4;9. Roemisation :

S-2-Chlorobutane

Thc pnoccss of convercion of an optically activc compound into a reccmic mixture is called
rcccmisation



Ex : Lactic acid undergoes recemisation in the presence of a base.

_-/c\ -11- I -OH
c4,

d- Lactic acid

cooH
I

-/c \.Et | 'oH
cfl"

d - Latic acid

Er : lil&0(l0ll + 1-1 tt{4
Itete.mic acid Opticalty €ctiua hrs

Recemic mixture

Resolution :

The process of separation-of a recemic rnixture into d- and /- forms is cailed Resolution.

Resolution of Recemic 
""id. 

,

Resolution of recemic acids is carried with the help of optically active bases such as Brucine and
Strychnine.

Resolution of Recemic bases :

Resolution of recemic bases is carried out with the help of optically active acids such as Camphor
and Menthol derivatives

cooH
I
I

HO-C-OH
tlc-oH
I

CH.

Enolic form
COOH

ll

:rro1\n,
CH"

I - Latic acid

Flno0o t-lxo{r{

(-)B 0oo {-$M{i
Diastgrfl Isowr.

i) Ilu*innal

uf&lliratin

iil ltyeo$ir

ilirh HJB04

{+l BC00H HffiOH



Retention

The process in wh,iclr attackirrg groups takes the position of the leaving group is called retention.

Ex : L- Chlorosuccirric acid undergoes retention on hydrolysis with mild reagents like Ag,O.

Inversion:

The process in which attacking group takes any position other than that ofthp leaving group is called
inversion.

Walden inversion :

The conversion of c/- form of an optically active compound into A form and vice versa is called
Walden inversion.

Ex: /- Chloro sttccittic acid undergoes inversion on hydrolysis with strong reagents like KOH.

COOH

I Ag,o
cir-0-H

i retention
cq cooH

/ - Chloro succinic acid

COOH

I KOH
cl-c-H

I inversion
cH, COOH

/-r'lr loro srrer:irric acid

cooH
I

HO-C-H
I

cHrcooH
J - Malic acid

cooH
I

H-C-OH
I
I

cHrcooH
d - Merlic acicl

4.4.10. Recemic mixturcs :

The mixture contairring an equimolar quantities of dextro and leavo forms is called Recemic mixture.
It. shows zero rotation. lt can he resolved into two optically active forms.

By synthesis :

The synthesis of chiral compounds from symmetricalcompounds in the absence of optically active
agent always produce a lecc.nric nrixture.



cH(t-,

CN

I
(:- H
I
I

CH,

Acetaldehyde

4.4.11. Geometrical lsomerism :

l. Isomerism due to hindered rotation of a double bond is called Geometrical Isomerism.

Ex: 1.2 - Butane

CH,,\ ./CH, CH,\ 
-/H

,)r=ra, ,/ =r1.r,

c00H\ /,c00H c00H\ ,/H
*)*=*(,, ,,)=*(*n

o

tl

cN-

HO-

CN

I

+ H-C-0H
I

CH,

| - Lacto nitrile d- lacto nitrile

Geometrical Isomers of 2.Butene

2. Maleic ecid and fumaric acid :

. Maleic acid
less stable

These Isomers carr be separated.

Cis, trans - Configuration :

Cis - Isomers :

Fumaric acid
more stable



In Cis - lsomers similar'atoms or groups are present on the same side of the double bond.

gil -l- Butend

ln Cis -2 - butene the two Methy! groups are present on the same side of the double bond. It is
Cis - Configuration.

Cis- Isomer
Maleicacid

ln Maleicacid the two - COOH groups are present on the same side of the double bond. Hence it
is Cis- configuration.

Trsns - conliguration : In Trans -,lsomers similar atoms or groups are present on the opposite
sides ofthe double bond.

Ex:r't>="(

Tqans - 2- butene

' In Trans - 2 - butene the two Methyt groups are present on the opposite sides of the double bond.
ir turs configuration.

Trans - lsomer
Fumaric acid



In Fumaric acid the two carboxytic. acifs groups are present on the opposite sides of the double
bond. It is trans - iontiguration.

Stability : Cis ---lsomers are less sable while Trans -lsomers are more stable.

. Ex: At room tenrperature in the presence of HCI less stable Maleic acid converts into more
stable Fumaric acid.

*.... /coo|
c-
ll
t^

H 
- -cooH

Maleic acid
less stable

Dipolemoments :

cis - lsomers are unsymmetrical. They show definite dipolemoment.
Trans - lsomers are symmetrical. ... They show zero dipolemoment.

Debydration :

In Mateic acid both the.COOH groups are on the same side. tt easily forms anhydride.

t..' lcooH
c-

HCr > ll
Hooc -t-l{

Fumaric acid
more stable

On heating Fumaric acid converts into Maleic acid and forms anhydride.

tta'"oot

tl

tt'c-coon

Maleic acid

H... /cooH'c'
tlllr-/"\HOOC- -H

Furnaric acid

trans - isonrer
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ilP
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Maleicanhydride
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f^'

^. ii
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H'-\coott
Maleic acid

cis - isomer

t'"'"\

ll ,o

H'c. -c(
anhydride



Defect :

Cis, trans- nomenclature is failed when Alkenes have no identical substituents on the ends of the

doublebond

Ex: t -bronro- |-ichloropropene

Br* ,/CH.,'

)c= c(
cl/ \

4.4.12.B,r2 - Configuration :

To solve the problem of compounds containing no identical substituents on the ends of the double

bond. E, Z - configuration is introduced.

ln E, Z - nomenclature the order of priority of atoms or groups attached directly to the double
bondcd carbon atoms is given by sequence rules. For this Cahn - Ingold - Prelog convention for chiral
carbon atoms'is used.

Sequence rules :

l. The atorn of highest atomic number gets highest priority and that of the lowest atomic number
gets lowest priority.

Ex : l > Br> Cl > F>O> N >C> H.

2. lf two atoms attached to the double bonded carbon atom have same atomic number, then priority
is given by comparing next atom in the group.

Ex: CH. CH,- > CH.-

E - Isomer

tn E - lsomer tlre two atoms or groups of highest priority aie on the opposite sides of the double
bond.

In German, E "'Entegerl means opprnite:

Ex: I -bromo- l-clrloropropene

The ordei of priority is Br > Cl and CH3 > H.



tz'cl\n 
- n/'n""

,r,*/" 
-"\",.r,

E - | - bromo - | -chloropropene

Here the highest priority Br and CH.. are on the opposite sides of the doubte bond. Hence it is E-
configuration.

Z - Igomer :

In Z - Isomer the two atoms or'groups of highest priority are on the same side of the double bond.
In German, Z= Zusammen means 'together'.

4.4.13.

Z - | - bromo - I - chloro Propane

Model Questions :

I' What are enantiotners ? What are the necessary conditions for a compound to exhibit
errantiomerism ? illustrate with the help of a suitable example.

2. Write notes on diastereo isomers and mesoisomers giving example.

3. Explain optical isornerism with suiable examples.

4. Explain Walden inversion.

5. Write Fischer projection formula of D - glyceraldehyde , L- alanine and L- tartaric acid.

6. Write the configurations of

a) E- But 2-ene

b) Z- 2- clrloro but - 2 - ene

7. Explain resolution and recimisation with examples.

8. Write tlre optical isonrers of Tartaric acid,



10.

ll.
12.

t3.

14.

Assign R and S --corrfiguration to

a) glyceraldehyde

b)Amino Propionic acid

Explai n Racem isation and Asymmetric synthesis.

What are the sequence rules for determining absolute configuration ofoptically active molecule.

What is Chiral Centre ? Explain molecurles with similar chiral carbons and molecules with
dissimi lar Chiral Carbons.

Explain asymmetric and dissymmetric molecules with examples.

Define homomers and isomers. Explain conformational and configurational isomerism with
example.

Write about classification of isomers.

Dr. S. Siva Ram babu M.Sc., Ph.D.
Reader & H.O.D.
Dept of Chemistry,
J.K.C. College, Guntur.
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Lesson - V

THEORY OF SEMI MICRO QUALITTIiTIVE
ANALYSIS

4.5.1 :

Principles involved - solubility product, common ion effect, classification and reactions ofanions
classification seperation and reactions of cations into groups - group reagents.

4.5.2. Semimicro qualitative analysis :

Semimicro qualitative analysis is the systematic identification of the constituents of materials
using small amounts of I ml or 0.1g of the material.

Advantages :

l. Reduced consumption of chemicals

2. Saving oftime

3. Space required is also reduced.

4.5.3. Principles:

l. Solubility product.

2. Common ion effect.

l. Solubility product :

Solubility product is defined as the product of ionic concentrations of a sparingly soluble salt present
in a solution at a given temperature.

Derivation:

Let us consider the saturated solution of a sparingly soluble salt AB.

AB(s) + A.+B-

According to law of Mass Action,

KIABI = [A.][B].

At a given temperature [AB] is a constant in a saturated solution.



... K[AB] = K. = tA.l tBl

Where K, is called solubility constant.

Results

l. In a saturated solution solubility product and ionic product are equal.

2. When ionic product exceeds solubility product, the solution is supersaturated
and precipitation occurs.

3. When ionic product is less than solubility product. the solution is
rmsaturated and no "precipitation occurs.

2. Common ion effect :

The solubility of a sparingly soluble salt decreases in the preSence of another satt with comnron ion.
This effect is called common ion effect.

Ex : I . The solubility of soap decreases in the presence of NaCl due to the common ion Na*. So,
soap is precipitated due to common ion effect. It is called salting out of soap.

RCOONa ;:: RCOO'* Na*

Soap

NaCl ;:Na* * Cl-

Here the common ion is Na*

2. Ionisation of NH.OH decreases in the presenae of NH4CI due to the common ion NHo*

NH4OH i+ NH4.+ Afl

NH4'CI t'NHo*+ 91-

Here the common ion is NHo*

Applications of solubitity product :

Precipitation of II and IV group metals as sulphides :

Solubility product of II group metal sulphides is less than that of IV group metal sulphides.

a) In the presence of HCl, ionisation of HrS decreases due to common ion effect. Here
the common ion is H*.

HrS 
=+ 

2H*+S'2

HCI;:lH*+Cl'



.'. The ionic product is greater than the solubility pioduct of II group metal sulphides and less than
that of the IV group metal sulphides. Hence only II group metal sulphides are precipitated in the presence of
HCt.

b) In the presence of NI{.OH, OIl ions nemove H* ions.So, ionisat'ion of HrS increases.

Now ionic product, exceeds the solubility product of IV group metal sulphides also.

HrS + 2H-+ S'2

NH4OH 
=rNH.- 

* On

H-+OH G=FlrO

So,lV group metal sulphides are also precipitated in the presence of Ammonium hydroxide.

Precipitetion of III group metals as hylroxides :

Solubility product of III group metal hydroxides is less than that of lV, V and VI group metal
hydroxides.

ln the presence of Ammonium chloride, ionisation ofNHoOH decreases due to common ion effect.
Here the common ion is NHo*. 

r

' NH4OH i+ NH4.+AH

NH4CI i+ NH4.+CI

.'. Ionic product is greater than the solubility product of III group metal hydroxides and less than
that ofthe IV V and VI group metal hydroxides. Hence onty I I I group metal hydroxides are precipitated.

4.5.4 Classification and reactions of anions :

Anions are generally classified in the followingway.

l. Anions which evolve gases with dil. HCI

2. Anions which evolve gases with cone. HrSOo.

3.Anions which can be identified by other reactions like precipitation.

a) Anions whith evolve gases with dilute HCI :

This group is also known as carbonate group. This group includes carbonate. sulphide, sulphite,
nitrite and Acetate. When these ions are beated with dilute HCI the following gases are evolved.



Anion

Bcfone heating :

l.Carbonate (CO3-'?)

After heating :

2.Sulphide(S''z)

Anion

Before heating :

l. Chloride(Cl-)

Gas evolved

A colour less gas (COr) is

evolved with quick efferescence

Gas evolved

A colourless gas (HCl) is
evolved with pungent smell.

NqCOr+2HCl +2NaCl + tLO + CO, t
A colourless gas (HrS) is

evolved with rotten egg smell.

FeS+2HCl +FeClr+tlS f

l.Sulphite(SOr2 ) A colourless gas f^SO, is

evolved with pungent smell.

Na'SOr+2HCl + 2NaCl+HrO+ SO, f
4. Nitrite (NO r) Reddish brown.gas (NOr) is evolved.

NaNOr+HCl -+NaC|+HNO2

3HNO2.+O2 + HNO3+HrO+2NO2 t
5. Acetite ( C{COO-) Acetic acid vapours with smell of vinegar are evolved.

Pb(CI{3COO), + 2HCl +PbCl2 + 2CH3COOH
'-

b).dnions which evolve gases with concentrated IITSOI i

This group includes Chloride, Bromide, Iodide, Nitrate, Borate and organic acids (Acetate, Oxalate.
Tartrate). When these ions are treated with Cone. {SOn the following gases are evolved.

NaCl+FtSO4 -+ NaHSOo+HClt

2.Bromide (Br' ) Reddish brown vapours of
Bromine (Brr) are evolved.

