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PREFACE

Chemistry, abranch of science concerned with the properties, structures
and composition of substancesand their reactionswith one another. Inorganic
Chemistry studies the preparation, properties and reactions of all chemical
elementsand their compounds, except those of carbon. Organic Chemistry studies
thereactions of carbon compounds, which are 100 timesmore numerousthan
nonorganicones. It also sudiesanimmensevariety of molecules, including those
of industrial compoundssuch asplastics, rubber, dyes, drugsand solvents. Physica
Chemistry ded swiththe Physical propertiesof substances, such astheir boiling
and mdting points.

Thepresent book isincluded for the students of higher secondary second
year. For convenience sakethistext book of chemistry ispublishedintwo volumes.
Thistext book iswritten after following therevised syllabus, keeping inview the
expectations of the National Council of Educational Research & Training
(NCERT). Thisbook will providean*inverted pyramid’ modd togainknowledge
inall branchesof chemistry. Thetopicssuch asAtomic Structure- I1, Periodic
Classfication- 11, Solid State- 11, Thermodynamics- 11, Chemica equilibrium -
I1, Chemical Kinetics- |1, Electrochemidtry - | and Il aredesigned in suchaway
that students should have a continuous access to these topics. Hence, the
knowledge gainedin higher secondary first year will hel pthe studentsto havea
continuous access to these topics. The knowledgegainedin+1 will help the
studentsto achieveexcelenceinthe path of quest for chemica knowledge. Many
problemsareintroduced ininorganic, physica and organic chemistry to enhance
the quantitative aptitude of students. The quantitative aptitude will enablethe
studentsto understand the conceptswell.

Theimportance of chemistry iswell known. A knowledge of chemistry
will help anybody to understand biology, natura processes, geochemical concepts,
pharmaceutical and biochemica concepts. Hencethistext book will enhancethe
imageof thestudentsin suchaway that they canfaceany competitiveexamination
infuture. The problemsinal branchesof chemistry and many moremechanisms
of organic chemical reactionswill help the studentsto understand the chemical
principles.

(iii)



Muchinformationsabout nobel laureatesaregiven. Theseinformations
isnot part of the syllabus. However, suchinformationwill help the studentsto
know alot about the scientists.

The questionsthat are given at the end of every chapter can betaken
only asmodel questions. A lot of salf evaluation questions, like, choosethe best
answer, one or two sentence answer type and short answer typesquestionsare
giveninal chapters. While preparing the examination, sudentsshould not restrict
themselves, only tothequestionsand problemsgivenintheself eva uation. They
must be prepared to answer the questionsand problemsfrom theentiretext.

L earning objectivesmay create an awarenessto understand each chapter.

Sufficient reference books are suggested so asto enablethe studentsto
acquiremoreinformations about the concept of chemistry.

Dr.V.BALASUBRAMANIAN
Chairperson

SyllabusRevison Committee (Chemistry)

& Higher Secondary Second Year Chemistry
Text Book Writing Committee
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Syllabus: Higher Secondary - Second Year Chemistry Volume- |
INORGANIC CHEMISTRY
Unit 1- Atomic Structure-I|

Dual properties of electrons - de-Broglie relation - Heisenberg's
uncertainty principle- Wave nature of an e ectron - Schrodinger wave equation
(only egquation, no derivation) - Eigen valuesand Eigen function- significance
only - molecular orbital method. Application to Homo diatomic and Hetero
diatomicmolecules- Metdlic Bond - Hybridization of atomic orbita sHybridization
involving s, pand d Orbitals- Typesof forces between molecules.

Unit 2- Periodic classification-1 |

Review of periodic properties- Cdculation of atomicradii - Calculation
of ionicradii - Method of determination of 1onisation potentia - Factorsaffecting
ionisation potentia - M ethod to determinetheeectron affinity - Factorsaffecting
EA - Various scaleson el ectro negativity vaues.

Unit 3- p - Block Elements- 1

Group -13 General trends - Potash alum- Preparation, Propertiesand
uses- Group 14 General trends- Silicates - Typesand structure - Silicones -
Structureand uses- Extraction of lead - Group - 15. Generd trends- Phosphorous
- Allotropesand extraction - Compounds of phosphorous- Group - 16. Generd
trends - H,SO, - Manufacture and properties. - Group - 17 General
characteristics. Physica and Chemical properties- Isolation of fluorineandits
properties- Interha ogen compounds Group-18 | nert gases- | solation, properties
and uses.

Unit4 d-BLOCK ELEMENTS

General characteristicsof d-block elements- First transition series -
Occurrence and principlesof extraction - chromium, copper and zinc - Alloys-
Second transition series- Occurrence and principles of extraction of silver -
Thirdtrangtion series- Compounds- K .Cr,O,, CuSO,5H,0, AgNO,, Hg,Cl.,
ZnCQO,, Purpleof cassius.

Unit 5-f-block elements
Generd characterigticsof f - block dementsand extraction - Comparison
of Lanthanidesand Actinides - Usesof |anthanides and actinides.
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Unit 6- Coordination Compoundsand Bio-coor dination Compounds

Anintroduction - Terminology in coordination chemistry - [lUPAC
nomenclature of mononuclear coordination compounds - Isomerism in
coordination compounds- Structural isomerism - Geometrical isomerismin
4 - coordinate, 6 —coordinate complexes- Theorieson coordination compounds
- Werner’ stheory (brief) - Valence Bond theory - Crystal field theory - Usesof
coordination compounds - Biocoordination compounds. Haemoglobin and

chlorophyll.

Unit 7 - Nuclear chemistry

Nuclear energy nuclear fisson and fusion - Radio carbon dating - Nuclear
reactionin sun - Usesof radioactiveisotopes.

PHYSICAL CHEMISTRY

Unit 8- Solid statel |

Typesof packing in crystals- X-Ray crystal structure- Typesof ionic
crystals- Imperfectionsin solids- Propertiesof crystalline solids- Amorphous
solid.

Unit 9- Thermodynamics- 11

Review of | law - Need for thell law of thermodynamics- Spontaneous
and non spontaneous processes - Entropy - Gibb'sfree energy - Freeenergy
changeand chemica equilibrium - Third law of thermodynamics.

Unit 10 - Chemical equilibrium 1
Applicationsof law of massaction - Le Chatlier’sprinciple.
Unit 11 - Chemical Kinetics-I|

First order reaction and pseudo first order reaction - Experimental
determination of first order reaction - method of determining order of reaction -
temperature dependence of rate constant - Simple and complex reactions.

Unit 12— SurfaceChemistry

Adsorption - Catalysis- Theory of catalysis- Colloids- Preparation of
colloids- Propertiesof colloids- Emulsions.
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Unit 13—Electrochemistry —|

Conductors, insulators and semi conductors - Theory of electrical
conductance- Theory of strong electrolytes- Faraday’slawsof electrolysis-
Specific resistance, specific conductance, equivalent and molar conductance -
Variation of conductancewith dilution - Kohlraush'slaw - lonic product of water,
pH and pOH - Buffer solutions- Use of pH values.

Unit 14—Electrochemistry - 11

Cdlls- Electrodesand electrode potentials- Construction of cell and
EMF - Corrosion anditspreventions- commercial production of chemicals-
Fud cdls.

Unit 15—1somerismin Organic Chemistry

Geometrical isomerism - Conformationsof cyclic compounds- Optical
isomerism- Optical activity - Chirality - Compoundscontaining chiral centres-
D-L and R-Snotation - Isomerismin benzene.

Unit 16 —Hydroxy Derivatives

Nomenclature of a cohols- Classification of alcohols- General methods
of preparation of primary acohols- PropertiesMethods of distinction between
threeclassesof alcohols1°, 2° and 3°) - Methods of preparation of dihydric
alcohols. (glycol) - Properties - Uses- Methods of preparation of trihydric
alcohols- Properties- Uses- Aromatic alcohols - Methods of preparation of
benzy! dcohol - Properties- Uses- Phenols- Manufacture of phenols- Properties
- Chemical properties- Usesof Phenols.

Unit 17 - Ethers

Ethers- General methods of preparation of aiphatic ethers- Properties
- Uses- Aromatic ethers- Preparation of anisole- Reactions of anisole- Uses.

Unit —18 Carbonyl Compounds

Nomenclature of carbonyl compounds- Comparison of aldehydesand
ketones - General methods of preparation of aldehydes - Properties - Uses
Aromatic aldehydes- Preparation of benzal dehyde- Properties- Uses- Ketones
- general methods of preparation of aliphatic ketones (acetone) - Properties-
Uses - Aromatic ketones - preparation of acetophenone- Properties- Uses-
preparation of benzophenone - Properties.
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Unit 19—CarboxylicAcids

Nomenclature- Preparation of aiphatic monocarboxyli cacids—formic
acid - Properties - Uses - Tests for carboxylic acid - Monohydroxy mono
carboxylic acids- Lactic acid— Sources- Synthesisof lactic acid - Aliphatic
dicarboxylicacids- preparation of dicarboxylic acids—oxaicand succinicacids
- Properties- Strengthsof carboxylic acids - Aromatic acids - Preparation of
benzoic acid - Properties- Uses- Preparation of salicylic acid - Properties-
Uses- Derivativesof carboxylic acids- Preparation of acid chloride—acety!
chloride(CH,COCI) - Preparation - Properties- Uses- Preparation of acetamide
- Properties- Preparation of acetic anhydride- Properties- Preparation of esters-
methyl acetate - Properties.