2KBr + 3H2SQ+2KHSO4 + zHp+ SOa + Brrt

3.lodide I- Violet vapours of iodine (1,)

are evolved

8KI + 9H2Sq -'SKHSq+ 4H2O + HrS + 4tr,l



After heatlng :

4. Nitrate (NO'r) Reddish brown vapours of
Nitrogen dioxide (NO.) are evolved

4KN03 + 4H2SQ+ 4KHSq, + 2H20 +4Nez f + O,

5. Borate (BO3n) White fumes of,Boric acid

(HTBOJ are evolved

NqBoOr+ H'SQ + SHzO-+ +UrnOrl + NqSe
6. Oxalate (C20n'2) Colourless gases of CO and CO, are evolved. CO

burns with blue flam6.

cacroo + H2,sq -+ casQ + H2O + CO + CO' t
7. Tartrate ( CoH4 06 -2) The substance is chaned with burning sugar

smell CO and CQgases are evolved.

NarCollQ + HrSOo +NarSOn + 2C + CO + CO2 + 3H2O.

chaning

c). Anions which can be identified by precipitation reactions:

In regular course of analysis, precipitation tests are carried out by preparing sodium garbonate
extract.

Preparation of Sodium Carbonate extract :

The substance is mixed three times with pure Sodium Carbonate. It is boiled for 5 minutes after
adding distilled water and filtered. The filtrats is called Sodium Carbonate extrast. It'contains Anion as
soluble Sodium salt.

Identification with Nitric Acid and Silver Nitrate solution :

The Sodium Carbonate extract is acidified *irf, Ait. HN0,,and Silver nitrate solution is added in
excess. It is filtered.

Residue Filtrate

D White precipitate insoluble in dil. HNO' i) Dilurc ammonia is added drop by drop.
and soluble in NH, is formed - chloride Crimson red precipitate, is formed - Chromate

NaCl + AeNg, -+ AgCl | +NaNO, NqCtO.+2AgNO, + AgCrq + 2Nal\tO,

ii) Whitish yellow precipitate. insoluble in dil. ii) Yellow precipitate is formed - phosphate

HNO3 and soluble inNII, is formed -Bromide NqPO4+2AgNOr-+AgrPO.,J +2NaNO,

NaBr + Ag|.lO-+AgBtl + Nal.lol

rO Yellow precipitate, insoluble in dil.
HNO3 and insoluble in NH., is
formed - lodide.

iii) Chacolate brown precipitate is formed -
Arsenate
NqAsOo+3AgNQ
+ AgrAsOo I +3NaNO,



Identilication with IINO' and Ammonical AgNQsolution : (silver mirnor test)

The extract is acidified with dilute Nitric acid and neutralized with dilute NHrln another test tube
Ammonia is added drop by drop to silver nitrate solution till a precipitate formed is almost dissotve4 This
solution is added to the neutralized solution and warmed.

Silver mirror is formed - Tartrate.

Identilication with dilute HCI and BaCl, solution :

The extact is acidified with dilute HCI and BaCl, solution is added. It is filtered.

Filtrate

D It is cooled and neutralized with NH,

Yotlow precipitate insoluble in

acetic acid is formed - chlomate

Nq CrO. + BaClz -+BaCrOo + 2NaCl

d) Identificafion with Acetic acid and CaCl, solution:

The extract is acidified with acetic acid and CaCl, solution is added. A white precipitate is foimed -
Sulphate oroxalate.

Test foroxalate : The precipitate is heated with dil. 4SO. and few drops of dil. KMnQ solution
are added.

Permanganate colour is decolourised - oxalate.

CaCrOn+'HrSOo + (O) -+ CaSOi + 40 + 2CO2

Identification with Acetic acid and FeCL solution :

The exbact is acidified with Acetic acid and FeCl, solution is added. A whitish yeltow precipitate is
formed - phosphate.

NarPOo+FeClr + FePQ*L +3NaCl.

Identification with 4SO. and FeSQsolution : @rown ring test) :

The extract is acidified with dil. 4SOo and freshly prepared Ferrous sulphate solution is added.
Then Conc. H2SO1 is added slowly by the sides of thc test tube. A brown ring (Ferrous Nitrnso sulphate
tFe(NO)SQl is formed at the junction of the two layers - Nitrate.

6FeSOo + 2NaNO, + 5HrSQ +2NaHSOni ffer(SQ), + 2NO + 4H2O

FeSQ + NO -rFe(NO)SO.

Residue

i) A white precipitate insoluble

in excess HCI is formed - Sulphate

NarSQ + BaCl, +BaSQ J + 2NaCl.



4.5.5. Separation and reactions of cations in to groups :

Preparation of original solution : Original solution is prepared by dissolving the salt in water or
dilute hydrochloric acid either in cold or in hot.

Grcup Group reagent Identification of group
NO

I. Original solution + dil HCI Precipitate is forrned
I group present

U. Original Solution *
dil. HCI+ HrS gas.

III. OriginalSolution

+NH4C| + NH4OH

in excess.

CuSOo + HrS-+ CuS l, + HrSOo

cdcl2 + Hrs+ cdSs + H2so4

2 BiCl3 + 3HrS +BirSrl + 6HCl

PbCl, + HrS +PbSJ + 2HCl

2sbclr + 3H2S -+SbrSr.l, + 0HCl

AgNO3 + HCI + AgCl l,

Pb ( NO3), + 2 HCI -+ PbCl,

Precipitate is formed-
II group present.

Precipitate is formed

III group present.

Alcl, + 3NH4OH -+ At (OH)rJ

FeSOo + 2NH4OH { Fe (OH)'J

FeCl, + 3NH4OH -+ Fe (OH);l

CClr+3NH4OH + C(OH)'$

Identification of cation

'i

White - Silver- Ag+,
Mercurous Hg+ or Lead Pb*2

+ HNO,

J. + 2HNO3

Black - Mercuric mercury
Hg*3 Lead Pb*2 or Copper Cu*2.

Yellow - Cadmium Cd *2 or

Arsenic.

Brown - Bismuth Bi'

Orange - Antimony.sb*3 red.

White- Aluminium Al*3

Green - Chromium Cr*3

Light green - ferrous Fe*z

Brown - Feric Fe*3

+ 3 NH4CI

+ (NHo)rSOo

+ 3 NH4CI

+ 3 NH4CI



cocl, + HrS -r Cosl + 2Hct

NiSq HrS -r NiS J, + H2SO4

MnClr+HrS + IvInS0 +2HCl

ZnSQ + 4S -+ ZnSl, + qsq
V Origimlsolution Procipiarc is formed White - Barium, Ba*2,

+ NHr Cl + NH.OH V goup pt€s€nt . Strontium,,Sr*2orCalciumCa*2

+ ( I'IHJ, Cq

ry. Oginalsolution

+ NHpt+ NH.OH + tfs
gts

h,ecipitate is formed

IV glroup pr€sent

B lack - CobaltCO*2

orNickelNi*2
Flesh - Manganese Mn*2

White - Zinc Zn*z

Ammonium N Hj

Magnesium, Mg*'

Potasssium, K*

SodiumNa*

BaCl, + (NHJrCq

SrSQ + NHJ, Cq

cacl, + (NH.)rcO,

Vl group

-+ BaCQ l, + 2NH4CI

-+ SrCQl, + (NH.)2SO4

-+ cacorJ + 2NH4C!

VI. No Special rcagent

f.55.l.Idcnfificedon of Ammonlum (NHl) :

a) Thc salt is heatod with NaOH. A colourlcss gas Ammonia (NHr) with smell ofAmmonia is
evolved - Ammonium NH.*.

NHpt + NaOH + NaCt + 40 + NH, f
b) Thc salt is warmcd with NaOH and Ncsster's rcagent. Abrown preciptate is formed

AmmoniumNH.*

NHpl +4NaOH+! -'8":ItrlHg.+ (.*)"* .1, +3Nar + Nact + 4Kr + 3 Hro



4,5.6. Some Special tests :

l. Chronyl chloride test : 2

The chloride salt is heated with potassium dichromate salt and Conc. sulphuric acid. Re.d vapours of
chromyl chloride (CrOrClr) are evolved. An yellow precipitate of Lead chromate is formed when the
vapours are passed into Lead acetate solution.

4NaCl + KrCr,O, + 6HaSOo -+ ,4NaH Sq + 2KHSO4 + 2CfrzCl, f + 31119

2. Ammonium Molybdate Test :

The phosphate salt is heated with cone. Nitric acid and excess of Ammonium Molybdate. A canary
yellow precipitate of Ammonium phosphomolybdate is formed.

NaTHPO/ I2(NHJ, MoQ + 23HNO3 -+

(NH.), [PMOrrOJt + 2INHAO, + 2NaN0, + lzHz}

3.Ethyl Borate test :

The Borate salt is heated with few drops of Ethyl alcohol and Conc. Sulphuric acid. Ethyl borate
vapours are evolved. They burnt with green flame

NarB;O, + H2SO4 + 5H,O-+4H3BO3 + Narsq

H.Bor + 3c2H5oH -+ B(ocrHr), t + 3Hro

4. Copper turnings tests :

The Nitrate salt is heated with coppir turnings and Conc. sulphuric acid. Reddish brown vapours
ofNitrogen dioxide (NOJ are evolved

2NaNO, + HrSOo+ NarSOo + 2HNO3

Cu+4HNO,+Cu(NOr)r+2NOrf +2Hp : ,.

5. Manganese dioride test :

The salt is treated with Manganese dioxide and Conc. suiphuric acid.

a) Greenish yellow chlorine (C!r) gas is evolved.

2NaCl + MnOz + 3H2SO. + 2NaHSOo + MnSq + 2H2O+ Clrf
- b) Reddish brown vapours of Bromine (Br,) are evolved.

2KBr + MnO, + 3H2SO4 + 2KHSO4 + MnSQ+ 2HrO + Brrf

c) Viotet vapours of todine (lr) are evolved.

2KI + MnO, + 3H2SO4 + 2KHSO4 + NtnSOo+ 2H2O + 12t



6. Goldcn yellow rpengles test :

Potassium iodidi" solu.ron is added to the Lead salt solution. An yellow precipitate-oflcad lodide is
formed. It is dissolved in hot water and.cooled. Golden yellow spangles are formed.

Pb(NO3)2 + 2KI -+ PbIrJ + 2KNQ

c) Violet vapours of iodine (Ir) are evolved.

2KI + MnO, + 3HrSq-+ 2KHSq + MnSQ + 2H2C + I' t
7, Distinction between Ferrous an Ferric salts :

s.No Reagent Fenors salt (Fej Fenic Salt (Fe)

t. Potassium F errocyankle
sol$bn

Ligh bhrc precbturte Pnssian blue
precipitate

2.
Potassium Ferricyanide
sohrtbn

Deep bhn precipitate No precipitate

3.
Ammonium Thiodyanate
sohfbn No cobur Bbod red colour

4. Anmonb sohfibn Liglt green prdcipitate Brown Precipitate

E. Ash test:

A filter paper is dipped in the salt sotution and burnt to ash after adding a drop of cobalt nitrate
solution.

a)Aluminum salts gave Thenald's blue ash

CoO + Al2 03 -+Co (Al2O2)2

b)Zinc salts gave Rinmann's green ash.

CoO + ZnO+CoZne,

9. Flame test :

The salt is made into paste with cone. Hydrochloric acid on a watch glass. lt is introduced into non-
luminous flame by a platinum wire. The colour ofthe flame is observed.



Bluishgreen Coppcr

Brightgrccn Boron

Apple green Barium

Ffashes of green Zinc

Crimson red Sfiontium

Brick red

Lilacviolet

Calcium

Potassiirm.

The paste is made with Conc. HCI because chlorides are volatile salts.

4.5.6. Model Questions :

l. What are the principles invotved in semimiqo qualitativeAnalysis ?

2. Discuss the prccipiation of II nd group and IV group metal sulphides in qualitetive analysis.
3. Explain the chemistry involved in the test ofthe following.

a) Sulphate

b) Nickel
c) Phosphate
d) Ammanium

4. What is solubility prcduct ? What arp its applications in the qualiative analysis ?

5. Exphin
a) Chromyl Chloridctcst
b) brown ringtcst
c) golden sponglcstest
d) flame test :

6. What is sodium carbonrrc cxfact ? How docs it help in identifring the anions ? Why
potassium crrbonatc cunot bc used in ple of sodium carbonate?

Dr. S. Siva RrmBsbu, l!Lsc., PhJ.
Reader & H.O.D.
Deptof chemistry,
J.K.C.College, Guntur-
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SEMI MICRO QUALITATIVE ANALYSIS
Qualitative analysis deals with the analysis of quality of a.mixture or a salt in general.

Depending upon the amount'of sample used, qualitative analysis is classified into differe-nt types
namely macro analysis ( 0.1 - 1 gm or about 10 ml) ; semi mioro analysis ( O.O1 - 0.1 gm or about
1ml) ; micro - analysis ( 0.001 - 0.01 gm or about 0.1.m| ) and ultra - micro anatysiJ( |ess than
1mg). In semi micro analysis, greater speed fo analysis is achieved by using smaller quantities of
samples and saving of time in carrying out the operations like filtr:ation, washing, evaporation etc.

Test tubes of volume 4 ml - 8 ml should be used for performing the tests.

Droppers are to be used for handling the liquids during the analysis. In semi micro technique,
the precipitate is separated from a solution, by means of a bentrifuge. The precipitate particles
known as residue will settle at the bottom of the centrifuge tube. The supernatant liquid present
overthe residue is called the centrifugate. The centrifugate is removed from the residue by means
of a capillary tube.

REACTIONS OF ANIONS :

Reactions of Carbonite ( COi') t

Normal carbonates of onty Na'; K* and NHI are soluble in water.

EXPERIMENT

Dry Tests :

To a pinch ( 10mg) of the carbonate, few
drops of dil. Hcl is added, drop wise.

Na, CO. + 2HCl

a) A buring splinter is exposed to the gas.

b) The gas is passed into lime water.

a) The buring splinter is put out.

b) The lime water turned milky due to the for
mation of insoluble calcium carbonate.

CaCO..L + H2O

c) The solution again became colourless

White Precipitate of barium crbonate sol
in dil. HCI is formed.

Ca(OH),+ CO, ->
c)More of CO"gas is passed into the aUov{

milky solution. 
I

"i',"r3,l,l,l'o 
* 

"o'l-
To the solution of carbonate, few drops of lZ.
BaClrsolution is added. 

I

Na, CO, + BaCl, -+ BaCOTJ + 2NaCl

BaCO.+2HCl + BaCt"+H"O



Reactions of Ghloride ion ( CD :

EXPERINENT OBSERVATION

A Pincfi of the chloride salt is treated with
feuudrops of conc. H'SQ.

NaCl+ H.So. +
a) A glass rod dipped in NHpH solution is

exposed tothe gas.

1. Hydrogen chloride gas with pungent odour
evolved.

NaHSQ * ircrt

a) Dense white fumes of NHplare given

NH.OH + HGr

b) Aglass rod dipped inAgNO3 solu-
tion is exposed to the gas.

AgNO. + HCI

A small amount of the salt is mixed with
MnO, and few drops of Conc. H,SO. and
then heated.

NH.CI t + HrO

b) Awtrite curdy precipitate of AgClis formed

AgCl+ HNO3

Greenish yellow gas of chlorine Cl. with pun
gent smell is evolved.

+
I

I

+
2.

2NaCl + MnOz + 2HzSOr -+ NaHSO. + MnSQ + H2O +.Clzt

Orange red vapours of chromyl chloridr
(CrOrClr)are evolved.

A small quantity of the salt is mixed with an 13.
equal amount of potassium dichromate 

I

lKrCrrOr) crystals and few drops of 
I

conc.HrSO.and then warmed. 
I

4NaCl +[Cr.O, + 6HzSOr 2CrQrClrf + 2KHSOT+ 4NaHSOr+ 3HzO

The above vapours are passed through
NaOH solution and then lead acetate solu-
tion is added.

Yellow precipitate.of lead chromate is formed

CrQCl.+ 4NaOH -+ NarCrO;i 2NaCl + 2H"O

Na.CrO.+ (CH.COO)'Pb-+ PbCrO.+ 2CHTCOONa

Thesaltsolutionistreatedwithsilvernitrate 14. White curdy precipitate of silver chloride ir

solution. formed.



Reactions of Bromide ion ( Br) :

EXPERIMENT OBSERVAilON

2,

3.

lt

A small quantity of the salt is treated with
few drops of conc. H'SQ.

1. Reddish brown vapouni of bromine togethe
with hydrogen bromide gas are evolved. Thr
solution tumed reddish brown.

KBr+ H.SO. + KHSq+HBrf
2HBr+ HzSO. 1 2H.O+2SOz+Brrt

I

a) Aroddipped inA9NQsolution isexposed | "l 
Pale yellowprecipitate of Ag Bris formed

to the vapours.
AgNO, + HBr + AgBr .l + HNOg

A small quantity of the salt is mixed with 12. Orangeredvapoursof brominewithpungen
MnO, and few drops of Conc. HrSQ are I smellare evotved.
added and warmed 

I

The salt solution is treated with few drops of 
I S. Pale yetlow precipitate of AgBr is formed.AgNO.solution. 
I

I

KBr + AgNq -+ KNQ+ AgBr l,

The salt sblution is treated with few drops of le. A white precipitate of pbBr, is fonned rrhich
lead acetate solution. | ,r soluble in hot water.

I

2KBr + (C|-ICOO)3 Pb -+ PbBr, + 2(CH3COO)K

Thc salt solution is mixed with chldrine *a- lS.
ter and ferv ml of carbon tetra chloride and I
tten Ote rnixture is shaken well. 

I
I
I

Orange layer is formed, due to nc Oirsotul
tion of Br, in CCl.. 

I

2KBr+Cl, + 2KCl +81,



Reactions of lodide ion ( l-) : r

A small quantity of the salt is warmed with-
few drops of conc. H2SO1.

OBSERVATION

1. Hydiog.rn iodide gas and violet vapouls
iodine are evolved. Black sclid is formeci.

2KHSO4+ MnSOr + 2Hrtr + ir?

Yellow precipitate of Agl is formed whrch
insoluble in NH.OH and FiliO.

Kl+ HzSor + KHSo. + Hlt

2Hl + HrSo. -+ 2HrQ + so2 + l2t

A smail quantity of the salt is mixed with 12. Vioietvapoursof iodineareevolved.
MnO, and tew drops of Corrc. f irSO. are 

I
added and heated 

I

2Kl + MnSOo + 3HpO. -+

The salt sotution is treated with few rlrops of iS.
IAgNO. solution. 
i

i{
I
I

Kl + AgNO, + KNOg+ Agl J.

2Kl + Cl, ( water) -+ 2KCl + l.

Violet coloured CClo layer is formed

Reactions of Nitrate ion ( NO") :

The salt is heated in a dry test tue 1. Brown vapours of NO" are eroivcd in the
of nitrates of heavy metals like lead,

I etc. 
I

zPb ( NOJ2 + 2PbO+4NOz + Oz 
I

A small quantity of the salt is heated with few.l 2. Browh vapouri'of NO, are evolved. 
I

drops of conc.HrSOo I I

l,laN(}.+ H2SO1 -l NaHSOn+ H,NOi 
i

4HNO3 + 2HrO * Or* 4NO2 
I

A small quantity of the salt is mixed with cop- 13. Brown vapours of NQ" are evolved. The solu-l
per turnings and few drops of Conc. H2SO4 | tion turned to blue colour due to the formatiorl
and then heated' 

NaNo;+ H,so. 
l+ 

ftt 
trl83:i'ffi,'3. 

i

Cu + 4HNO. + Cu (NO3)2 + 2Noz+ zH,zo



Reactions of Borates ( Bd,-l :

OBSERVATION

To a small quantity the salt, few drops of
dill.HCl is added and warmed.

1. Acetic acid with the smell of vinegar is given

CH3COONa+ HCi +NaCl + CH.COOH

A small amount of the'salt is rubbed with t2. Srnellof vinegar is observed.
.xalic acid and few drops of water in arryatch

glass.

To a small amount of acetate salt, few drops
of conc. H'SQ is added and warmed.

3. Acetic acid vapour with smell of vinegar ii

CH3COONa +.H2SO4

2Cll3COONa + H2SO4

cl-i3coot-i I NaHSo,

2GH3COOH + NarSOo

gBSERVATION'

l sgalr qualtity of the satt is heated in 
" 

Ory
test tube. I

A small anrount of borate salt is heated with 
| 
2. , White tames of boric acid are evolved.conc.HrSOo 

I

Na.BoOr+ H,SQ + SHzO-+ 4H3BO3 +NarSOo

Ethyl borate test : A Pinch of the salt is ;3. A green edgeci flame is observed. Ethyl
heated with few drops of ethyl alcohol and I rate is forirred irr the reaction. '

few drops of Conc H2SO4 and the vapours
are exposed to the flame.

HaBO"+ 3C2O5OH -+ B(OCzHJ, * aHrO

Boron trifluoride test : The salt is mixed ;4. Green edged.flame due to the formation
with equal am.ount of calcium fluoride (CaF2)
and made'into a paste with few drops 6f
conc.HrSOo. This paste is taken on to a
glass rod and kept very close to the non lu-
minous flame near the base of the burner.

CaFr+ H'SO4

NarBlOr+ HzSO. -+
'BrOr+ 6gr

volatile boron trifluoride is observed.

-+ CaSOo+ 2HF

2B2Oo+NazSOr+ 2HzO

+ BF, + 3HrCr

Reactions of Acetate ( CH'CO-O) :



Ethyl acetab test : A small quantity of the
acetate salt is warmed with few drops of
conc.H2SO4 and few drops of ethyl alcohol
and then poured into a beakerfull of water.

Amylacetate test : To a smallquantity of the
acetate salt, few drcps of Conc. HrSO. few
drops of amylalcoholare added and uanned
and then, the mixture is poured into a bea-
kerfullof water.

Reactions of Sulphate ( SOf) :

Reactions of Oxalates ( CrOf) :

CH3COOH+ C2HpH -+ CHpOOC2H' + H2O

A fruity odour like that of an apple is obsered
This is due the formation of ethyl acetate.

Afturty odour like that of banana is
due to the formation of amyl acetate.

The salt solution is treated with BaCl, solu- I t. A White precipitate of BaSOo is formed.
tion. I

NarSO.+ BaCl,-+ BaSO, + 2 NaCl

The saltsolution istreated with lead "."t"i lz. n*nite precipitate of tead sulphate is
solution. I

NarSQ+ Pb ( CH3COO),+ PbSOI + 2 CHsGOONa

EXPERITENT OBSERVATION

A small quantity of the oxalate salt is heated I t. A mixture of CO and CO. gases are evotved
with few drops of Conc. H,SQ. I

NarCrQ+ H.SO. -+ NarSO. * HrCrO.

H2CrQ+ HrO+CO+CQ
A small quantityof the oxalate salt is mixed | 2. CO, gas with effervescence is evolved.
with MnO, and dil. H,SQ and warmed 

I

NarCrQ+ 2 H2SOf, + MnOzT NarSQ + MnSOr +2H2O + 2COt

Salt sotution is treated with CaCl. solution. le. A white crystalline precipitate of calcium ox

I alate is formed insoluble in acotb acid an<

I soluble in dil. H2SO1

NarCrO.+ CaClzT CaCrO. + 2 NaCl



Reections of Tartrate ( G.H.O|) :

Reactions of Phosphate ( POn)3-:

EXPERITENT OBSERVATION

,-

l

1.

2.

A small quantity of the salt is heated in a dry
test tube

A smallamount of the tartrate salt is heated
with few drops of Conc. HaSO4

Charring took place with the smell of
sugar.

Charring took place with the smell of
sugar.

burn

burn

H2qH1O6 -- x.fgr--;

The san solution is treated with silver nitrate 13.solution. 
I

The salt solution is treated with calcium .nfo- l+.
ride solution. I

- CaCl, + HrC.H.Ou +

To a few drops of salt solution, few mt of di- 15.
lute H'SO. and a very small amount of re- 

|
sorcinol are added and warmed. After cool- |

ing the solution fewdrops of Conc. HrSOo is 
I

added from the sides of the test tube. 
I

COr+CO+2C+3H2O

A white precipitate of silver tartrate is formed
soluble in dilute HNO3 and in ammonium hy
droxide.

A white precipitate of calcium tartrate ir
formed which is soluble in acetic acid.

2HCt + Ca (CoHooj J

A white precipitate of calcium tartrate ir
formed which is soluble in acetic acid. -

To a solution of phosphate, few drops of | 1. A canary yellow precipitate of ammoni
conc.HNo, and excess of ammonium moly I phosphomolybdate is formed.

BaClrsolution is added to the salt solution. lZ. White precipitate of secondary barium
phate, BaHPOo is formed. The precipitate i

soluble in dilute mineral acids and acetic acid
NarHPOo+ BaClr+ BaHPOo + 2NaCl

A few ml of magnesia mixture ( MgSOo + lS. A white crystalline precipitate of magnesi

$.cl + NH.OH ) is added to the salt solu- | ammonium phosphate is formed.
tion.

Na.HPo.+ MgSo.+NH4OH-+ MgNH.Po. J + Na.so. + Hzo

To the salt solution ferric chloride solution is | 4. A light yeltow precipitate of ferric

Na.HPQ+ FeCls? FePO. + 2NaCl + HCI



Reactions of Chromate ( CrOf ) :

EXPERIMENT OBSERVATION

A small quantity of the chromate salt is
heated with Conc. HCl.

The salt solution is treated with BaCl, solu-
tion.

KrCrO. + 2AgNOs'

The salt solution is treated with lead acetate
solution.

K.CrO.+ Pb ( CH3COO

A small amount of chromate salt is mixed
with equal amount of NaCl. The mixture is
then treated with few drops of Conc. H2SO4
and warmed gently.

[CrO. + BaClz.-

The salt solution is treated with A9NO. solu-
tion.