Unit - 20 Organic Nitrogen Compounds

Aliphatic nitro compounds- Preparation of aliphatic nitroalkanes-
Properties - Uses - Aromatic nitro compounds - Preparation - Properties -
Uses- Digtinction between aiphatic and aromatic nitro compounds- Amines-
Aliphatic amines - General methods of preparation - Properties- Distinction
between 1°, 2°, and 3° amines- Aromatic amines- Synthesisof benzylamine-
Properties - Aniline—preparation - Properties - Uses - Distinction between
aliphatic and aromatic amines- Aliphatic nitriles- Preparation - properties-
Uses- Diazoniumsdts- Preparation of benzenediazoniumchloride- Properties.

Unit 21 - Biomolecules

Carbohydrates - structural elucidation - Disaccharides and
polysaccharides- Proteins- Amino acids- structure of proteins- Nucleic acids
- Lipids.

Unit 22 - Chemistryin Action

Medicinal chemistry - Drug abuse - Dyes— classification and uses-
Cosmetics—creams, perfumes, talcum powder and deodorants- chemicalsin
food - Preservativesartificial sweetening agents, antioxidantsand ediblecolours
- Insect repellant — pheromones and sex attractants - Rocket fuels- Types of
polymers, preparation and uses.
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CHEMISTRY PRACTICALSFORSTD XI1

Detection of Nitrogen, Halogen and Sulphur in or ganic compounds.

Detection of Functional groupspresent in or ganic compounds.

a) Saturationand Unsaturation

b) Aromaticanddiphatic

c) Aldehydes, carboxylicacids, diamides, phenolic groups-(Nature
of any onefunctional groupisidentified)

Qualitativeanalysis

Determination of two cationsand two anionsinagiven mixture.
Cations. Pb*, Cu™, Al®¥, Fe*, Zn?*, Mn#, Ca™*, Ba&?*, Mg?", NH*
Anions: Borate, Sulphide, Sulphate, Carbonate, Nitrate, Chloride,
Bromide.

(Insolubleand interferingionsareto be excluded. Also, two cations of
the samegroup and anionsof thefollowing)

Combinations such as (Cl- + Br) and (CO,> + C,0,*) Should be
avoided.

Volumetricanalysis
a Permanganometry

1. Titration of OxalicacidVsKMnO,

2. Titration of ferrousammonium sulphate against KMnO, solution.
b) Dichrometry

1. Standardization of K Cr,O, solution.

2. Any oneestimation using K,Cr,O, asone of the oxidant.
Report should contain two acid radicalsand two basic radicals, without
mentioning thename of the sdlt.

Confirmatory testsshould be exhibited.

(iX)
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INORGANIC CHEMISTRY

In 1869, Russian Chemist Dmitry Mendeleyev develops the
periodic table of the element. As Newlands did before him in 1863,
Mendeleyev classifiesthe elements, according to their atomic weights
and noticesthat they exhibit recurring patternsor periods of properties.

(i)



1. ATOMIC STRUCTURE - Il

Learning Objectives

Py

To study the dual property of electron and understand the
property through experiments.

To derive the de-broglie relation and learn its significance.
To learn Heisenberg's uncertainty principle.

To study Molecular Orbital Theory and its application to
Homodiatomic and Heterodiatomic molecules.

To understand the concept of Hybridisation and Hybridisation of
s, p and dorbitals.
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

CHRONOLOGY OF ATOMIC STRUCTURE

Dalton(1808)

Julius Plucker (1859)
Goldstein(1886)

Sir.J.J Thomson(1897)

Rutherford(1891)

MaxPlanck(1901)
RobertMillikan(1909)
H.G.JMosely(1913)
NielsBohr(1913)
Clark Maxwell(1921)
de-Broglie(1923)
Pauli(1927)

Werner Heisenberg(1927) .
James Chadwick(1932)
Anderson(1932)
Fermi(1934)

Hideki Yukawa(1935)

Segre(1955)

Discovery of atom

. First discoverer of cathode rays

. Discovered anode rays and proton

Discovered electron and determined
charge/mass(e/m) ratio for electron

. Discovered nucleus and proposed

atomic moded

. Proposed quantum theory of radiation

Determined charge of an electron

. Discovered atomic number
. Proposed a new model of atom
. Electromagnetic wave theory

Established wave nature of particles
Discovery of neutrino
Uncertainty Principle

Discovery of neutron

. Discovery of positron

Discovered antineutrino
Discovered mesons

Discovered antiproton

Cork and Association(1956) : Discovered antineutron



Progressof Atomic Models

>

In 1803, John Daton, proposed hisatomic theory. He suggested that atoms
wereindivisblesolid spheres.

J.J.Thomson proposed that an atom wasasolid sphere of positively charged
material and negatively charged particles, electronswereembedded init
likethe seedsin aguavafruit. But later thisconcept was proved wrong.

Rutherford suggested the planetary model, but thismodel wasrejected.

In 1913, NeilsBohr proposed that el ectronsrevol ve around the nucleusin
adefiniteorbit with aparticul ar energy. Based on thefacts obtained from
spectraof hydrogen atom, heintroduced the concept of energy levels of
atom.

In 1916 Sommerfeld modified Bohr’smodd by introducing liptica orbits
for electron path. He defined sub energy levelsfor every mgjor energy level
predicted by Bohr.

The concept of Quantum numberswasintroduced to distinguish theorbital
onthebasisof their size, shape and orientationin space by using principal,,
azimutha , magnetic and spin quantum numbers.

From the study of guantum numbers, variousrules are put forward for
filling of dectronsin variousorbitalsby following

* Aufbauprinciple
* Pauli exclusonprincipleand
* Hundsruleof maximummultiplicity.

In 1921 Burry and Bohr gave aschemefor thearrangement of electronsin
an atom. Further the nature of eectron (s) isstudied.



1.1 DUAL PROPERTY OF ANELECTRON

In caseof light, some phenomenalikeinterference, diffraction etc., canbe
explained if light issupposed to havewave character. However certain other
phenomenasuch asblack body radiation and photo € ectric effect can beexplained
only if itisbelieved to beastream of photonsi.e., has particlecharacter. Thus
lightissaidto haveadua character. Such studieson light weremadeby Eingtein
in1905.

LouisdeBroglie, aFrench Physicist, in 1924, advanced theideathat like
photons, all material particlessuch aselectron, proton, atom, molecule, apiece
of chak, apieceof stoneorironball possessed both wave character aswell as
particle character. Thewave associated withaparticleiscaled amatter wave.

1.1.1 Differencebetween aparticleand awave

The concept of aparticle and awave can be understood by the different
pointsof distinction betweenthem.

PARTICLE WAVE

position in space i.e a particle is
localized in space e.g. a grain of
sand, a cricket ball etc.

1. |A particle occupies a well-defined| 1. |lawaveis spread out in space e.g. on throwing

a store in a pond of water, the waves dtart
moving out in the form of concentric circles.
Similarly, the sound of the speaker reaches
everybody in the audience. Thus a wave is
delocalized in space.

. |Whenaparticular spaceis occupied
by one particle, the same space
cannot be occupied simultaneously
by any other particle. In other
words, particles do not interfere.

.| Two or more waves can coexist in the same

region of space and hence interfere.

. IWhen a number of particles are
presant in a given region of space,
their total value is equal to their
sum i.e it is neither less nor more.

.|When a number of waves are present in a

given region of space, due to interference, the
resultant wave can be larger or smaller
than the individual waves i.e. interference may
be congtructive or destructive.




1.1.2 Experimentstoproveparticleand waveproperty of Electrons
a) Verification of Wavecharacter
i) Davisson and Germer’sExperiment

In 1927 Davisson and Germer observed that, abeam of éectronsobtained
from ahested tungsten filament isaccel erated by using ahigh positive potential .
When thisfine beam of accelerated electronisalowedtofall onalargesingle
crysa of nickd, thedectronsare scattered fromthecrystd indifferent directions.
Thediffraction pattern so obtained issimilar to the diffraction pattern obtained
by Bragg'sexperiment on diffraction of X-raysfrom atarget inthe sameway
(Fig. 1.1).

Diffraction pattern

Photographic
plate
Nickel crystal \ /

Fig.1.1 Electron diffraction experiment by Davisson and Ger mer

Since X-rayshavewave character, therefore, the el ectronsmust also have
wave character associated with them. Moreover, thewavelength of theelectrons
asdetermined by the diffraction experimentswerefound to bein agreement with
thevaluescalculated from de-Broglie equation.

Fromtheabovediscussion, itisclear that an electron behavesasawave.
i)  Thomson'sexperiment

G.P. Thomsonin 1928 performed experimentswith thinfoil of goldin place
of nickel crystal. Heobserved that if thebeam of e ectronsafter passing through
thethinfoil of goldisreceived on the photographic plate placed perpendicular to
thedirection of the beam, adiffraction patternisobserved asbefore (Fig. 1.2).
Thisagain confirmed thewave nature of eectrons.



Beam of

Electrons

Thinfail -
of Gold Photographic

Diffraction  Pplate

N="/

Fig. 1.2 Diffraction of electron beam by thin foil of gold (G.P. Thomson
experiment)

b) Verification of theparticlecharacter

The particle character of theelectronisproved by thefollowing different
experiments.-

) When an electron strikesazinc sul phide screen, aspot of light known as
scintillationisproduced. A scintillationislocalized onthezinc sulphidescreen.
Thereforethe striking €l ectron which producesit, also must belocalized
andisnot spread out on the screen. But thelocalized character ispossessed
by particles. Hence electron hasparticle character.

i) ExperimentssuchasJ.J. Thomson'sexperiment for determination of theratio
of charge to mass (i.e. m) and Milliken oil drop experiment for
determination of charge on electron also show that electron hasparticle
character.

ity Thephenomenon of Black body radiation and Photod ectric effect dso prove
theparticlenature of radiation.