Green solution of chromic chloride is formed

Pale yellow precipitate of barium chromate is

formed.

BaCrOnf+2KCl

13. Scarlet or deep red precipitate of silver chro,

I mate is formed. The precipitate is soluble botf
in dilute HNO3 and NH.OH

+AgrCrOnJ+2KNOg

lq. yellowprecipitate of lead chromate is formed

I fne precipitate is insoluble in acetic acid.

'z$ PbCrOoJ+2CH3COOK

5. Reddish brown vapours of chromyl chloride
are evolved.

1.

2.



Wet Tests :

Pnparatlon of sodium carbonate extract :

To a smell quantity of the giyen mixture, thrice ib amount of anhydrous sodium carbonate
and few ml of distilled water are added, boiled and centrifuged. The centrifugate iS known as
sodium carbonate extract.

Test for halides : A small portion
of the sodium carbonate extract is
acidified with dil HNq and AgNe
solution is added.

Test for Nitrate - Brown ring test:
Asmallportion of the extract is acidL
fied with dil. H2SO4 and freshly pre-
pared fenous sulphate solution is
added. Then Conc. H'SQ is added
drop wise by keeping the test tube
in an inclined position.

Test for acetate : A small portion
of the extract is acidified with dil HCI
and the excess of acid is
neutralised by adding few drops of
ammonia. Excess of ammonia is
removed by heating and then, neu-
tral fenic chloride solution is added.

Test for oxalate :

a) A small portion of the extract is
acidified with dil CH.COOH and
few drops of CaCl, solution is
added.

b) To the above precipitate, few
drops of dil H,SO4 is added,
warmed and then few drops of
dilute KMnQ solution is added.

Awhite curdyprecipitate of AgCl
which is soluble in NH.OH and
insoluble in HNQ is formed.

A Pale yellonprecipitate of AgBr
which is sparingly soluble in

ryHpH and insoluble in HNQis
formed.

An yellow precipitate of Ag I

which is insoluble both in NH4OH
and HNO, is formed.

A brown ring ( FeSO..NO) is
formed at the junction of two lay-
ers.

Red coloured solution which on
boiling gives red precipitate.

Awhite precipitate of calcium ox-
alate is forned.

The KftInO. sotution is
decolourised.

Chloride, Cl

Bromide, gt

lodide is
confirmed.

Nitrate is
confirmed

Acetate is
confirmed

Oxalate is
confirrned



Test for Tartrate - Silver mirror
test: In a dean testtube, fewdrops
of AgNO. solution is taken. Then a
very dilute solution of ammonia is
added drop wise, till the precipitate
of silver oxide formed is nearly dis:
solved but not completely. Now few
drops of the sodium carbonate ex-
tract is added and then the test tube
is heated by placing in a beaker of
hot water.

Test for phosphate :

a) A small portion of the extract is
acidified with dil. H2SO4 and the
excess of acid is neutralised by
adding ammonia solution and
then solution of magnesia mixture
is added.

b) A small portion of the extract is
neutralised with acetic acid and
neutral ferric chloride solution is
added.

Test for sulphate : A small
of the extract is acidified with dil,
and'few drops of BaCl, solution
added.

A silver miror is formed on the
inner walls of the test tube.

Tartrate is
confinned.

white crystalline precipitate is
formed

Phosphate is
confirmed

Light yellow precipitate is formed

A white precipitate of BaSOo
which iS insoluble in Conc. HClis
formed.

Sulphate is
confirmed

Elimination of oxalates and tartrates :

These are eliminated by ignition of the mixture in a china dish for about twenty to thirty
minutes.The residue is cooled and digesteci with dil. HCI and centrifuged. The centrifugate is taken
as original solution and tested for cations using group analysis.

Elimination of Chromates :

The given mixture is taken in a china dish and boiled with conc. HCI untilthe solution is
perfectly green. The solution is diluted with water and taken as original solution forgroup analysis.

lf chromate is present as anion, chromium cation is identified in the third group as blue
preci"iab ofc r(o H l" in addition to the normaltwo cations present in the mixture.

Interfering anions - their Elimination :



Elimination of Phosphates :

lf phosphbte is present in the 'nixture, cation iron is to be tested in the solution from the
second group. The remaining part of the solution is treated with excess of NH.GI and NH.OH is

. added drop wise till the smell of ammonia is observed. Then it is neutralised with 6N acetic acid
and then neutral fenic chloride solution iS added drop wise till reddish brown precipitate is formed.
It is centrifused. The residue is tested for lll group cations and the centrifugate is tested for further
groups cations.

Alternative method :

. The cetrifugate from group ll is taken in a test tube and boiled to expel H2S gas. 1-2 drop of
Conc. HNO3 is added, boiled gently for 2 minutes. To this, few ml of distilled water, 2 drops of
.NH.CI solution and 2-3 drops of Zirconium. nitrate reagent are added, warmed on a water bath
for 2 minutes and centrifuged. Tested for completeness of the precipitate by adding a drop of
zirconium nitrate reagent tq the centrifugate. ( lf precipitate forms, centrifuge again and repeat the
prooess until the addition of one drop of the reagept to the centrifugate gives no precipitate). lf is
heated on a boiling water both and centrifuged.

Reactions of Cations :

Reactions of Group I Cations ( Pbr*, Hg*, Ag*) :

Reactions of lead ion ( Pb2*) :

EXPERIMENT OBSERVATION

I

2.

!.

The salt is dissolved in-q.1..11!O. and is lt. whiteprecipitateof pbCt.whichissotubteir
treated with few drops of dil. HCl. I ooiting water is formed. 

-

Pb (NOJ1+ 2HCl -+

The salt solution is treated with potassium 12.
iodide solution. 

I

I

Pb (NOJ, + 2Kl +
The salt solution is treated with potassium 13.
chromate solution. 

I

I

Pb (NOJ2 + [CrO. -)
I

Pbclr+ 2 HNOr

Yetlow precipitate of lead iodide is formed. The
precipitate is soluble in boiling water and or
sudden cooling Pbl, reappeared as golder
yellow spangles.

Pbl2J + 2 KNO.

Yellow precipitate of PbCrOo which is soluble
in HNO. is formed.

PbCrO. + 2 KNO.



Reactions of Group ll Cations :

Reactions of Group llA Cations - Copper group.

Reactions of Mercuric ion ( Hgr.) :

EXPERIMENT OBSERVATION

)

]

To thb.salt solution dil. Hcl is added. 
I t. No precipitate is formed.
I

The salt solution is treated with NHooH so- t2. white precipitate is formed.
lution. ,

HgCl, + NH.OH -+ (HgNHrCl) l + HCI + HzO

To the salt solution Kl solution is added. [S. Red precipitate of mercuric iodide which is

t soluble in excess of Kl is formed.
I

I

HgCl, + 2Kl-+ Hgl, J, + 2KCl

HgCl, + Kl-+ KHgl,

The salt solution is treated with stannous 
| +. White precipitate which finally changed to gral

chforice solutiol' 
en,^r r n-^. | - 

p:cipitate of Hg is formed'

SnCl, + 2HgClz -+ SnClo + ZHgzClz {
HgrCl, + SnClz -+SnClo + 2Hg-J

I

Reactions of Gupric ion ( Gu2*) :

The salt solution is treated with NaOH solu-
tion.

CuSOo + 2NaOH -+

To the salt solution NH.OH solution is added:

CttSOo + 2NH4OH +
Cu(CtH), + 4NH4OH +

HrS is passed through the salt solution.

CuSOo + HzS-+

The salt solution is treated with Potassium
ferro cyanide solution.

1. Pale blue precipitate of Cu (OH). which is
soluble in excess of NaOH is formed.

Ge(OH)rJ + NazSOo

2. Pale blue precipitate of Cu (OH), which
soluble in excess of NH.OH is formed.

Cu(OH)r.J, +(NHo)rSOo

Cu (NH. )4 (oHU + 4Hzo

le. Black precipitate of Cu S

CuSJ + H2SO4

EXPERIMENT OBSERVATION

2CuSOo + KoFe(CN)u-+Cu.I Fe(CN)u] J + 2_5rSOo



Reactions of Cadmium ion ( Cd2.) :

EXPERIMENT OBSERVATlON

To ihe salt solution NaOH sofution is added. 1. white precipitate of Cd (OH),

I

Reactions of Bismuth ion ( Bi3') :

OBSERVATION

formed

CdSO4 + 2NaOH+ CdOl-l)rJ, + NazSOo 
I

The salt solution is treated with NH.OH so- 12. white precipitate of Cd (OH)^,,ruhich is sof uOil

| '" 
elcess of NHIOH is forrled. 

I

CdSO4 + 2NH.OH -+ Cd(OH)r+(NF.l,)rSO ^ |--- -4 -' -' '4-' - ' --\-' 'r2 \' -' -4r2- - 4 
j

HrS is passed into the salt solution. la. y.".lll*,?1"-"ipitate of Cd S which is souble irlI i-ttto, is formed. i

I

CdSO4 + HzS->CdS .1, + H'SO4 
i

The salt solution is treated with NaOH solu-
tion.

Bi (Nq)3 + 3NH4OH

To the salt solution added dil. HCI and passed
HrS gas.

2Bi (NO3)3 + 3HzS +
To the salt solution excess of Kl soluticn is 13.

added. I

White precipitate of Bi(OH). whicfr is
soluble in excess of NH.OH is formed.
Bi(OH)r+ 3NH4NO3

Dark brown precipitate of BirS" rs formed

Bi2S3 J + 6HNO.

Black Bi l. precipitate i: formed v,'hrch gradu
ally changed to orange yellow coloured soli

:-i

2.

NaOH solution is added drop wise to stan-
nous chloride solution till the precipitate of
stannous hydroxide fromed is just dissolved.
The solution so formed is known as sodium
stannite solution. To this solution. bisrnuth
salt solution is added dropwise.

tion.
Bi (NO3)3 + 3Kl+ Bi13 J + 3KNOr

Bi l, + Kl+ K Bilo

SnCl, + 2NaOH + Sn(OH)r+ 2 NaCi

Sn(OH), + 2NaOH -+ Na,SnO z 
+ 2HrO

2Bi(OH)r+ Bi.O.+3H2O

4. A black white precipitate of bismuth !s formecj

_l

EXPERIMENT

+3NaaSnOa-+ 2Bi J _+ 3Na.,Sn(L



Reactions of Group llB Gations - Tin group.

Reactions of Arsenic ion ( As&) :

EXPERIMENT OBSERVATION

A.rQ is.dissotvedan T".gT.lld Hzs gas is I t. yeflow precipitate of Asrs. is formeJ.
passed in presence of dil. HCI , , - ' r

AS2O3 + 3HzS+ AS2S3 j + 3HrO

I

Reactions of Antimony ion ( Sbsl:

EXPERIiIENT OBSERVATION

HrS gas in passed intb the salt solution in 
i

presenoe of dil HCl. 
I.l

The antimoly chloride, SbCt3 is shaken with 
IHro 
I

SbCl3 + HzO a

1. Orange red precipitate of SbzS3 is formed.

2. Basic chloride of the rnetalis precipitated.: '

SbOCI J,+2HCl

Reections of Stannous ion :

EXPERIII,IENT OBSERVATION

H.S gas in passed into the stannous chlo-
ride solution in presence of dil HCl.

To the stannous salt solution, mercuric chlo-
ride solution is added.

Brown precipitate of Sn S is formed.

white precipitate of mercurous chloride ir
formed.

1.

2.



. Reactions of Group lll Gations :

Rstctions of Aluminium ion (Al&):

Reactions of Chromium ion ( Cf.) :

Reactions of ferric ion { Fe3') :

1.

2.

Dark brown pr:ecipitate is formed.

Deep blue precipitate is formed.

Deep blue precipitate is formed.

4. Blood red colouration is observed.

EXPERITE}IT OBSERVAIION

Itl.Otlsolutionbaddidtdthesaltsolutbin. I f . white geiatinous.precipitate of Al (OH)" irI formed.

Al Cl3 + 3NH1OH + Al (OH)rJ + 3NH4C1

NaOH solution is added to the salt solution. 
| 2. white gelatinous precipitate of Al (OH).whicl

| ffitj:ble 
in excess of NaoH solutionir

Al Cl. + 3NaOH -+ Al (OH). + 3 NaGl

Al (OH).+ 3 NaCl +Na AlOr+ 2Hr9

!!|Fe (CN)Jsolution is addedtothesalt so- 13. No precipitate is formed.
Mon. I

EXPERIMENT OBSERVATION

NHpH solution is added to the salt solutioin.

NaOH solution is added to the salt solution.

1. Green precipitate of Cr (OH). which i:

soluble in excess of NH.OH is formed.

2. Green precipitate of C(OH). soluble in exces:
of NaOH solution is formed.

NH.OH solution is addedtothe salt solutioin.

Potassium ferro cyanide solution is added
to the salt solution.

Potassium feni cyanide solution is added to
the salt solution;

To the salt solution, added ammonium thio-
cyanate solution.



Reactions of Group lV Cations :

Reactions otZinc ion ( Zn2*) :

Reactions of Manganese salt ( Mn2*) :

EXPERIiIENT OBSERVATION

1

2

3

I

A smallquantity of the salt is heated in a dry
test tube.

The salt solution is treated with NH.OH so- 
llution. 
I

I

Zn SQ + 2 NH.OH -

Zn (OH)"+ 4NH1OH -

Zn (OH)r+ 2 NaC

Potassium ferro cyanide solution is added 
I

to the salt solution. I

I

The salt solution is treated with excess of I
solid NH.CIand NH.OH solution is added till I
the smell of ammonia is observed. I

| 1. Yellow colourwhen hot and white when colr
is observe4

2. white precipitate of Zn(OH), is formed. Thr
precipitate is soluble in excess of NH.OI-
solution.

+ Zn (OH).+ (NH;), SOo

+ Zn(NH.)o (OH1r+ 4H2O

rH +NazZnOr+ 2;1rg

3, A white precipitate of Zinc ferro cyanide is

formed.

No precipitate is formed.

EXPERIiIENT OBSERVATION

The solution appeared pink in colour due tc
the formation of permanganic acid.

NH.OH solution is added to the 
""tt "otrt

Mn SQ + 2 NH.OH + Mn (OH)r+ (NHJ, Sq
A small amount of the salt is mixed with a
liftle amount 9f fbO, and few ml conc. HNO..
The mixture is boiled diluted and cooled. -

Reactions of Cobalt ion ( Co3.) :

The salt solution is treated with NaOH solu- | t. Blue precipitate of cobalt hydroxide is
tion.

.. Co (NO.)3 + 3 NaOH + 3Na NO.+Co1g11;.1

Solid NHoCland NH.OH solution areadded lZ. Btack precipetate of CoS is formed.
in excess to the salt solution and passed HrS I

OBSERVATION



Reactions of Nickel ion ( Ni2.) :

EXPERIMENT OBSERVATION

The salt solution is treated with NaOH solu- 
|

tion.

Ni SO1 + 2 NaOH '
Solid NH.CIand NH.OH solution are added 

I

in excess to the salt solution and passed HrS 
Ieas 
I

I

The salt solution is made alkaline with 
]

NHIOH and then added few drops of dim- 
;

ethylglyoxime. 
l

'1. Bluish green precipitate of Ni (OH). is formed

' Ni (OH), + NarSOo

2. Black precipitate of NiS is formed.

3. Scarlet red precipitate of nickel dimethyl
glyoxime is formed.

Reactions of Group V.Cations :

Reactions of Barium ion ( Ba2') :

Solid NHoCland NH.OH solution are added
in excess to the salt solution and then am-
monium carbonate solution is added.

White precipitate of barium carbonate
is soluble in acetic acid is formed.

NH.CI+ BaCOTJ

Yellow precipitate of BaCrOo is formed.
precipitate is insoluble in acetic acid.

BaCl, + (NH),CO, +
'The salt solution is treated wiht potassium 

12.
chromate solution. 

I

OBSERVATION

Reactions of Strontium ion ( Sr2.) :

EXPERIMENT OBSERVATION

Solid NHoCland NH.OH solution are added
in excess to the salt solution and then few
drops of ammonium carbonate solution are
added.

PotassiumChrbmate solution is added to the
salt solution.

Tothe salt solution ammonium oxalate solu-
tion is added.

1. White precipitate of strontium carbonate
which is soluble in acetic acid is formed.

2. Yellow precipitate of strontium chromate is

formed. lt is soluble in acetic acid.

3. White piecipitate of strontium oxalate is

formed: lt is soluble in acetic acid.



Reactions of Galcium ion ( Caz') :

EXPERIiIENT OBSERVATION

Solid NH.CIand NH.OHsoMion are added
in excess to the salt solution and then few
drops of ammonium carbonate solution are
added.

The salt solution is treated:with.potassium
chromate solution.

The salt solution is treated with ammonium
oxalate solution.

White precipitate of calcium carbonate ir
formed. lt is soluble in acetic acid.

No precipitate is formed.

A white precipitate of calcium oxalate i:
formed, The precipitate is soluble in acetir
acid.

1.

2.

Reactions of Group Vl Cations :

Reactions of Potassium ion ( K.) :

EXPERITUENT OBSERVATIOlI
1

2

I

Tartaric acid is added to the saturated solu-
tion of the salt and then scratched the walts
of the test tube with a glass rod.

Acetic acid and sodium cobalti nitrite solu-
tion are added to the salt solution.

Picric acid is added to the salt solution and
shaken well.

1. White crystalline precipitate of potassium tal
trate is formed.

2. Yellow precipitate of potassium cobaltinitritr
is formed.

3. . Yellow precipitate of potassium picrate ir
formed.

Reactions of Magnesium ion ( Mg..l :

NaoH solution is added to the salt solution. I l. white precipitate of magesium hydroxide i

MgSO. + 2NaOH -+ Mg (OH)rJ + NazSO.

solid NH.cland NH.oH solution are added 12. No precipitate is formed.
in excess to the salt solution. 

I
Ammonium carbonate solution is added to la. white precipitate of Mg co, is formed.
the salt solution and heated. I

M9SO. + (NH.)2CO.+Mg CO3J + (NH).SO 
4

Solid NH.CIand NH.OH solution are added
in excess to the salt solution.To the above
solution NarHPO. solution is added and
scratched the inner walls of the test tube with
a glass rod.

4. White crystalline precipitate is formed.



Reactions of Ammonium ion ( NHi):

A small quantity of the ammonium salt is | 1. Sublimation took place.
heated in a drytesttube.

A small quantr'ty of the salt is heeted u,ith 12. A colourless gas of NH3 with pungent smell
is evolved. A glass rod dipped in dil. HCI is
exposed to the gas. Dense white fumes of
NHrClare given out.

' NH. Cl + NaOH +NaCl +NH3+ HzO

NH.+ HCI -+ NHI Cl

To the salt solution NaOH solution is added.
Then Nessler's redgent is added in excess.

To the salt solution picric acid is added. .

Tartaric acid is added to the salt solution.

3. Reddish brown precipitate or colour acti
3HgO. Hg (NH.)rl is formed.

4. yellow precipitate of ammonium picrate i

2NH. Ql + Hp.H.Q -+ 2HCl + (NH.)2C.H.O6

formed.

5. White crystallinb precipitate of
tartrate is formed.
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EXPERITENT

Systematic semi micro qualitative analysis :

Blue

Pale green

Green

Pale Pink

Pink

Brown

Yellow

State

Odour

Solubility : A smallquantity of the
mixture is taken in a test tube and
solubility is tested in the folkrwing
order.

Action of heat : A small quantity
of the mixture is taken in a dry test
tube and heated.

Crystalline or amorphous

Vinegar smell .

Smell of ammonia

water ( cold or hot )

Dil. HCI ( cold or hot )
Conc. HQI ( cold or hot )

. Dil. HNO3 ( cold or hot )
Conc. HNO3 ( col or hot )

a) Waterdrops are formed on
the sides of the test tube
(water of crystallisation).

b) White sublimation is
formed.

c) Yellow when hot, white
when cold.

d) White when hot, blue when
cold.

e) Brown when hot, dark
brown when cold.

er) Brown when hot, yellow
when cold.

0 Colourless gas with smell
of ammonia is evolved.

Copper ( Cu")
Ferrous( Fez')

Nickel (Ni2') or some

Copper ( Cuzr). salts

Manganese (Mn2')

Cobalt ( Cot')
Ferric ( Fet')
Chromates

IVlay be acelAte

May be ammonium salt

May be hydrated salt

May beAmmonium ibn

Maybe Zinc

May be Copper

May be cadmium

May be lead

May be ammonium salt.



lhemrstr.l - Second

lT- EXPERTMENT

i-r- --il

Flarne test : A srnail quantity of
the mixture is made into a paste
inith Conc. HCI in a watch glass.
A smali ameuni cf the paste is
taken on the end of a glass rod
and rs irttrodrlced into the non lu-
rriinclus ftanre

Charcoal test :

A small quantity of the nrixture is
ffr)red with anhydrcns Na CO. in
the raticr 1'.? anl one or two drops
of water is added. The moist
mass is heated on the cavity of a
charcual usirrg blow pipe.

Few c.irops of cobalt nitrate solu-
tion is added and heatino the
mass is continued.

OBSERVATION

Reodish brown vapours or
NO, are evolved.

Substance charred with the
smeli of burnt sugar.

May be nitrate.

May be tartrate.

i
hIvl

I
I

I

I

I

I

I

I

I

v
I

4
I

I
I

I

I
I

Bluish green

Flashes of green

Apple green

Crimson red

Brick red

Lilac violet

White silvery mass

Red scaies

Gray metallic

Yellow when hot white when
cold'

orange when hot yeliow when
cold

Blue mass

Green

Pink

May be Copper

May be Zinc

May be Barium

iMay be strontium

May be calcium

May be Pctassiuni

May be Silver

May be Copper'

May be lron

May be Zinc

May be Lead

May be Alunrinium

May be Zinc

May be Magnesium

Action of dil. HCI : A smallquan-
tity of the mixture is treated with
dil. HClin cold and hot conditions.

a)

b)

Colourless gas of CO, with
quick effervascence is
evolved. The gas turned
lime water milky.

Virregar smell is observed
on heating.

Carbonate is present

May be acetate.

INFERENCE



EXPERIMENT INFERENCE

Action of Gonc. H.SOI in cold
condition : A small {uaniity of the
mixture is treated with Conc.
H2S04

Action of Conc. H2SO4 : in hot
condition : The above contents
are heated.

Action of Conc. H.SO. and
MnO, : To the mixture, conc
H.SO4 and solid MnO, are added
and heated.

Action of Gonc. H2SOI and cop-
per turnings : A snrall quantity
of the mixture is heated with
conc.H'SO. and copper turnings.

A colourless pungent
smelled gas (HCl) is
evolved with quick effer
vescence. The vapours
gave:dense white fumes of
NH4CI with a glass rod
dipped in NH.OH solution

, and also gavewhite precipi-
tate with a drop of AgNO3
solution taken on a glass
rod.

Reddish brown vapours of
bromine are evolved.

violet vapours of iodine are
evolved.

Reddish brown vapours of
NO, are evolved.

Vinegar smell like that of
acetic acid is observed.

Charring of the mixture with
burnt sugar smell is ob-
served.

White fumes of boric acid
are evolved

May be chloride.

May be bromide.

May be iodide.

May be nitrate

May be acetate

May be tartrate

May be borate

Greenish yellow gas of
chlorine is evolved. ,

Reddish brown vapor,'.: of
bromine are evolved.

violet vapours of iodine are
evolved.

Reddish brown vapours of
NO. are evolved.

May be chloride.

May be bromide.

May be iodide.

May be nitrate.



Chromyl chloride tert : A small
quantity of the mixture is heated
with few drops of Conc. H,SO.
and few crystals of potassium
dichromate.

Action of dil H.SO. and tlnQ:
A small amount of the mixture is
treated with MnO. and dil. H.SO.

Test for acetate : A smallquan-
tity of the mixture is rubbed wilh
oxalic acid and few drops of wa-
ter

Ethyl acetate test : A small
quantity of the mixture is heated
with Conc. H2SO4 and few drops
of ethyl alcoholand is poured into
a beaker full of water.

Arnyl acetate test : A small
quantity of the mixture is warmed
with Conc. H2SO4 ar:d few drops
of amylalcoholand is poured into
a beaker full of water.

Ethyl borate test : To a small
quantity of the mixture; few drops
of Conc. H?SO4 and ethylalcohol
are added and heated. The
vapours are then exposed to
flame.

Boron Trifluoride test : To a
small quantity of the mixture; few
drops of Corc. H2SO4 and cal-
cium fluoride are added and made
into a paste. The paste is then in-
troduced in the non luminous
flame with the help of a glass rod.

Red vapours of chromyl chlo-
ride ( CrO, Clr) are evolved.

The vapours are passed into
NaOH solution and then
aOdeO bad acetate solution.
Yellovv precipitate is formed.

A colourless gas of CO, with
quick effervescence is
evolved.

Smellof Vinegar is observed

Chloride is confirmed

May be oxalate.

Acetate

ABple smell due to ethyl ac-
etate is observed.

Acetate

Banana snrell due to forma-
tion of amyl acetate is ob-
serv-d.

Green edged flame is ob-
served

Acetate

Borate

Green edged flame is ob-
served

Borate is confirmed

il
I



Tod nor phoephete : To a small
quaffily d the mixture, feq drops
Cmc. HNq ard exess of am-
monium molybdate are added
arftheated

Tect fior tertrate : To the mbfitre,
fer drops of aqueouls resorcinol
sddion arid feur drops of conc.
H'SO. are added and warmed.

Toct fior Ghomate : To a small
quantity of the mixture, equal
amount of solid NaCl and few
drops of conc. H2SO. are added
and warmed.

Tert for Arnmonium radical
(lf H: | : To a smallquantityof the

mixture, NaOH solution is added
andheded.

Tcst with ilcssle/s rcagent .:

Asmallquantityof the mixture, is
dissolved inwater, added excess
of l,fessb/s reagent ard few rnl
of NaOll solutkrn.