1.2 de-BroglieRelation

The wavelength of the wave associated with any material particle was
ca culated by anal ogy with photon asfollows:-

In case of aphoton, if it isassumed to have wave character, itsenergy is
givenby
E=hv (according to the Planck’squantum theory) (1)
wherev isthefrequency of thewaveand hisPlanck’sconstant.
If the photon issupposed to have particle character, itsenergy isgiven by
E =mc?(according to Einstein equiation) (1))
wheremisthemassof photon and cisthevelocity of light.
From equations(i) and (ii), we get

hv = mc

But v = c/A
h.c/A = mc

or A = h/mc

deBroglie pointed out that the above equation isapplicableto any material
particle. Themassof the photonisreplaced by themassof themateria particle
andthevelocity “c” of thephotonisreplaced by thevelocity v of thematerial
particle. Thus, for any materid particlelikedectron, wemay write

A=h/mvori=h/p

wheremv = pisthe momentum of the particle.

The above equation is called de Broglie equation and ‘A’ iscalled de
Brogliewavelength.

Thusthesignificanceof deBroglieequation liesinthefact that it relatesthe
particle character with thewave character of matter.

Louisde-Brogli€' sconcept of dua nature of matter findsapplicationinthe
construction of éectron microscopeand inthe study of surface structure of solids
by electron diffraction. The de-Broglie’s concept can be applied not only to
electronsbut dsoto other sma| particleslikeneutrons, protons, atoms, molecules
€tc.,

7



Significance of de-Brogliewaves

Thewave nature of matter, however, has no significance for objects of
ordinary size because wavelength of thewave associated with themistoo small
to be detected. Thiscan beillustrated by thefollowing examples.

i) Supposeweconsider anelectron of mass9.1x 10 kg and moving witha
velocity of 10’ ms™. Itsde-Brogliewavel ength will be;

A = h _ 6.626x10*kgms*
mv  9.1x 103 kg x10" ms*

=0.727 x 10"m =7.27 x 10"'m

Thisvalue of A can be measured by the method similar to that for the
determination of wavelength of X-rays.

i) Letusnow consider aball of mass 102 kg moving with a velocity of
10°ms?. Itsde-Brogliewavelength will be;

A = h _ 6.626x10% kg m’s*
mv 102 kg x10° ms?

=6.62 x 10*m

Thiswavelengthistoo small to bemesasured, and hencede-Broglierdation
hasno significancefor such alarge object.

Thus, de-Broglie concept issignificant only for sub-microscopic objectsin
therange of atoms, moleculesor smaller sub-atomic particles.

Problem 1

Thekinetic energy of sub-atomic particleis5.85x 10%°J. Calculatethe
frequency of the particlewave. (Planck’sconstant, h = 6.626 x 10-* J)

Solution
K.E.=Yamv2=5.85x 10%]

: : _h

By de-Broglieequation, A = s
But A=
v



\Y h
v o
o om?  _ 2x585x10%]
oo v= — =
h 6.626 x103JS
= 177x10°st
Problem 2

Cdculatethede-Brogliewavel ength of an eectron that hasbeen accelerated
fromrest through apotential differenceof 1 kV

Solution

Energy acquired by theelectron (askinetic energy) after being accelerated
by apotentia differenceof 1kV (i.e 1000 volts)

1000 eV

1000 x 1.609 x 107, (1eV) = 1.609 x 10°J)

(Energy injoules= Charge onthedectronin coulombsx Pot. diff. involts)
= 1.609 x 101¢J

i.e. Kineticenergy

(% mv 2 ): 1.609%x10°*¢J

or %x9.1><10‘ 32 =1.609%x10° %]

or v? =3.536x10*
or v=1.88x10"ms !
_h _ 6626x10™*
mv  9.1x10*x1.88x10’
= 3.87x10"m



Problem 3

Calculatethewave ength associated with an el ectron (mass 9.1 x 10-3kg)
moving with avelocity of 10°’m sec! (h=6.626 x 10-* kg m? sec?).

Solution
Herewearegiven
m=9.1x 103 kg
v =10°msec?
h = 6.626 x 10* kg m? sec?

B L B 6.626x10°*
mv (9.1><10‘31) x10°
=7.25x10"m
Problem4

A moving electron has4.55 x 10% joules of kinetic energy. Calculateits
wavelength (mass=9.1x 103 kg and h=6.626 x 10 kg m? s%).

Solution

Herewearegiven

Kineticenergy i.e. ; mv?=4.55x10"*J
m=19.1x 103 kg
h = 6.626 x 10-* kg m? st

g %x(9.1><10‘ v? =4.55x10" %

-25
V2= 4.55%x10 _31><2 ~10°
9.1x10

or v=10°m sec™

or
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_h _ 6626x10*
mv  (9.1x107% )x10°
=7.25x 107 m.

A

Problem 5

Cd culatethekinetic energy of amoving dectron which hasawave ength of
4.8 pm. [mass of electron =9.11 x 10-* kg, h=6.626 x 10* Kgm?sY].

Solution
According to de-Broglieequation,

A=— o V=——
mv mA

h 6.626x10 *kgm?s™

V=—= - ———=1516x10°ms™
mL  9.11x10kgx4.8x10"m

Kineticenergy = ; mv? = ;><9.11><10‘31kg>< (1.516x10°ms™)?

=10.47 x 10 kg m? s2=1.047 x 10°** J
Problem 6

Two particlesA and B arein mation. If thewavel ength associated with the
particle A is5x 10°m, ca culatethewavel ength of particle B, if itsmomentum
ishaf of A.

Solution
Accordingto de-Broglierdation,

L
p x

For particleA, Pa = N
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Here, p, and A, arethe momentum and wavelength of particleA.

For particle B, Ps ZX—

B

Herep, and A arethemomentum and wavelength of particle B.

But,

But

b, =1

B 2pA
h_1h
Ny 2,

B A

Aa_ 1
Ay 2 o A, =2A

A, =5x10%m
kB=2kA22><5><10'8m=10>< 108 m=10"m.

Problem for practice

1.

Cad culatethe momentum of aparticlewhich hasade-Brogliewavel ength of
1A°. [h=6.626 x 10 kg nm?s?]
[Ans.: 6.63x 10% kg ms?]

What isthemass of aphoton of sodium light with awavelength of 5890 A2
[h=6.626 x 10 Jq]
[Ans. : 3.75x 10 kq]

Calculate thewavel ength of 2000 kg rocket moving with avel ocity of 300
km per hour.
[Ans.: 7.92x 1039 m]

What must bethevelocity of abeam of eectronsif they areto display ade-
Brogliewave ength of 10042
[Ans.: 7.25x 10* ms?]

Thewavedength of amoving body of mass0.1mgis3.31x 10%m. Cdculae
itskinetic energy (h=6.626 x 10** Js).
[Ans: 2x103]
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6. Cadculatethewavelength of aparticleof massm=6.62 x 10> kgmoving
with kinetic energy 7.425x 102 J(h = 6.626 x 10-* kg m? sec?).
[Ans.: 6.657 x 10> m]

7. Cdculatethewavelength of an electroninalOMeV particle accelerator
(A MeV =10%V).
[Ans.: 0.39 pm]

8.  Whatwill bethewave ength of oxygen moleculein picometersmovingwith
avelocity of 660 ms? (h=6.626 x 103 kg m?s?).
[Ans.: 18.8 pm]

9. A movingédectronhas4.9x 10 joulesof kinetic energy. Find out itsde-
Brogliewavelength (Givenh=6.626 x 10* Js;m_=9.1x 10" kg).
[Ans.: 7x107m]

1.3 THEUNCERTAINTY PRINCIPLE

The position and the vel ocity of the bodieswhich we come acrossin our
daily life can be determined accurately at aparticular instant of time. Hencethe
path or trgjectories of such bodiescan be predicted. However, Werner Heisenberg
in 1927 pointed out that we can never measure simultaneously and accurately
both the position and vel ocity (or momentum) of amicroscopic particleassmall
asanelectron. Thus, itisnot possibletotalk of trgjectory of an electron. This
principle, whichisadirect consequenceof thedua nature of matter and radiation,
statesthat, “ it isimpossibleto measur e smultaneoudly both the position
and velocity (or momentum) of a microscopic particle with absolute
accuracy or certainty.”

Mathematically, uncertainty principlecan beput asfollows.

h
AX.Ap > —
P 4n

where, Ax =uncertainity inthepostion of theparticleand
Ap = uncertainity inthemomentum of theparticle.

Thesign>meansthat the product of Ax and Ap can beeither greater than
or equal to h/4r but can never belessthan h/4r.
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Examplel

Calculate the uncertainty in the velocity of a wagon of mass 3000kg
whose position is known to an accuracy of + 10 pm (Planck’s constant =
6.626 x 10** Kgm?s™.

Solution: Herewearegiven
m = 3000kg
Ax = 10pm
= 10 x102m= 10"m
.. By uncertainty principle,
h

Av=—————
Aaxmx Ax

6.626x10°*

4><272><3000><1o-11

= 1.76x 107 ms?
Example2

Cdculaetheuncertainty inthe position of andectronif theuncertainty inits
velocity is5.7 x10° m/sec (h = 6.626 x 103 kg m? s?, massof the electron
=9.1x 107! kg).

Solution: Herewearegiven
Av = 57 x10° ms?
m = 9.1 x 103! kg
h 6.626 x 103 kgm? st

Substituting these valuesin the equation for uncertainty principle

ie AxxX(MxAv)= 1
4t

wehave AaxmMxAV
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6.626x10*

4><272><9.1><1o~°‘1><5.7><105

= 1.0x10°m

i.eUncertainty inposition=+10m.
PROBLEMSFOR PRACTICE

1

14

Theapproximate massof andectronis10% g. Cdculatetheuncertainty in
itsvelocity if theuncertainty inits position were of the order of 10 m.
[Ans: 5.25x 10 m sec]

Cd culatethe product of uncertainity inposition and vel ocity for aneectron
of mass 9.1 x 103! kg according to Hei senberg uncertainty principle.
[Ans: 5.77 x 10° m? sec’]

Calculatethe uncertainty invelocity (Av) of acricket ball (mass=0.15kg)
if theuncertainty position (Ax ) isof theorder of 1 A (i.e. 10%° m).
[Ans: 3.5x10%* m sec!]

Usinguncertainity principle,ca culatetheuncertainty invel ocity of andectron
if theuncertainty in pogitionis10* m.

[Ans: 0.577 msec]
The uncertainity in the position of a moving bullet of mass 10 g is

10°m.Cdculatetheuncertainty initsvelocity .
[Ans: 5.25x 102 m sec?]

THEWAVE NATURE OF ELECTRONS
It hasbeen made clear that, if asubstanceisdivided into finer and finer

pieces, we reach moleculesand atoms, then weredlize that the atoms consi st of
electronsand nuclel. It has been clarified that matter isacollection of ultra
mi croscopic particles. Upto the 19th century, these particleswere considered to
move obeying Newtonian mechanics and Maxwellian electromagnetism.
However, thisview point hasbecamedoubtful after the proposal of the Bohr
modd of theatomic structure (Bohr’squantum theory).

Ontheother hand, light had been considered to be €l ectromagnetic waves.

However, after thediscovery of light quanta (photons), it wasclarified that
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thelight haswavenatureat onetimeand particlenatureat another time. Therefore,
light hasakind of duality.

Theideaof deBroglie wave naturewaves or deBroglie matter wavesis
based onthefact that light has both wave and particle nature. Hence particlelike
electron or proton can aso be considered to be*particle’ with‘wavenature'.

Einstein’srelationswhich connect the particle and wave aspectsin light
quanta

h

would besatisfied for de Broglie matter wavesaswell. Thereforetherelations,
Eq.(1), areoften called Einstein-de Broglie'srelations.

If weapply theserelationsto the case of the Bohr model of the hydrogen
atom, we canwell understand itspossibility asfollows. If we consider that the
electroninahydrogen atom movesat constant speed along acircular orbit around
thenucleus(proton), thequantum condition in Bohr’squantumtheory iswritten
asEq(2). By using Einstein’srelation p = h/A in thisequation, the quantum
conditioniswritten

2rna=nA\, n=1,23,..) 2

Thisequation meansthat thecircumferenceof thecircular orbit of theeectron
must beaintegra multipleof thewavel ength of de Brogliewave. In other word,
de-Brogliewave accompanying the motion of thee ectron should be continuous.
Therefore, we can easily understand the quantum condition that determinesthe
stationary states by considering the continuity of de Broglie waves (Seethe
followingfigure).

Bohr’squantum condition. Thecondition
for stationary states

Thecircumferenceof thecircular orbit of
thedectron should beanintegra multipleof

otherwise the wave cannot be smoothly
continuous.
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Energy of ectron in an atom. By applying Schrodinger wave equation
to hydrogen atom, the energy of electron (E, ) wasfound as:
2n°me’
" T2 D)
wherenistheprincipa quantum number. ThisexpressonissameasBohr’s
equation for energy of electroninahydrogen atom.
Subgtituting thevauesof m, eand hinrelation (1), we get

1312 kJmol ™

E =-
n n2

2
Significance of negativeelectronic ener gy

Theenergy of aneectronat infinity isarbitrarily assumedto bezero. This
stateiscalled zero-energy state. When an €l ectron moves and comes under the
influence of nucleus, it does somework and spendsitsenergy inthisprocess.
Thus, theenergy of the electron decreasesand it becomeslessthan zeroie,, it
acquiresanegativevalue.

Examplel

Theionization energy of hydrogen atomintheground stateis 1312 kJmol 2.
Calculate thewavel ength of radiation emitted when the electron in hydrogen
atom makes a transition from n = 2 state to n = 1 state (Planck’s constant,
h=6.626 x 10-* Js; velocity of light, c = 3x 10. ms; Avogadro’s constant,
N, = 6.0237 x 10 mol ).

Solution
|.E. of hydrogen atominthe ground state= 1312 kJmol*
Energy of hydrogenatominthefirst orbit (E ) =-1.E=-1312kJmol*

-1312

— kJmol ™
n

Energy of hydrogen atominthenth orbit (E ) =

2
Energy of hydrogen atomin the second orbit (E,) = — =-328kJmol*?

22
AE =E, — E, =[-328-(-1312)] kJ=984kJmol *

AE 984x10°Jatom
E eosed -
nergy released peratom =~ 6.0237x107
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E=hv=hE; .°.X:Nhlc
N A AE
6.626x10* Jsx3x10°ms ' x 6.0237x10%
SA= =12x10"m
984x10°J
Example2

Theeéelectron energy of hydrogen atom in the ground state works out to be
—2.18 x 108 J per atom. Calculate what will happen to the position of the
eectroninthisatomif anenergy of 1.938x 108 Jissuppliedto theeach hydrogen
atom.

Solution

Energy of H atomintheground state=-2.18 x 108 Jatom*
Energy added = 1.938 x 108 Jatom*
Energy of dectronintheexcited state = (-2.18 + 1.938) x 108 J atom?

=-0.242x 10 J atom*
_ 18 -1
~0.242¢10Jatony* = ~ 21840 Jatom
n
~2.18 x 107" Jatom™
n=3

2 — —

"= T0242 x 1078 Jatom ™ ~

Hencedectronwill get excited tothird shell.
Example3

Cdculatetheionisation energy of hydrogen atom aswell asenergy needed
to promoteitseectronfromfirst energy level tothird energy level.

Solution
Theenergy of eectronin hydrogen atomisgiven by theexpression,

i) lonisation energy istheamount of energy required to remove an el ectron
from neutral gaseousatomi.e. to shift theelectronfromn=1ton=c

When n=1E =-1312kJmol*;  n=oo, E =0
- lonisationenergy =E_- E =0-(-1312kJmol™) =+ 1312kJmol*
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i) Energiesof electronwhenpresentinn=1andn=3are:

E, =12 1319K3mol ; E,= "2 _146KkImol
1 12 3 3

.. Energy needed to promote an electron from
n =1lton=3is, AEwhereAE=E,- E, =[-146 - (-1312)] kImol*
= 1166 kJmol*

Shapesof orbitals

An orbital isthe region of space around the nucleus within which the
probability of finding an éectron of given energy ismaximum . Theshapeof this
region (electron cloud) givesthe shape of the orbital. The plot of angular wave
functionsor square of angular wavefunctions (probability functions) giveusthe
shapesof orbita s Thesetwo plotsdiffer only dightly. Let usconsder theindividua
shapes.
Shapeof s-orbitals

For s-orbitals, when| =0, thevaueof misOi.e,, thereisonly onepossible
orientation. Thismeansthat the probability of finding an eectronisthesameinal
directionsat agiven distancefrom the nucleus. It should, therefore, be spherica
inshape. Hencedl s- orbitalsare non- directiona and spherically symmetrical
about thenucleus.

Thesizeof ans-orbital dependsupon vaueof the principa quantum number
n. Greater thevalueof ‘n’ larger isthesizeof theorbital.

y y
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v
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// Z
1s Orbital 2s Orbital

Fig. 1.3 Shapesof 1sand 2s-orbitals
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Animportant feature of the 2s-orbita isthat thereisaspherical shell within
thisorbital wheretheprobability of finding theelectroniszero (nearly). Thisis
called anode or nodal surface. In 2sorbital thereisone spherical node. The
number of nodal surfacesor nodesin s-orbital of any energy level isequal to
(n-1), wherenistheprincipa quantum number.

Shapeof p-orbitals

For p-subshell | =1, there are three values of m namely -1, 0, +1. It
meansthat p orbitalscan havethree possible orientations. Thesethreep-orbitals
areequal inenergy (degenerate state) but differ in their orientations. Each
p-orbital consistsof two |obes symmetrical about aparticular axis. Depending
upon theorientation of thelobes, thesearedenoted as2p, , 2p, and 2p, accordingly
asthey aresymmetrical about X,Y and Z - axis respectively.

Thelines inthefigurerepresents the cross-section of thethreedimensiona
boundary surface of p-orbitals. The boundary surface meansthe surfacewhich
encloses 90 percent of the dots representing the el ectrons. Two lobesof each p-
orbital are separated by anoda plane (aplanehaving zero e ectron density). For
example, for 2p orbital, YZ planeisthenodal planex .

Y Y Y Y
A A
‘%’X %X % X
Z Z .
sz zp\ 2p7
Fig.1.4Shapesof 2p , 2p, and Fig. 1.5Nodal planefor
2p, orbitals 2p, orbital

Thus, p-orbitalshave dumb-bel| shapeand havedirectiona character. The
probability of finding the electronisequal in both thelobes. The p-orbitals of
higher energy levelshave smilar shapesathoughtheir sizearebigger.

Shapeof d-orbitals
For d-subshell, | =2, therearefivevaluesof mnamely -2,-1,0, 1, 2. It
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means d- orbitals can havefive orientations. These are represented by d d
d,. d2.andd,; forexample, 3d, , 3d,,, 3d, 3d. .and3d.. Thed,, d and
d orbltdshavesameshaoel e, cloverleaf shapebuttheyllemXY YZ andZX-
pI anesrespectively. Thed ; orbital issymmetrical about Z-axisand hasadumb -
bell shape with a doughnut shaped electron cloud in the centre. The
d.,2 orbital isalso clovar |eaf shaped but itsleavesaredirected along the X and
Y- axis.