Canary yellqr precipilate is
formed

Phosph?te

Chromate

May be ammonium salt

Ammonium
firmed.

A Uigffi ral colour b obsen€d Tartrde

Red vapours of cfiromyl cfilo-
ride are evohed. The vapours
gave yellow preciSlitrate with
lead acetate in NaOH solution

Colourless gas with smell
ammonia is observed:
The gas gave dense white
fumes with HClvapours.

Brown precipitate is fonned.



Wet Tests :

Preparation of sodium carbonate extract :

.To a small quantity of the given mixture, thrice its amount of anhydrous sodium carbonate
and few ml of distilled water are added, boiled and centrifuged. The centrifugate is known as
sodium carbonate extract.

Test for halides : A small portion
of the sodium carbonate extract is
acidified with dil HNO3 and AgNO.
solution is added.

Test for Nitrate - Brown ring tect:
A smallportion of the extract is acidl-
fied with dil. H2SO1 and freshly pre-
pa:'ed ferrous sulphate solution is
added. Then Conc. H2SO. is added
drop wise by keeping the test tube
in an inclined position.

Test for acetate : A small portion
of the extract is acidified with dil HCI
and the excess of acid is
neutralised by adding few drops of
ammonia. Excess of ammonia is
feffiOVer. -r l:ea::'-r and then, neu-
tral ferric chloride soauuv.. ,: . ''

Test for oxalate :

A small portion of the extract is
acidified with dil CHTCOOH and
few drops of CaCl, solution is
added.

To the above precipitate, few
drops of dil H.SO4 is added,
warmed and then few drops of
dilute KMnOo solution is added.

Awhite curdy precipitate of AgCl
which is soluble in NH.OH and
insoluble in HNO, is formed.

A Pale yellow precipitate of AgBr
which is sparingly soluble in
NH.OH and insoluble in HNO. is
formed.

An yellow precipitate of Ag I
which is insoluble both in NH4OH
and HNO, is formed.

A brown ring ( FeSO..NO) is
formed at the junction of two lay-
ers.

b)

Chloride, Cl

Bromide, g1

lodide, i

Nitrate is
confirmed.

c)

Red coloured solution which on
boiling gives red precipitate.

Acetate is
confirmed

a)

b)

Awhite piv-..,''^to
alate is formed.

The KMnOo solution is
decolourised.

Ovalate is
t r rfirmed

INFERENCE



Test for Tartrate - Silver mirror
test: In a clean testtube, fewdrops
of AgNO, solution is taken. Then a
very dilute solution of ammonia is
added drop wise, till the precipitate
of silver oxide formed is nearly dls-
solved but not completely. Now few
drops of the sodiirn{ Carbonate ex-
tract is added and then the test tube
is heated by placing in a beaker of
hot water.

Test for phosphate :

a) A small portion of the extract is
acidified with dil. H2SO4 and the
excess of acid is neutralised by
adding ammonia solution and
then solution of magnesia mixture
is added.

b) A small portion of the extract is
neutralised with acetic acid and
neutral ferric chloride solution is
added.

Test for sulphate : A small
of the extract is acidified w;th dil.HCl
and few drops of BaCl, solution is
added.

A silver mirror is formed on the
inner walls of the test tube.

Tartrate is
confirmed.

white crystalline precipitate is
formed

Phosphate is
confirmed

Light yellont precipitate is formed

A white precipitate of BaSOn
which i3 insoluble in Conc. HClis
fonned.

Sulphate is
confirmed

ldentification of Gations :

Preparation of original solution :

Original solution is prepared by dissolving a small quantity of the mixture in A solvent as
observed in solubility test.
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Systematic semi micro qualitative analysis of the given
mixture - | :

EXPERIMENT OBSERVATION INFERENCE

1 Colour

2 State

3 Odour

4 Solubility:A smallquantity of the
mixture is taken in a test tube and
solubility is tested in the following
order.

Action of heat : A small quantity
of the mixture is taken in a dry test
tube and heated.



Flame test : A small quantity of
the mixture is made into a paste
with Conc. HClin a watch glass.
A small amount of the paste b
taken on the end of a gass rod
and is introduced into the non lu-
minous flame.

Charcoal test:

A smallquantity of the mixture is
mixed with anhydrons NapO, in
the ratio 1 :2 andone ortwo drops
of water is added. The moist
mass is heated on the cavity of a
charcoal using blow pipe.

Fewdrops of cobalt nitrate solu-
tion is added and heating the
mass is continued.

Action of dil. HCI:Asmallquan-
tity of th*lhixture is treated with
dil. HClin cold and hot conditions.



INFERENCE

Action of Conc. H2SO. in cold
condition : A small quantity of the
mixture is treated with Conc.
H2SO.

Action of Gonc..HrSO. : in hot
condition : The atibve contents
are heated.

Action of Conc. H,SO. and
ilnO, : To the mixture, conc
H2SO. and solid MnO, are added
and heated.

Action of Gonc. H2SOIand cop-
per turnings : A srnall quantity
of the mixture is heated with
conc.HrSQ and copper turnings.



EXPERIMENT INFERENCE

Chromyl chloride test : A small
quantity of the mixture is heated
with few drops of Conc. H2SO4
and few crystals of potassium
dichromate

Action of dil H,SO4 and MnOr:
A small amount of the mixture is
treated with MnO, and dil. H2SO4

Test for acetate : A small quan-
tity of the mixture is rubbed with
oxalic acid and few drops of wa-
ter

Ethyl acetate test :A small quan-
tity of the mixture is heated with
Conc. H2SO4 and few drops of
ethyl alcohol and is poured into a
beaker full of water.

Amyl acetate test :Asmallquan-
tity of the mixture is warmed with
Conc. H2SO4 and few drops of
amylalcohol and is poured into a
beaker full of water.

Ethyl borate test : To a small
quantity of the mixture; few drops
of Conc. H"SO4 and ethylalcohol
are added and heated. The
vapours are then exposed to
flame



EXPERIMENT INFERENCE

Boron Trifluoride test : To a
small quantity oJ the mixture; few
drops of Conc. H,SO4 and cal-
cium fluoride are added and made
into a paste. The paste is then in-
troduced in the non luminous
flame with the help of a glass rod.

Test for phosphate : To a smal!
quantity of the mixture, few drops
Conc. HNO3 and excess of am-
monium molybdate are added
and heated

Test for tartrate : To the mixture,
few drops of aqueous resorcinol
solution and few drops of conc.
H2SO4 are added and warmed.

Test for Chomate : To a small
quantity of the mixture, equal
amount of solid NaCl and few
drops of conc. H2SO4 are added
and warmed.

Test for Ammonium radical
(N H; ) : To a small quantity of the
mixture, NaOH solution is added
and heated.

.T€st with Nessler's reageht :

A smallquantity of the mixtute, is
dissolved in water, added exceS5
of Nessler's reagent and few ml
of NaOH solution.



Wet Tests :

Preparation of sodium carbonate extract :

To a smallquantity of the given mixture, thrice its amognt of anhydrous sodium carbonate
and few ml of distilled water are added, boiled and centrifugeid. The centrifugate is known as
sodium carbonate extract.

EXPERIMENT OBSERVATION INFERENCE

1 Test for halides : A small portion
of the sodium carbonate extract is
acidified with dil HNO3 and AgNO.
solution is added.

2 Testfor Nitrate - Brown ring test:
A small portion of the extract is acidi-
fied with dil. H2SO4 and freshly pre-
pared ferrous sulphate solution is
added. Then Conc. H2SO4 is added
drop wise by keeping the test tube
in an inclined position.

3 Test for acetate : A small portion
of the extract is acidified with dil HCI
and the excess of acid is
neutralised by adding few drops of
ammonia. Excess of ammonia is
removed by heating and then, neu-
tral ferric chloride solution is added.

4 Test for oxalate :

a) A small portion of the extract is
acidified with dil CHTCOOH and
few drops of CaCl, solution is
added.

b) To the above precipitate, few
drops of dil H2SO4 is added,
warmed and then few drops of
dilute KMnO. solution is added.



Test for Tartrate - Silver mirror
test : In a clean test tube, few drops
of AgNOu solution is taken. Then a
very dilute solution of ammonia is
added drop wisq till the precipitate
of silver oxide formed is nearly dis-
solved but not completely. Now few
drops of the sodium carbonate ex-
tract is added and then the test tube
is heated by placing in a beaker of
hotwater.

Test for phosphate :

a) A small portion of the extract is
acidified with dil. HrSOo and the
ex@ss of acid is neutralised by
adding ammonia solution and
then solution of magnesia mixture
is added.

b) A small portion of the extract is
neutralised with acetic acid and
neutralfenic chloride solution is
added.

'fest for sulphate : A small portion
of the extract is acidified with dil.HCl
and few drops of BaCl. solution is
added.

GENERAL GROUP SEPARATION TABLE :



GROUP SEPABATION TABLE:

GROUP SEPARATION TABLE:

Report :

a)Anion :

JJ

i.'f ",



.E ffi-
systematic semi micro qualitative analysis of the given
mixture - ll :

EXP.ERtTETJT

Solubili$: A smallquantity of the
mixture is taken in a testtube and
solubility is tested in the following
order.

Action of heat : A small quantity
of the mixture is traken in a dry test
tube and heated.



Flame test : A small quantitY of
the mixture is made into a Paste
with Conc. HCI in a watcft glass.
A small amount of the paste:is
taken on the end of a glass rod
and is introduced into the non lu-
minous flame.

Gharcoal test:

A smallquantity of the mixture is
mixed with anhydrons NarCO, in
the ratio 1:2 andone orhro drcps
of water is added, The moist
mass is heated on the cavity of a
charcoal using blow pipe.

Fewdrops of cobalt nitrate solu-
tion is added and heating the
mass is c,ontinued.

Action of dil. HGI :Asmallquan-
tity of the mixture is treated with
dil. HCI in cpld and hot corditions.



EXPERIMENT bssERvRnoN INFERENCE

I Action of Gonc. H.SO. in cold
condition : A smalt {uaniity ottne
mixture is treated with Conc.
H2S04

Action of Gonc. H2SO. : in hot
condition : The above contents
are heated.

( Action of Conc. H'SO. and
MnO, : To the mixture, conc
H2SO4 and solid MnO, are added
and heated.

1 Action of Gonc. HrSQand cop-
per turnings : A small:quantity
of the mixture is heated with
conc. HrSOo and copper turnings.



Chromyl chloride test : A small
quantity of the mixture is heated
with few drops of Conc. H2SO1

and few crystals of ipotassiumdichromate. '

Action of dil H2SO1 and MnOr:
A small amount of the mixture is
treated with MnO, and dil. H'SO4

Test for acetate : A small quan-
tity of the mixture is rubbed with
oxalic acid and few drops of wa-
ter

Ethyl acehte test : A small quan-
tity of the ntixture is heated with
Conc. H,SO4 and few drops of
ethyl alcohol and is poured into a
beaker full of water.

Amyl acetate test : A small quan-
tity of the mixture is warmed with
Conc. H2SO4 and few drops of
amylalcohol and is poured into a
beaker full of water.

Ethyl borate test : To a small
quantity of the mixture; few drops
of Conc. H'SO4 and ethyl alcohol
are added and heated. The
vapours are then exposed to
flame.



EXPERIMENT INFERENCE

Boron Trifluoride test : To a
small quantity qf the mixture; few
drops of Conc. H2SO4 and cal.
dum fluoride are addedand made
into a paste. The paste is then in-
troduced in the non luminous
flame with the help of a glass rod.

Test for phosphate : To a small
quantity of the mixture, few drops
Conc. HNO; and excess of am-
monium molybdate are added
and heated

Test for tartrate : To the mixture,
few drops of aqueous resorcinol
solution and few drops of conc.
H'SQ are added and warmed.

Test for Ghomate : To a small
quantity of the mixture, equal
amount of solid NaCl and few
drops of conc. H2SO4 are added
and warmed.

Test for Ammonium radical
(NH; ): To a smallquantityof the
mixture, NaOH solution is added
and heated.

Test with Nessler's reagent :

A smali quantity of the mixture, is
dissolved in water, added excess
of ltessler's reagent and few ml
of NaOH solution.



Wet Tests :

Preparation of sodium carbonate extract :

To a small quantity of the given mixture, thrice its amount of anhydrous sodium carbonate

and few ml of distilled water arsadded, boiled and centrifuged. The centrifugate is known as

sodium carbonate extract.

EXPERIMENT OBSERVATION INFERENCE

1 Test for halides : A small Portion
of the sodium carbonate extract is
acidified with dil HNO3 and AgNO.
solution is added.

z Testfor Nitrate - Brown ring test:
A small portion of the extract is acidi-
fied with dil. H2SO4 and freshly pre-
pared ferrous sulphate solution is
added. Then Conc. H2SOI is added
drop wise by keeping the test tube
in an inclined position.

3 Test for acetate : A small portion
of the extract is acidified with dil HCI
and the excess of acid is
neutralised by adding few drops of
ammonia. Excess of ammonia is
removed by heating and then, neu-
tralferric chloride solution is added.