Thereasonfor the presenceof four lobesin any nd orbita liesinthefact that
thed - orbitals have two nodes, and hencetwo changesin algebraic sign of v,
whichleadtofour |obes.

e 4

x2y2
Flg. 16 Shapesof d-orbitals
1.5 MOLECULARORBITAL THEORY

Molecular orbital theory was put forward by Hund and Mullikanin 1932.
Thistheory ismodern and morerational. Thistheory assumethat in molecules,
atomic orbitalslosetheir identity and the electronsin moleculesare present in
new orbitalscaled molecular orbitds. A brief outlineof thistheory isgiven below:

() Inamolecule dectronsarepresentinnew orbitalscaled molecular orbitals.

(i) Molecular orbitalsareformed by combination of atomic orbitals of equal
energies(in case of homonuclear molecules) or of comparableenergies(in
case of heteronuclear molecules).

(iii) Thenumber of molecular orbitalsformed isequal to the number of atomic
orbital sundergoing combination.

(iv) Twoatomic orbitalscan combineto form two molecular orbitals. One of
thesetwo molecular orbitalsone hasalower energy and the other hasa
higher energy. Themolecular orbital with lower energy iscalled bonding
molecular orbital and the other with higher energy iscalled anti bonding
molecular orbital.
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(v) Theshapesof molecular orbitals depend upon the shapes of combining
atomicorbitals.

(vi) Thebondingmolecular orbita sarerepresented by ¢ (sigma), =t (pi), o (delta)
and the antibonding molecular orbitalsarerepresented by o, 1+, §".

(vii) Themolecular orbitalsarefilledintheincreasing order of their energies,
gtarting with orbital of least energy. (Aufbau principle).

(viit) A molecular orbital can accommodate only two electrons and thesetwo
electronsmust have opposite spins. (Paul’sexclusion principle).

(iX) Whilefilling molecular orbitalsof equal energy, pairing of electrons does
not take placeuntil al such molecular orbitalsaresingly filled with e ectrons
having pardld spins. (Hund'srule).

15.1 Energy level diagram for molecular orbitals

In case of homonuclear diatomic molecul es, combination of two 1satomic
orbitalsof participating atomsgiveriseto two new molecular orbitalsdesignated
aso, and o’ . Inthe same manner the 2s and three 2p-orbital s of each atom
i.e., eight atomic orbitals can give rise to eight new molecular orbitalsviz.,

* * * *
GZS’GZS’TEZpX !T[ZpX ’n2py !TEZpy ’GZpZ ’GZpZ .

Atomic Structureand Chemical Bonding

Energy levels of these molecular orbitals have been determined
experimentally by spectroscopic studies. Theorder of increasing energy in case
of the diatomic homonuclear moleculesof first and second period of theperiodic
tableisasgivenbelow:

Opg <Opg <O <Op STy =Ty, <Ogy <Tp =T <O

Thisorder of energiesof variousmolecular orbitalsisvalid for moleculesor
ionslike, H,, H,*, He,", He, (hypothetical), Li., Be, (hypothetical), B,, C,and
N, molecules. Thisenergy diagramfor themolecular orbitasisshowninFig.1.7a
However, experimentd evidencefor oxygen and heavier diatomic moleculeshave
shown that above sequence of energy levelsof MOsisnot correct. In case of
theseelements, the order of energy levelsof o, , m,, andr,, isreversedi.e,
G, haslesser energy than 7y, OF Ty, . Thus, theorder of increasing energy of
MOsfor thesemoleculesisasfollows.

O1 <01 <Op < Op <Oy STy =Tp <My =Tp < Og
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Thisorder of energiesof variousMOsisvalid for moleculesor ionslike O,,
O, (super oxideion), O,* (peroxideion), F, and Ne, (hypothetical). Thisenergy
level diagramfor MOsisshowninFig.1.7(b).

— 1 ~— 1
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Tare™20y S2py
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. ] / \ ]
2s N ’/, 2s P AN / 25
\ D , \ 4
R W wm wEe
Fig. 1.7a Molecular orbital energy Fig. 1.7b.Molecular orbital
level diagram for diatomichomonuclear  energy level diagram for
moleculesof fir st and second period homonuclear diatomic
(except O,, F, etc.) moleculesof O, and other

heavier elements
1.5.2 Electronic configuration of a molecule and its correlation with
molecular behaviour

Thedistribution of electronsamong various molecular orbitalsiscalled
electronic configuration of amolecule. It can giveusvery important information
about the mol ecul esas explained bel ow.

1. Stability of amoleculein termsof anumber of eectronsin bonding
and antibonding molecular or bitals. Fromthe electronic configurationitis
possibleto find out the number of electronsin bonding molecular orbitals(N,)
and number of electronsin antibonding molecular orbitals(N).

(@ IfN>N_themoleculeisstable: Thisisevident becauseinthiscase
theinfluenceof bonding dectronswill be morethan theinfluence of antibonding
electrons, resulting inanet force of attraction.

(b) 1fN.<N_,themoleculeisunstable: Thisisagain obviousbecause
inthiscasetheinfluence of antibonding eectronswill be morethan theinfluence
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of bonding eectrons, resulting in anet force of repulsion.

(© IfN,=N,themoleculeisunstable: Thisisbecauseinthiscasethe
influenceof bonding eectronswill beequd totheinfluenceof antibonding e ectrons
resultinginno net force of attraction.

2. Bond order and stability of amoleculeor anion. The stability of a
moleculeor anion can also be determined from another parameter called bond
order. Bond or der may be defined ashalf the difference between the number of
electronsin bonding molecular orbitals (N,) and the number of electronsin
antibonding molecular orbitals(N,) i.€,

1
Bond Order = E(Nb_ Nga)

Theresultingmoleculeor ionwill bestableif N, >N_i.e., if bond orderis
positive. Theresulting moleculeor ionwill beunstableif N, <N_i.e, if bond
order isnegativeor zero.

3. Relativestability of moleculesor ionsin termsof bond order : The
stability of amolecule or anionisdirectly proportional to bond order. Thus, a
moleculewith bond order 3 (e.g., N,) ismore stable (i.e., hasahigher bond
dissociation energy) than amoleculewith bond order 2 (e.g., O,) or 1 (e.g., Li,).

4. Nature of bond in termsof bond order : A chemical bond can be
sngle, doubleor triple but cannot be afraction, on the otherhand bond order can
beafraction.

5. Bond length in terms of bond order : Bond length is found to be
inversely proportional to bond order. Greater the bond order, shorter thebond
lengthand viceversa.

For example, the bond length in nitrogen molecule (bond order = 3) is
shorter thanin oxygen molecule (bond order = 2), whichinturnisshorter thanin
hydrogen molecule (bond order = 1).
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Tablel. Bond order, Bond dissociation energy and bond lengthinN,,
O,and Li, molecules

Molecule Bond order Bond dissociation energy Bond length
Nitrogen 3 945 kJ nmol? 110 pm
Oxygen 2 495 kJnol! 121 pm
Lithium 1 110 kJrolt 267 pm

6. Diamagnetic and paramagnetic natureof themolecule: If all the
el ectronsinthe molecule are paired then the substanceisdiamagnetic in nature.
Ontheother hand, if themolecule hasunpaired e ectron(s) itisparamagneticin
nature.

1.5.3 Molecular orbital energy level diagrams of certain diatomic
homonuclear moleculesand molecular ions

Thefilling of molecular orbitalsisgoverned by thefollowing principles.
(1)) Aufbauprinciple(ii) Pauli’ sexcluson principleand (i) Hund' sruleof maximum
multiplicity. Now, let us consider some examples of homonuclear diatomic
molecules.

1. Hydrogen molecule, H... It is formed by the combination of two
hydrogen atoms. Each hydrogen atomin theground state hasoneelectronin 1s
orbital. Therefore, inadl therearetwo eectronsin hydrogen moleculewhich are
present inlower most ¢, molecular orbital. According to Pauli’sexclusion
principle, thesetwo el ectrons should have opposite spins.

Themolecular orbital eectronic configuration of hydrogen moleculeis(c, ).
The molecular orbital energy level diagram of H, molecule is given in
Fig. 1.8.

Fig. 1.8 Molecular orbital enercgljy level diagram of H, molecule
Thebond order of H, molecule can be cal culated asfollows.
Here, N,=2 andN_=0
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Bondorder = e —Na _ =1.
2 2
i)  Natureof bond : Thismeansthat thetwo hydrogen atomsin amolecule of

hydrogen are bonded by asingle covalent bond.

i) Diamagnetic character : Sinceno unpaired eectronispresent in hydrogen
molecule, itisdiamagneticin nature.

2. Diatomic helium molecule, He, (Hypothetical). The electronic
configuration of helium (Z = 2) intheground stateis 1s>. Aseach helium atom
containstwo electrons, therewill befour electronsin He, molecule. Keepingin
view the Aufbau princ pleand Pauli’ sexclus on principleitse ectronic configuration
would beasfollows.

He,: (6,9 (c",)>

Themolecular orbital energy level diagram of He, (hypotheticd) isgivenin
Fig. 1.9.

cls
Fig.1.9 Molecular orbital energy level diagram of He, (hypothetical)
molecule
Here, Nb:Zand Na:2
Bondorder = Ny =N, _2-2_ 0.
2 2
Asthe bond order for He, comes out to be zero, this molecul e does not
exig.

3. Nitrogen molecule(N,). The eectronic configuration of nitrogen (Z=7)

intheground stateis 1s° 2s” 2p;, 2p;, 2p; . Therefore, thetotal number of electrons

presentinnitrogen molecule(N.,) is 14. These 14 el ectrons can beaccommodated
inthevariousmolecular orbitalsin order of increasing energy.
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N, 1 KK(04)*(025)" (T, ) (2, )*(025,)°

Here (c,.)?(o,.)? part of theconfigurationisabbreviated asKK, which

denotestheK shellsof thetwo atoms. In cal culating bond order, we canignore
KK, asit includestwo bonding and two antibonding el ectrons.

Themolecular orbital energy level diagramof N, isgiveninFig. 1.10.

/ z \
e Mo\
/ . \
1/ ooy 2y A
0 -
w“ a
\ 7
» \\\ 'II ¥
\ h—ﬂ[}"'—‘lt
\ o, .
g \ 2
T
"2p,"2py
/ o A Y
25 \
___@_.(’ ~ ‘,__ED___
’
28 N / 2s
' ] /
- "ZI
Atomic Molecular Atomic
orbitals orbitals orbitals

Fig. 1.10 Molecular orbital energy level diagram of N,

Thebond order of N, can be calculated asfollows.
Here, N, =8andN_ =2
N,-N, 8-2
2
i)  Natureof bond: A bond order of 3 meansthat atriplebondispresentin
amoleculeof nitrogen.
i) Diamagnetic nature: Sinceall theelectronsin nitrogen arepaired, itis
diamagneticinnature.
4. Oxygen molecule, O,. The€lectronic configuration of oxygen (Z = 8)
intheground stateis 1s°2s°2p*. Each oxygen atom has 8 electrons, hence, in O,

Bondorder = =3.
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moleculethereare 16 electrons. Therefore, the el ectronic configuration of O, is
asfollows.

OZ . KK(GZS)Z(G*ZS)Z(GZ[JZ)2(n2px)2 = (n2py)2(n*2px )l = (n;py )l

Here (c,.)?(c,,)” part of theconfigurationisabbreviated asKK.
Themolecular orbita energy level diagramof O, moleculeisgiveninFg.1.11.
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Fig. 1.11 Molecular orbital energy level diagram of O, molecule

N,-N, 8-4

Bondorder = a > 2.

16 HYBRIDISATION

Hybridizationisthe concept of intermixing of theorbitalsof an atom having
nearly thesameenergy to giveexactly equivaent orbita swith sameenergy, identicd
shapesand symmetrical orientationsin space.

Thenew equivalent orbitalsformed are known asthe hybrid or bitalsor
hybridized orbitals. Hybrid orbitalshave propertiesentirely different fromthe
propertiesof theorigina orbitalsfrom which they have been obtained.
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Salient Featuresregarding Hybridisation

i)  Orbitasinvolvedin hybridization should have nearly the sameenergy.

i)  Theorbitalsof oneand the same atom participatein hybridization.

i) Thenumber of hybrid orbitalsformed isequal tothenumber of hybridizing
orbitas.

iv) Thehybridorbitalsareal equivaent in shapeand energy.

V) A hybridorbital whichistaking part in bond formation must contain one
eectroninit.

vi) Duetotheéectronic repulsionsbetween the hybrid orbitals, they tend to
remain at the maximum distance apart.

vi) Thehead on overlap of atomic orbitalsgive sgma(c) bonds.

vii) Thesidewiseor latera overlap of atomic orbitalsgivepi () bonds.

1.6.1TipstoPredict theTypeof HybridisationinaM oleculeor Ion (Other
than Complex 1ons)

Step 1: Add the number of valence electrons of all the atoms present inthe
givenmoleculefion.

Step 2: Incaseof acation, subtract the number of electronsequal to thecharge
on the cation and in case of an anion, add number of electrons equal to the
chargeontheanion.

Step 3: (i) If theresult obtained in step 2islessthan 8, divideit by 2 and find the
sum of the quotient and remainder.

(i) If theresult obtained in step 2 liesbetween 9 and 56, divideit by 8and
findthefirst quotient (Q,). Dividetheremainder R, (if any) by 2and find the
second quotient (Q,). Add dl the quotientsand thefinal remainder (R,).

Let thefinal result obtainedin (i) or (ii) be X. Thetypeof hybridisationis
decided by thevalue of X asfollows:

Valueof X 2 3 4 5 6 7
Typeof hybridisation s ? g spid spid?  spid®
Example
) BeCl,
Total valenceelectrons=2+7x2=16
% =2(Q,)+zero(R,) ; X=2
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i

Vi)

. Hybridisation=s

BF,

Total valencedectrons=3+7x3=24
24

3 =3(Q,) +zero(R,) ; X=3

.. Hybridisation = sp?
NH

3

8
Total valenceelectrons=5+3=8 ; X =5 = 4
.. Hybridisation= 53
H,O

8
Total valenceelectrons=2+6=8 ; X =5= 4
.. Hybridisation= 5p?
PCI,
Total valenceelectrons=5+7x5 =40

%O =5(Q,) +zero(R,) ; X =5

.. Hybridisation=spd

SF6

Total valenceelectrons=6+7x 6 =48
48

?:6(Q1)+O(Rl) : X =6

.. Hybridisation = sp3d?
| F7
Total valenceelectrons=7+7x7 =56

T =TQOR);  X=T

.. Hybridisation = sp3d?
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vii) NO, ion
Total valenceelectrons=5+2x6 =17
Charge=-1. Total electrons=17+1=18

18 2
g - 2(Q) +2(R); 5= 1Q) +0(R); X=2+1+0=3
.. Hybridisation = gp?
iX) NO, ion
Total valenceelectrons=5+3x 6 =23; Charge=-1
. Total electrons=23+1=24

24
?:S(Ql)‘l‘O(Rl) , X:3
.. Hybridisation = p?

X) CO/>?
Total valenceelectrons=4+ 3x 6 =22; Charge=-2
. Total electrons=22+2=24

24
?:S(Ql)ﬁ‘O(Rl) , X:3
.. Hybridisation = p?

x) SO~
Total valenceelectrons=6+4x 6 = 30; Charge=-2
.. Total electrons=30+2=32

E_4Q)+0R,) X =4

.. Hybridisation= g3

xii) 1Cl,;
Total valenceelectrons=7+ 7x 4 = 35; Charge=-1
. Total electrons=35+1=36

3—86:4(Q1)+4(R1) ; 3:2(Q2)+0(R2) ; X=4+2+0=6
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.. Hybridisation = gpd?

xiii) NH,*
Total valenceelectrons=5+4 =9; Charge=+1
- Total electronsinNH,*=9-1=8

S-A4Q)+ORY) X =4
. Hybridisationis®
Hybridisation in some Typical M oleculesand | ons
Hybridisation  Examples

S BeF, BeCl,,CH,, CO,

2 SO,, BH,, BF,, NO,, NO,, CO.2

5° NH,, H,0, CH,, CCl,, SiCl,, H,0",NH,*, CIO,,
ClO,, CIO, NF,

spd PCl,, CIF,, SF,, X€F,

sp3d? SF,, XeF,, XeOF,, BrF,

s’ IF,, XeF,

1.7 INTERMOLECULAR FORCES

Theionic, covalent and coordinate bond arises dueto attractive forces
between atoms. Vander Waal (Dutch physicist, 1873) wasthefirst to propose
theexigtenceof atractiveforcesbetweentheatomsof inert gaseswith fully filled
orbitals. Theseforcesal so exist between non-polar moleculesaswell aspolar
molecules. Theattractiveinteractions between themoleculesareresponsiblefor
bringing the molecules closetogether. The attractiveinteractions between the
different molecul e of asubstanceare calledintermol ecular forces. Themagnitude
of theseforcesismaximuminthe solidsand decreases on passing from solid to
liquidsand from liquid to gaseous state. Vander Waa successfully explainedthe
liquefaction of gases on the basis of inter molecular forces. Theseforcesare
purely eectrostatic and thus physical in nature.
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Hydr ogen bonding. Hydrogen bonding comesinto existence asaresult of
dipole-dipoleinteractions between the moleculein which hydrogen atomis
covaently bonded to ahighly eectronegative atom. Therefore, the conditionsfor
theeffective hydrogen bonding are:

i) highelectronegativity of the atom bonded to hydrogen atom so that bond
issufficiently polar.

ii) small size of theatom bonded to hydrogen sothat itisableto attract the
bonding e ectron pair effectively.

If the atom bonded to hydrogen haslow value of € ectronegativity and/or
largeatomic Sze, dipole-dipoleinteractionsarenot strong enoughto dlow effective
hydrogen bonding.

Only nitrogen, oxygen and fluorineform strong hydrogen bonds because
they havehigh valueof dectronegativity and smal atomicsze.

Strength of H-bonds. Itisaweak bond becauseitismerely an el ectrostatic
forceand not achemica bond. Itsstrength dependsupon the el ectronegativity of
atomtowhichH atomis covaently bonded. Since el ectronegativity of F>O >
N, the strength of H- bond isintheorder H - F ......... H > H-O....H > H-
N.....H. Hydrogen bonds are much weaker than covalent bonds. The bond
strength of different bondsisin the order : lonic bond > Covaent bond >
Hydrogen bond > dipole-dipoleinteractions, Vander Waal’s (London forces).
Typesof Hydrogen bonds

Therearetwo different types of hydrogen bondsas:

i) Intermolecular hydrogen bonding. This type of bond is formed
between thetwo molecules of thesame or different compounds. Some examples
of thecompoundsexhibiting intermolecular hydrogen bondsare:

o+ o-
1. Hydrogen fluoride, H - F. Inthe solid state, hydrogen fluoride consists
of long zig-zag chains of molecules associated by hydrogen bonds as shown

below :
N N N
\ \ \
\ \ \y

Therefore, hydrogen fluorideisrepresented as(HF), .
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5 &
O—-H

2.Water ! . Inwater molecul e, the electronegative oxygen atom

S

formstwo polar covalent bondswith two hydrogen atoms. The oxygen atom
duetoitshigher electronegativity acquires partial negative charge and thetwo
hydrogen atomsacquire partial positivecharge. The negatively charged oxygen
formstwo hydrogen bondswith two positively charged hydrogen atoms of two
neighbouring molecul es. Each oxygen atomistetrahedraly surrounded by four
hydrogen atoms as shown below :

T

/

’
~ ’

\H /H
i ,
N ’ \\ ’

H H “H H
NV
4 N,

/ > ’
~ s

~
~

Hydrogen bonding in water resultsin ahydrogen bridge (H-O-H) network
extendinginthreedimens onsand theassociated water moleculemay beexpressed
as(H,0),.

i) Intramolecular hydrogen bonding. This type of bond is formed
between hydrogen atom and N, O or F atom of the same molecule. Thistype of
hydrogen bonding iscommonly caled chelation andismorefrequently foundin
organic compounds. Intramolecular hydrogen bondingispossiblewhenasix or
fivemembered rings can beformed.