4 Test for oxalate :

a) A small portion of the extract is
acidified with dil CH.COOH and
few drops of CaCl, solution is
added.

b) To the above precipitate, few
drops of dil H.SO4 is added,
warmed and then few drops of
dilute KMnO. solution is added.



J Test for tartrate - Sitver rniri6?
test : In a dean test tube, fardopo
of AgNO. solution is taken. Then a
very dilute solution of ammonia is
added drop wise, till the precipitate
of silver oxide formed is nearly dis-
scilved but not cornfleteli. Now fevn
drops of the sodium carbonate ex-
tractis ad&d and then the testtube
is treated by placing in a beaker of
lptwater.

Testforphosphate :

a) A small portion of the extract is
acidified with dil. H'SQ ard ttre
excess of acid is neutralised by
adding ammonia solution and
tfpnsolution of magnesia mbdure
is added..

b) A small portion of the extract is
neukalised with acetic acid and
retdral fenic chlorkle solution is
added.

7 Test for sulphate : A small
of the extract is acidified with dil.
and few drops of BaCl solution is
added.

GEI,fERAL GROUP SEPARATTON TABLE :



GROUP SEPARANON TABLE:

GROUP SEPARATION TABLE:

Report:

a)Anion :

b) Cations :



systematic $emi micro qualitative analysis of :the:given
mixture - lll :

EXPERIilIENT OBSERVATION INFERENCE
1 Colour

2 State

3 Odour

4 Solubility :A small quanfity of the
mixture is taken in a test tube and
solubility is tested in the folloting
order.

Action of heat : A small quantity
of the mixture is tdken in a dry test
tube and heated.

'l

t_



EXPEtSIENTI , mSfmtXnOH I INFEREIIGE

6 Flame test : A'small quantitY of
the mixture is made into a Paste
with Gonc. HCI in a watdt glass'
A small amount of the Paste is
taken on the end of a glass rod

and is introduced into the non lu-
minous flame.

7

a

Gharcoal test:

A small quantity of ttre mixture is
mixed with anhydrons NarCO. in

the ratio 1'-2andone ortw-o droPs
of water is added. The moist
mass is heated on the cavitY of a
charcoal using blow pipe.

b Few drops of cobalt nitrate solu-
tion is added and heating the
mass is continued.

Action of dil. HGI :Asmailquan-
tity of the mixture is treated with
dil. HCI in cold and hot conditions.



Action of Conc. H'SO. in cold
condition : A small quantr'ty of the
mixture is treated with Conc.
H2S04

Action of Conc. H2SO. : in hot
condition : The above contents
are heated.

Action of Conc. HrSO. and
ilnO, : To the mixture, conc
H,SQ and solid MnO. are added
and heated.

Action of Conc. HrSe and cop-
per turninds : A small quantity
of the mlxture is heated with
copc. H,SQ and copper tumings.



INFERENCEEXPERIMENT

Ghromyl chloride test : A small
quantity of the mixture is heated
with few drops of Conc. H2SO4

and few crystals of potassium
dichromate.

Action of dil H2SO, and MnOr:
A small amount of the mixture is
treated with MnO, and dil. H'SO4

Test for acetate : A small quan-
tity of the mixture is rubbed with
oxalic acid and few drops of wa-
ter

Ethyl acetate test : A small quan-
tity of the mixture is heated with
Conc. H2SO4 and few droPs of
ethylalcoholand is Poured into a
beaker full of water.

Amyl acetate test : A small quan-

tity of the mixture is warmed with
Conc. H2SO4 and few droPs of
amylalcoholand is Poured into a
beaker full of water.

Ethyl borate test : To a small
quantity of the mixture; few droPs

of Conc. H2SO4 and ethYlalcohol
are added and heated. The
vapours are then exPosed to
flame.



EXPERIMENT
a

OBSERVATION INFERENCE

t8 Boron Trifluoride test : To a
smallquantity of the mixt0re;few
drops of Conc. H2SO4 and ca!-
cium fluoride are added and made
into a paste. The paste is then in-
troduced in the non luminous
flame with the help of a glass rod.

c Test for phosphate : To a small
quantityof the mixture, fewdrops
Conc. HNO3 and excess of am-
monium molybdate are added
and heated

lc Test for tartrate : To the mixture,
few drops of aqueous resorcinol
solution and few drops of conc.
H2SO4 are added and warmed.

11 Test for Chomate : To a small
quantity of the mixture, equal
amount of solid NaCl and few
drops of conc. H2SO4 are added
and warmed.

2t Test for Ammonium radical
(N Hl ) : To a small quantity of the
mixture, NaOH solution is added
and heated.

1r Test with Nessler's reagent :

A smallquantity of the mixture, is
dissolved in water, added excess
of Nessler's reagent and few ml
of NaOH solution.



Wet Tests :

Preparation of sodium carbonate extract :

To a small quantity of the given mixture, thrice its amount of anhydrous sodium carbonate
and few ml of distilled water are added, boiled and centrifuged. The centrifugate is known as
sodium carbonate extract.

EXPERIMENT OBSERVATION INFERENCE

1 Test for halides : A small portion
of the sodium carbonate extract is
acidified with dil HNOs'and AgNO,
solution is added.

2 Test for Nitrate - Brown ring test:
A small portion of the extract is acidi-
fied with dil. H2SOI and freshly pre-
pared ferrous sulphate solution is
added. Then Conc. H2SO4 is added
drop wise by keeping the test tube
in an inclined position.

3 Test for acetate : A small portion
of the extract is acidified with dil HCI
and the excess of acid is
neutralised by adding few drops of
ammonia. Excess of ammonia is
removed by heating and then, neu-
tralferric chloride solution is added.

4 Test for oxalate :

a) A small portion of the extract is
acidified with dil CH.COOH and
few drops of CaCl, solution is
added.

b) To the above precipitate, few
drops of dil H'SO4 is added,
warmed and then few drops of
dilute KMnO. solution is added.



3 Test for Tartrate - Silver mirror
test: In a clean testtube, fewdrops
of AgNO, solution is taken. Then a
very dilute solution of ammonia is
added drop wise, tillthe preeipitate
of silver oxide formed is nearly dis-
solved but not completely. Now few
drops of the sodium carbonate ex,
tract is added and then the test tube
is heated by placing irt a beaker of
hot water.

qw,Tli,
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6 Test for phosphate :

a) A small portion of the extract is
acidified with dil. H2SO4 and the
excess of acid is neutralised by
adding ammonia solution and
then solution of magnesia mixture
is added.

b) A small portion of the extract is
neutralised with acetic acid and
neutral ferric chloride solution is
added.
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7 Test for eulphate : A small portion
of the extract is acidified with dit.HCl
and few drops of BaCl, solution is
added.
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Systelhatic semi micro qualitative analysis of the given
,mixture - lV :

EXPERIiIENT OBSERVATION INFERENCE

1 Colour

2 State

3 Odour

4 Solubility : A small quantity of the
mixture is taken in a test tube and
solubility is tested in the folloring
order.

! Action of heat : A small quantity
of the mixture is taken in a dry test
tube and heated.

t

-.



INFERENCE

Flame test : A small quantity of
the mixture is made into a paste
with Conc. HCI in a watch glass.
A small amount of the pasile is
taken on the end of a glass rod
and is introduced into the non lu-
minous flame.

Gharcoaltest :

A small quantity of the mixture is
mixed with anhydrons NarCO. in
the ratio 1:2 and one ortwo drops
of water is added. The moist
mass is heated on the cavity of a
charcoal using blow pipe.

Few drops of cobalt nitrate solu-
tion is added and heating the
mass is continued.

Action of dil. HCI :Asmallquan-
tity of the mixture is treated with
dil. HCI in cold and hot conditions.



Action of Conc. H,SO. in cold
condition : A small {uan-trly of the
mixture is treated with Conc.
H2S04

Action of Conc. H2SO4 : in hot
condition : The above contents
are heated.

Action of Conc. H.SO. and
MnO. : To. the mixture, conc
H2SO4 and solid MnO, are added
and heated.

Action of Gonc. H'SQand cop-
per turnings : A small quantity
of the mixture is heated with
conc.HrSOo and copper turnings.



EXPERIMENT OBSERVATION INFERENCE

1t Chromyl chloride test : A small
quantity of the mixture is heated
with few drops of Conc. H2SO1

and few crystals of potassium
dichromate.

1 Action of dil H'SO. and MnO.:
A snrall amount of the mixture is
treated with MnO, and dil. H'SQ

lt Test for acetate : A small quan-
tity of the mixture is rubbed with
oxalic acid and few drops of wa-
ter

Ethyl acetate test : Asmallquan-
tity of the mixture is heated with
Conc. H2SO4 and few drops of
ethylalcohol and is poured into a
beaker full of water.

t( Amyl acetate test : Asmallquan-
tity of the mixture is warmed with
Conc. H2SO4 and few drops of
amylalcohol and is poured into a
beaker full of water.

Ethyl borate test : To a small
quantity of the mixture; few drops
of Conc. H2SO4 and ethylalcohol
are added and heated. The
vapours are then exposed to
flame.

a
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EXPERIMENT INFERENCE

Boron Trifluoride test : To a
smallquantity of the mixture; few
drops of Conc. H2SO4 and cal.
cium fluoride are added and made
into a paste. The paste is theniifri r.

troduced in the non luminous
flame witlrthe help of a glass rod,

Test for phosphate : To a small
quantity of the mixture, few drops
Conc. HNO3 and excess of am-
monium molybdate are added
and heated

: .. i':

Test for tartrate : To the mixture,
few drops of aqueous resorcinol
solution and few drops of conc,
H?SO4 are added and warmed.

Test for Chomate : To a small
quantity of the mixture, equal
amount of solid NaCl and few
drops of conc. H2SO4 are added
and warmed.

Test for Ammonium radical

(N H; ) : To a small quantity of the

mixture, NaOH solution is added
and heated.

Test ".,'iilr Nessler's reagent :

A small quantity of the mixture, is
dissolved in water, added excess
-{ Nessler's reagent and few ml.
of NaOH solution.



Wet Tests :

Preparation of sodium carbonate extract :

To a small quantity of the given mixture, thrice its amount of anhyilrous sodium carbonate
and few ml of distilled water are added, boiled and centrifuged. The centrifugate is known as
sodium carbonate extract.

EXPERiiliENT

Test for halides : A small portion
of the sodium carbonate extract is
acidified with dil HNO3 and A9NO.
solution is added.

Testfor Nitrate - Brown ring test:
A small portion of the extract is acidi-
fied with dil. H2SO4 and freshly pre-
pared ferrous sulphate solution is
added. Then Conc. H2SOI is added
drop wise by keeping the test tube
in an inclined position.

Test for acetate : A small portion
of the extract is acidified with dilHCl
and the excess of acid is
neutralised by adding few drops of
ammonia. Excess of ammonia is
removed by heating and then, neu-
tralferric chloride solution is added.

Test for oxalate :

a) A small portion of the extract is
acidified with dil CHTCOOH and
few drops of CaCl, solution is
added.

b) To the above precipitate, few
drops of dil H2SO1 is added,
warmed and then few drops of
dilute KMnO, solution is added.



5 Test for Tartrate - Silver mirror
test : In a clean test tube, few drops
of AgNO. solution is taken. Then a
very dilute solution of ammonia is
added drop wise, tillthe precipitate
of silver oxide formed is nearly dis-
solved but not completely. Now few
drops of the sodium carbonate ex-
tract is added and then thetest tube
is heated by placing in a beaker of
hot water.

rl ,

6 Test for phosphate :

a) A small portion of the extract is
acidified with dil. H2SO4 and the
excess of acid is neutralised by
adding ammonia solution and
then solution of magnesia mixture
is added.

b) A small portion of the extract is

neutralised with acetic acid and
neutral ferric chloride solution is
added.

7 Test for sulphate : A small Portion
of the extract is acidified with dil.HCl
and few drops of BaCl, solution is
added.

GENERAL GROUP SEPARATION TABLE :
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Report:

a) Arion : ................
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mixture - V

Solubility : A small quantity of the
mixture is taken in a test tube and
solubility is tested in the following
order.

Action of heat : A small quantity
of the mixture istaken in adrytest
tube and heated.
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Acffoa{fdti ff0t : A smalt quan-
tity oft*:*r*rturu is treated with
dil. HCI i*Sdd arrd hot conditions.
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EXPFRTi'rENT OBSERVATION INFERENCE

9 Ac{ion of Gonc. H2SO1 in cold
condition : A small quantitY of the
mixture is treated with Conc.
H2SOl

Action of Conc. H2SO. : in hot
condition : The above contents
are heated.

0 Action of Conc. HrSO. and
MnO. : To the mixture, conc
HrSO; and solid MnO, are added
and heated.

11 Action of Conc. HrSO.and coP'
per turnings : A small quantitY

of the mixture is heated with
conc. HrSOo and coPPer turnings'



EXPERIMENT TNFERENCE

Chromyl chloride test : A small
quantity of the mixture is heated
with few drops of Conc. H2SO1
and few crystals of potassium
.dichromate.