AH AH~ AH
0 o
o9 o o
f INQ f C—OH C—H
0 [ ]/
O-Nitrophenal SalicylicAcid Salicylaldehyde
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Intramolecular hydrogen bonding (chel ation) decreasesthe boiling point of

thecompound and alsoitssolubility inwater by restricting the possibility of inter-
molecular hydrogen bonding.

Importanceof H-bonding

)

Lifewould have beenimpossiblewithout liquid water whichistheresult of
intermolecular H-bondinginit.

Hydrogen bonding increase therigidity and strength of wood fibresand
thusmakesit an article of great utility to meet requirements of housing,
furniture, etc.

Thecotton, silk or syntheticfibresasoownther rigidity and tenslestrength
to hydrogen bonding.

Most of our food materiassuch as carbohydratesand proteinsa so consist
of hydrogen bonding.

Hydrogen bonding a so existsin varioustissues, organs, skin, blood and
bones.

SELFEVALUATION

Choosethecorrect answer

313.6 . .
En=- 7z If thevalueof Ei =-34.84towhichvalue‘n’ corresponds
a 4 by 3 c 2 d 1
Dual character of an electron wasexplained by
a) Bohr b) Heisenberg c) de-Broglie d) Padi
de-Broglieequationis

mv hv h

a h b) A=hmv ¢ - d) i

Thevaueof Bohr radiusfor hydrogenatomis

a) 0.529 x 108 cm b) 0.529 x 10°cm
) 0.529 x 10°cm d) 0.529 x 10*2cm
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10.

Which of thefollowing particle having samekinetic energy, would havethe
maximum de-Brogliewavelength

a) o-particle b) proton C) B-particle d) neutron

If theenergy of an electroninthe second Bohr orbit of H-atomis-E, what
istheenergy of theelectroninthe Bohr’sfirst orbit?

a 2E b) -4E o -2E d 4

Theenergy of electroninanatomisgivenby En=

2 4 2 2 2 4 4
I R
Thebond order of oxygen moleculeis
a 25 by 1 c 3 d 2
Thehybridisationin S, moleculeis
a b)  sp’d? c) spd d sp’d

Theintramolecular hydrogen bondingispresentin
a o-nitrophenol b) m-nitrophenol ¢) p-nitrophenol d) None

Answer in oneor two sentences

11. What doyou understand by thedual character of matter?

12.
13.
14.
15.
16.
17.
18.

19.
20.

State Heisenberg’suncertainty principle.

Wheat isthesignificance of negativedectronic energy?
Defineanorbitd.

What aremolecular orbitals?

Why He, isnot formed?

What isbond order?

Definehybridisation.

Answer not exceeding 60 wor ds

Discussthe Davisson and Germer experiment.
Derivede-Brogli€ sequation. What isitssignificance?
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21. Discusstheshapesof s, panddorbitals.

22. Briefly explanMolecular Orbita Theory.

23. Explaintheformation of O, moleculeby molecular orbital theory.
Summary

Thischapter explainsthedua natureof matter. de-Broglieequationisderived
anditssignificanceisdiscussed. Heisenberg uncertainty principleisexplained.
Schrodinger’ swave equation and wavefunctionsare explained.

Molecular orbital theory and itsapplication to certain homo diatomic and
hetero diatomic moleculesarediscussed. The concept of hybridisation of atomic
orbitalsanditsapplicationsarediscussed. Different typesof forcesexist between
moleculesareexplained.
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2. PERIODIC CLASSIFICATION - Il

Learning Objectives

x=  Torecall the periodic properties Atomic/lonic radii, lonisation Energy,
Electron affinity and electronegativity.

x  To learn the calculation of atomic and ionic radii using different
parameters.

x=  To study the methods of determination of ionisation potential and
differentiatel, 11 and I11 ionisation potential.

> To know how to explain the factors affecting ionisation potential with
specific examples.

»=  Tounderstand the methodsto deter mine the electron affinity and factors
affecting electron affinity.

x=  To analyse the various scales of el ectronegativity values using simple
relations.
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2.1 REVIEW OF PERIODIC PROPERTIES

Repetition of propertiesof eementsat regular intervalsintheperiodictable
iscalled periodicity in properties. Theperiodicity ismostly dueto smilar outermost
electronic configuration of the elements. Some of the properties are briefly
reviewed.

2.1.1 Atomicandlonicradii

Atomicor lonicradiusisgenerally defined asthe distance between the
centre of the nucleus and the outermost shell of € ectronsinan atom or ion.

Aswemovefromleft toright acrossaperiod, thereisregular decreasein
atomicandionicradii of theelements. Thisisduetotheincreasein the nuclear
charge and the additive el ectrons are added to the same el ectronic level. On
moving down agroup both atomic andionicradii increasewithincreasing atomic
number. Theincreasein sizeisdueto introduction of extraenergy shellswhich
outweigh the effect of increased nuclear charge.

2.1.2 lonisation Energy (Ionisation Potential)
Theenergy required to remove the most |oosely bound el ectron from an
isolated atomin the gaseous statein known as | onisation Energy.

Atom, — Ey s Positivel on,, + Electron

Theionisation energy of an atom dependsonthefollowing factors(i) Szeof
theatom (ii) charge onthenucleus(iii) screening effect of inner electrons (iv)
penetration effect of electrons (v) effect of half-filled and completely filled
ublevels.

Inaperiod, thevalue of ionisation potential increasesfromleft toright with
breakswherethe atoms have somewhat stable configurations. Inagroup, the
ionisation potential decreasesfrom top to bottom.

2.1.3 Electron affinity

Electron affinity or eectron gain entha py istheamount of energy released
when anisolated gaseous atom accepts an e ectron to form amonova ent gaseous
anion.

Atom,, + Electron — Anion, + Energy
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Electron gain entha piesgenerally increaseon moving fromlefttorightina
period. Electron gain enthal piesgenerally decrease on moving down thegroup.

2.1.4 Electronegativity

Electronegativity may bedefined astherelativetendency of anatomina
moleculeto attract the shared pair of €l ectronstowardsitself.

Inaperiod, € ectronegativity increaseson moving fromlefttoright. Thisis
due to the reason that the nuclear charge increases whereas atomic radius
decreases. Inagroup, € ectronegativity decreases on moving down the group.
Thisisduetotheeffect of theincreased atomicradius.

2.1.5 Anomalousperiodicproperties

A fewirregularitiesthat are seenintheincreasing va uesof ionisation potentia
along aperiod can be explained on the basis of the concept of half-filled and
completely filled orbitals.

2.2 CALCULATION OF ATOMIC RADIUS(COVALENT RADIUS)

Atomic radiusisthedistance from the centre of the nucleusto the point
wheretheéectron density iseffectively zero.

a. Homonuclear diatomic molecules

Incaseof homonuclear diatomic moleculesof A, type(e.g.F,, Cl., Br,, 1,
... €tc.) thebondlength, d(A-A) isgiven by

dA-A) = r(A) +r(A)
dA-A) = 2xr(A)
_ dA-A)
@ = =

Theaboveequation showsthat inthe case of homonuc ear diatomic molecule
of A, type, thecovaent radiusof anatom A, r(A) isequal to onehalf of theinter-
nuclear distance, d(A-A). Therefore, the covalent radius of an atom in a
homonuclear diatomic molecul e can be obtained by dividing theinternuclear
distance by two.



Example
1. Cl,molecule
Thevaueof CI-Cl bond distance asfound experimentally is1.98A. Thus
d(Cl-CI) 1.98
2

=0.99A

((Cl)=

2. Diamond

Thevaueof d(C-C) diganceasfound experimentaly inavariety of saturated
hydrocarbonsis1.54A.

d(C-C) _154

r(C) = =0.77A
Thus ©) > >

b. Heteronuclear diatomicmolecule

In case of heteronuclear diatomic molecule of AB type, bond length
d(A —B)isgivenby

d(A-B)=r(A) +r(B)
r(A) andr(B) arethe covalent radii of A and B atoms.
Example
i) CCl, molecule
Theexperimenta valueof d(C—Cl)is1.76 A
Thus d(C-Cl)= r(C)+r(Cl)
r(C) = d(C-Cl)-r(Cl)
= 1.76—r(Cl)

Thusthe covalent radius of carbon atom can be cal culated by subtracting
thecovadent radiusof Cl atomfrom d(C—Cl) bond length. The covaent radiusof
Cl atom can a so be obtained, provided that covaent radiusof C atomisknown.

iy SC
Theexperimental valueof d(Si-C)is1.93A. Thus,
ds-C) = r(S)+r(C)
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nS) = d(S-C)-r(C)
= 193-r(C)
= 193-0.77 [.r(C)=0.77A]
= 116A

The experimental values of covalent bond Iength for some common
homonuclear diatomic moleculesaregiven below.