Action of dil H2SO1 and MnOr:
A small amount of the mixture is
treated with MnO, and dil. H2SO4

Test for acetate : ,{ small quan-
tity of the mixture is rubbed with
oxalic acid and few clrops of wa-
ter

Ethyl acetate test : A small quan-
tity of the mixture is heated with
Conc. H2SO4 and few drops of
ethylalcoholand is poured into a
beaker full of water.

Amyl acetate test : A smallquan-
tity of the mixture is warmed with
Conc. H2SO4 and few drops of
amylalcoholand is poured into a
beaker full of water.

Ethyl borate test : To a ;mall
quantity of the mixture; few drops
of Conc. H2SO4 and ethyl alcohol
are added and heated. The
vapours are then exposed to
flame.



EXPERIMENT OBSERVATION INFERENCE

tf Boron Trifluoride test : To a
smallquantity of the mixture;few
drops of Conc. H2SO4 and cal-
cium fluoride are added and made
into a paste. The paste is then in-
troduced, in the non lumincius
flame with the help of a glass rod.

ts Test for phosphate : To a small
quantity of the mixture, few drops
Conc. HNO3 and excess of am-
monium molybdate are added
and heated

t( Test for tartrate : To the mixture,
few drops of aqueous resorcinol
solution and few drops of conc.
H2SO4 are added and warmed.

,' Test for Chomate : To a small
quantity of the mixture, equal
amount of solid NaCl and few
drops of conc. H2SO4 are added
and warmed.

z1 Test for Ammonium radical
(N H;) : To a small quantity of.the

mixture, NaOH solution is added
and heated.

,. Test with Nessler's reagent i
A smallquantity of the mixture, is
dissolved in water, added excess
of Nessler's reagent and few ml
of NaOH solution.



Wet Tests :

Preparation of sodium carbonate extract :

To a small quaniity of the given mixture, thrice its amount of anhydrous sodium carbonate
and few ml of distilied water are added, boiled and centrifuged. The centrifugate is known as
sodium c*bonate extract.

EXPERIMENT OBSERVATION INFERENCE

1 Test for halides : A small portion
of the sodium carbonate extract is
acidified with dil HNO3 and AgNO.
solution is added.

2 Test for Nitrate - Brown ring test:
A small portion of the extract is acidi-
fied with dil. H2SO4 and freshly pre-
pared ferrous sulphate solution is
added. Then Conc. H,SQ is added
drop wise by keeping the test tube
in an inclined position.

3 Test for acetate : A small portion
of the extract is acidified with dil FlCl
and the excess of acid is
neutralised by adding few drops of
ammonia. Excess of ammonia is
removed by heating and then, neu-
tralferric chloride solution is added.

4 Test for oxalate :

a) A small portion of the extract is
acidified with dit CH.COOH and
few drops of CaCl, solution is
added.

b) To the above precipitate, few
drops of dil H2SO4 is added,
warmed and then few drops of
dilute KMnO, solution is added.



E Test for Tartrate - Silver mirror
test: In a clean test tube, fewdrops
of AgNO, solution is taken. Then a
very dilute solution of ammonia is
added drop wise, tillthe precipitate
of silver oxide formed is nearly dis-
solved but not completely. Now few
drops of the sodium carbonate ex-
tract is added and then the test tube
is heated by placing in a beaker of
hot water.

3 Test for phosphate :

a) A small portion of the extract is
acidified with dil. H2SO4 and the
excess of acid is neutralised by
'adding ammonia solution and
then solution of magnesia mixture
is added.

b) A small portion of the extract is
neutralised with acetic acid and

, neutralferric chloride solution is
added.

Test for sulphate : A small portion
of the extract is acidified with dil.HCl
and few drops of BaCl, solution is
added.

GENERAL GROUP SEPARATION TABLE :

;; 'i
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GROUP SEPARATION TABLE:

Report:

a) Anion :

b) Gations :



Systematic semi micro qualitative analysis of the given
mixture - Vl :

INFERENCE

State

Solubility : A small quantity of the
mixture is taken in a test tube and
solubility is tested in the following
order.

Action of heat : A small quantity
of the mixture is taken in a dry test
tube and heated.



EXPERIiIIENT OBSERVATION INFERENCE

€ Flame test : A small quantity of
the mixture is made into a paste
with Conc. HClin a watch glass.
A small amount of the paste is
taken on the end of a glass rod
and is introduced into the non lu-
minous flame.

7

a

Gharcoaltest:

A small quantity of the mixture is
mixed with anhydrons NarCO. in
the ratio 1 :2 and.one ortwo drops
of water is added. The moist
mass is heated on the cavity of a
charcoal using blow pipe.

b Few drops of cobalt nitrate solu-
tion is added and heating the
mass is continued.

€ Action of dil. HCI :Asmallquan-
tity of the mixture is treated with
dil. HClin cold and hot conditions.



EXPERIMENT OBSERVATION INFERENCE

9 Action of Conc. H'SQ in cold
condition : A small {uaniity of tne
mixture is treated with Conc.
H2S01

Action of Conc. H,SQ : in hot
condition : The above contents
are heated.

t( Action of Conc. H,SO. and
MnO, : To the mixture, conc
HrSQ. and solid MnO, are added
and heated.

1 Action of Conc. H.SQand cop-
per turnings : A small quantity
of the mixture is heated with
conc. HrSOo and copper turnings.



EXPERIMENT : OBSERVATION INFERENCE

Ghromyl chloride test : A small
quantity of the mixture is heated
with few drops of Conc. H,SQ
and few crystals of potassium
dichromate.

1 Action of dil H2SO. and MnOr:
A small amount of the mixture is
treated with MnO, and dil. H'SO4

lt Test for acetate : A small quan-
tity of the mixture is rubbed with
oxalic acid and few drops of wa-
ter

Ethyl acetate test :Asmallquan-
tity of the mixture is heated with
Conc. H2SO1 and few drops of
ethylalcoholand is poured into a
beaker full of water.

t( Amyl acetate test :Asmallquan-
tity of the mixture is warmed with
Conc. H2SO1 and few drops of
amylalcohol and is poured into a
beakerfullof water.

Ethyl borate test : To a small
quantity of the mixture; few drops
of Conc. H2SO4 and ethyl alcohol
are added and heated. The
vapours are then exposed to
flame.



EXPERIMENT, OBSERVATION INFERENCE

t Boron Trifluonde test : To a
smallquantity of the mixture; few
drops of Conc. H2SO4 and cal-
dum fluoride are added and made
into a paste!. The paste is then in-
troduced in the non luminous
flame with the help of a glass rod.

c Test for phosphate :. To a small
quantity of the mixture, few drops
Conc. HNO3 and excess of am-
monium molybdate are added
and heated

z( Test for tartrate : To the mixture,
few drops of aqueous resorcinol
solution and few drops of conc.
H2SO4 are added and warmed.

Test for Ghomate : To a small
quantity of the mixture, equal
amount of solid NaCl and few
drops of conc. H2SO4 are added
and warmed.

2t Test for Ammonium radical

(N H; ) : To a small quantity of the

mixture, NaOH solution is added
and heated.

ai Test with Nessler's reagent :

A stnall quantity of the mixture, is
dissolved in water, added excess
of Nessler's reagent and few ml
oi NaOH solution.



Wet Tests :

Preparation of sodium carbonate extract :

To a small quantity of the given mixture, thrice its amount of anhydrous sodium carbonate
and few ml of distilled water are added, boiled and centrifuged. The centrifugate is known as
sodium carbonate extract.

EXPERIMENT OBSERVATION INFERENCE

1 Test for halides : A small portion
of the sodium carbonate extract is
'acidified with dil HNO3 and AgNO,
solution is added-

2 Test for Nitrate - Brown ring test:
A small portion of the extract is acidi-
fied with dil. H2SO4 and freshly pre-
pared .ferrous sulphate solution is
added. Then Conc. H2SO4 is added
drop wise by keeping the test tube
in an inclined position.

3 Test for acetate : A small portion
of the extract is acidified with dil HCI
and the excess of acid is
neutralised by adding few drops of
ammonia. Excess of ammonia is
removed by heating and then, neu-
tralferric chloride solution is added.

4 Test for oxalate :

a) A small portion of the extract is
acidified with dil CH.COOH and
few drops ol CaCl, solution is
added.

b) To the above precipitate, few
drops of dil H2SO4 is added,
warmed and then few drops of
dilute KMnO, solution is added.



Test for Tartrate - Silver mirror
test : In a clean test tube, few drops
of AgNO, solution is taken. Then a
very dilute solution of ammonia is
ddded drop wise, tillthe precipitate
of silver oxide formed is nearly dis-
solved but not completely. Now few
drops of the sodium carbonate ex-
tract is added and then the test tube
is heated by placing in a beaker of
hot water.

Test for phosphate :

a) A small portion of the extract is
acidified with dil. HaSO4 and the
excess of acid is neutralised by
adding ammonia solution and
then solution of magnesia mixture
is added.

b) A small portion of the extract is
neutralised with acetic acid and
neutral ferric chloride solution is
added.

Test for sulphate : A small portion
of the extract is acidified with dil.HCl
and few drops of BaCl, solution is
added.

GENERAL GROUP SEPARATION TABLE :
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Preparation of Ammonium chloride
Ammonium chloride known as satt ammonia can be prepared by boiling the solution of

ammonium sulphate with sodium chlorjde.

( NHJ2 SOo + 2 NaCl +2NHoCl + NazSOo

Preparation :

5 gms of sodium chloride is dissolved in 50 ml of distilled water and the solution is
concentrated by heating.

6 gms of ammonium sulphate is dissolved in 50 ml of distilled water and the solution is
concentrated by heating.

Then the above two solutions are mixed slowly with constant stirring and then heated on a
water bath for 30 minutes. On cooling, the least soluble Na.SOo is crystallised. The mixture is
filtered and the solution is concentrated by heating in a china dish-. Then, a glass rod is dipped in
the solution and exposed to air. When crystals are formed on the glass rod, the heating is stopped
ano the china dish is cooled to room temperature. The crystals of ammonium chloridJ containing
NarSOo irnp,urity is taken into a dry china dish and 3 funnel is inverted over it. The tip of the runnJl
is closedqith cotton and the china dish is heated on a tripad stand. Ammonium chloride sublimed
and collected on the inner walls of the funnel. lt is then collected into a watch glass.

Preparation of Potash Alum
Potash alum ( K2SO4, A|2(SO4)3, 24HzO) is a double salt of potassium sulphate and

af uminium sulphate with 24 molecules of lvatei as water of crystallisation.

Potash alum is prepared in the laboratory by mixing hot saturated solutions of KrSOo and
A|2(SOJ3 and concentrating the solution.

Preparation :

5 gms of KrSoo is dissolved in 50 ml of distilled water and then concentrated the solution
in a china dish by heating. 20 gms of Alr(SO/. is dissolved in 50 ml of distilled water and 5mt of dit.

L2SOo 
is added to prevent hydrolysis of the satt. tre solution is concentrated oy heating in a china

dish.

25 ml of KrSOoand 25 mlof Alr(SO). solutions are mixed in a china dish and then heated
on a water bath for 30 minutes. A glass rod is dipped in the solution and exposed to air. When
crystals are formed, heating.is stopped and the solution is cooted. The solution is filtered and the
crystals of alum are dried first with dry fitter paper and finally dried in hot air over at 100'c. Alum
loses water of crystallisation at 200'c.

I



Preparation of Copper - ammonia cornplex

Preparation of Gupric ammine sulphate :

When ammonia is added to a cupric salt solution, a pale blue preoipitate of cupric hydroxide
first forms which then dissolves in excess of ammonium hydroxide to give an intense blue coloured
sdlution of a complex cupric ammine sulphate.

Cu SOo + 2NHTOH ;+ Cu(OH)2 + (NH4)2 SO4

I Cu (OH), + 4NH. =--[Cu(NH.)o] 
(OH),

The cupric ammine sulphate or tetra amine cupric sulphate which is insoluble in alcohol
can.be crystallised by changing the solvent from water to alcohol.

Preparation :

- 5 gms of hydrated cooper sulphate ( CuSOo. 5H2O ) 'crystals are dissolved in few ml of
water in a beaker. About 5 ml of dil. H2SO4 is added to prevent the hydrolysis of CuSOu. Now 1 :1

ammonia solution is added drop wise with constant stirring until the pale blue precipitate formed
just dissolves to give a deep blue solution. Then few drops of ammonia are added in excess to the
-btue 

solution. Now ethanol is added drop wise with constant stirring. This solution is now taken in
a china dish and heated on a water bath and reduced the volume to half. A glass rod dipped in the
solution and exposed to air. When the needle like crystals are formed, heating is stopped and the
solution is filtered using a Gooch crucible and then the crystals are washed with alcchol.

Nickel - DMG complex

Preparation of Nickel Dimethyl Glyoxime :

Dimethylglyoxime reacts with a solution of nickel salt in neutral or alkaiine mecjit*m to give

a bright red precipitate of nickeldimethyl glyoxime.

CH"-C=NOH
Ni2**2 " | ----->

CH"-C=NOH

Dimethyl glyoxime \ro /
Nickel Dimethyl glyoxime
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