Molecule Bond Bond length (A)

) H, H-H 0.74
i) F, F— 1.44
1) Cl, c-c 1.98
iv) Br, Br-Br 2.28
vV  HCCH, cC-C 1.54

2.2.1 Calculationof ionicradii
Pauling'sM ethod

Pauling has calculated the radii of theions on the basis of the observed
internuclear distancesinfour crystalsnamely NaF, KCl, RbBr and Csl. Ineach
ionic crystd the cationsand anionsareisoel ectronic withinert gasconfiguration.

NaFcrystd @ Na* - 2,8 ) _
F - 28 Netypeconfiguration

KCl crystd DK - 2,88
C- - 28,8

Further thefollowing two assumptionsare madeto assigntheionic radii.

} Ar typeconfiguration

i) Thecationsand anionsof anionic crystal are assumed to bein contact
with each other and hencethe sum of their radii will beequd to theinter nuclear
distance between them.

r(C) + r(A) = d(C-A) @
where
r(C - radiusof cation, C*
r(AY) - radiusof anion, A-
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d(C—-A") - internuclear distancebetween C*and A-ionsin C*A-ionic
crysd

ii) For agiven noble gas configuration, theradiusof anionisinversely
proportional toitseffectivenuclear charge. i.e.

. 1

rcC") «o Z ) )
_ 1

rfA7) « 7 A) 3

where,
Z'(C") & Z'(A") arethe effectivenuclear chargesof cation (C*) and anion
(A") respectively. Oncombining (2) & (3)
(c) _ Z(A)
A) ~ Z(©) @

Hence the above two equations (1) & (4) can be used to evaluate the
values of r(C*) and r(A-) provided that the values of d(C*-A-), Z'(C*) and
Z'(A") areknown.

Slater rules

Thevaueof screening constant (S) and effective nuclear charge (Z*) can
be calculated by using Slater’srules. According to theserulesthevaueof “S’
for agiven electronisestimated asfollows.

i) Write down the complete el ectronic configuration of the element and
dividethedectronsinto thefollowing orbital groups starting fromtheinside of
theatom.

19 : (2s,2p): (3s,3p) : (3d) : (4s,4p) :
(4d): (4f) : (5s,5p) : (6s,6p) ... etc.
i) Select the electron for which thevalueof Sisto becalculated. For this

cal culation add up the contributionsto Sfor the other el ectronsaccording tothe
followingrules.



Contributionto Sfor each

Typeof electron electron of thistype

i)  All dectronsingroupsoutside

theelectron chosen 0
i)  All other electronsinthesame 0.35

group asthe chosen one (n) (or 0.30for 1selectron)
i) All dectronsinshel immediately ingde (n-1) 0.85
iv) All dectronsfurtherindde 1.00

Calculation of effectivenuclear charge(Z*)
Examplel

Calculate the effective nuclear charge experienced by the4selectronin
potass um atom.

Solution
Theédectronic configuration of K atomis
Ko = (1) (25 2p°) (357 3p°) 4s'
Effectivenuclear charge(Z)= Z — S

Z'=19 - [(0.85xNo.of eectronsin(n-1)"shell) +
(1.00total number of electronsintheinner shells)]

=19 - [0.85%(8)+(1.00x 10)]
Z'=220
Example2

Calculatetheeffectivenuclear charge of thelast el ectronin an atomwhose
configurationis 1s* 2s? 2p® 3s? 3p°

Z=17
zx = 2-S

= 17-[(0.35x No. of other electronsin n" shell)
+(0.85x No. of electronsin (n—1)" shell)
+ (1.00x total number of eectronsintheinner shells)]

44



17 —[(0.35x 6) + (0.85x 8) + (1 x 2)]
17-109=6.1
Calculation of ionicradii

Example

Cdculaetheionicradii of K* and Cl-ionsin KCl crystal. Theinternuclear
distance between K* an Cl-ionsarefoundtobe3.14A.

Solution
r(KH+r(ClH) = d(K*—CI)=3.14A (1)

K*and Cl-ionshave Ar (Z=18) type configuration. Theeffective nuclear charge
for K* and Cl~can be calculated asfollows.

K* = (19 2209 (3°3p°)
inershdl (n-1)"shell " shell
Z(KY = Z-S
= 19-[(0.35x 7) + (0.85x 8) + (1 x 2)]
=  19-11.25=7.75
Z(Ch = 17-[(0.35x7) +(0.85% 8) + (1 x 2)]
= 17-11.25=575

(K*) Z'(CI") 5.75
(C) Z(K) 775 O™
((K*) = 0.74 1(C) @
Substitute (2) in (1)

0.74r(Cl)+r(ClH) = 3.14A €)
1.74r(ClH) = 3.14A
rch = %zl.SlA

1.74
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From (2)

r(Kv = 0.74r(Cl)
= 0.74x 181 A
= 1.33A
r(K*) = 1.33A
r(Ch) = 1.81A

| onisation potential

| oni sation energy of an e ement isdefined astheamount of energy required
to removethe most loosaly bound e ectron fromisolated neutral gaseousatomin
itslowest energy state. The processisrepresented as

. | L
M, + Energy supplied —1—> Mg +e

lonisation energy ismeasured in e ectron voltsper atom (eV/atom), kilo calories
per mole (kcal/mole) or kilojoulesper mole (kJ/mole).
Successiveionisation potentials

Inadditiontofirstionisation potentia (1,) defined above, second, third. etc.
ioni sation potential sarea so known. Second ionisation potentia (1) istheenergy
required to remove one more el ectron from the gaseous cation, M* o L0 0et the
doubly positively charged gaseous cation, M2*(g), i.€.,

Mg +1, > M o +e

Similarly, thirdionisation potentid (1,) istheenergy required toremovestill

onemoreelectronfromM?*  cationtoget M*" cation, i.e.

M 2+(g) +1; - M3+(g) +e

Similarly ionisation potentiasof higher and higher gradesarea so known.

Each successiveionization potentia or energy isgreater than the previous
one, sincethe electron must be removed against the net positive chargeonthe
ion.
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Factorsgoverning ionization energy. Theionization energy dependsupon
thefollowingfactors:

(a) Szeof atom or ion. Theionization energy decreaseswiththeincreasing
sizeof atom. Thelarger thesize of atom, lesser istheionization energy. Thisis
duetothefact that electronsaretightly held in smaller atomswhereasin large
atoms, eectronsareheld quiteloose, i.e., lesser energy isrequired for removal
of electronsfrom larger atomsthan the smaller one. Henceionization energy is
lower for larger atomsand higher for smaller atoms.

Examplel

Thel.E of Be(At. No.4) isgreater than that of Li (At. No.3) becausethe
nuclear charge of Be (Z=4) isgreater than Li(Z=3). Higher thenuclear charge,
greater would betheforce of attraction between nucleusand outermost € ectron.
Hence, thefirst |.E. of Beisthanthat of Li.

Example2

Thel .E. of Beismorethanthat of B though the nuclear charge of boron
atom (Z=5) isgreater than that of beryllium atom (Z =4). Thiscan beexplained
asfollows:

Boronatom (Z =5; 1s*25° 2p,* 2p °2p,°) ishaving one unpaired electron
inthe2p-subshell. Be-atom (Z =4; 1 29°) is having paired el ectronsin the 2s-
subshell.

Asthefully filled 2s-subshell in Be-atom ismore stabl e than B-atom dueto
symmetry, more energy would be needed to remove an electron from Be-atom.
Hence, Behashighl. E.

3. Thel .E. of carbon (At. No.6) mor ethan that of boron (At. No.5)

Reason: Carbon (Z = 6; 1s* 2s* 2p ! 2p, *2p,’) is having more nuclear
chargethan boron (Z =5; 1s°2s°2p,* 2p °2p,’). In both the cases, one hasto
remove el ectron from same 2p-subshell. Carbon ishaving morenuclear charge
than boron. Thereforethenucleusof carbon, attractsthe outer 2p-electron more
firmly than doesboron. Thus, first I.E. of carbon would be more than that of
boron.

(b) Magnitude of nuclear charge. The higher the nuclear charge of
protonsin thenucleus, the higher istheionization energy. Because of the higher
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nuclear charge, the el ectronsare bound with moreforce and hence higher energy
will berequiredfor their removal. For instance, magnesium has higher nuclear
charge (12 protons) ascompared to sodium (11 protons). Henceionization energy
in case of magnesium ishigher ascompared to sodium.

Similarly thel.E. of fluorineismorethan that of oxygen. It can beexplained
asfollows.

() F(2=9; 1?25 2p? 2p *2p ") is having more nuclear charge than
oxygen (Z=8;1s*2s*2p ? 2p, *2p *). Inboth the cases, theelectron hasto be
removed from the same 2p-subshell. Asfluorineishaving morenuclear charge
than oxygen, it meansthat the nucleusof fluorinewill attract the outer 2p-electrons
morefirmly than oxygen. Hence, first |.E. of fluorinewould be morethan that of
oxygen.

(c) Effect of number of electronsin theinner shells. (Screening or
shielding effect). Theattractiveforce exerted by the nucleuson the most loosaly
bound e ectronisatleast partialy counterba anced by therepul sveforcesexerted
by the electrons present intheinner shells. The electron to beremoved isthus
shielded fromthe nucleusby theedectronsintheinner shell. Thus, theedectronin
thevadenceshdl experienceslessattraction fromthenucleus. Hencetheionisation
energy will below. Thisisanother reason why ionization energy decreasesin
moving downagroup.

(d) Effect of shapeof orbital. The shape of orbital alsoinfluencesthe
ionization potential. Ass-electronsremain closer to the nucleusthan p-,d-, and
f-dectronsof thesamevaence shell, theionization energy decreasesintheorder
givenbdow:

s>p>d>f

For indance, thefirstionization energy of duminiumislower thanthat of magnesum.
Theé ectronic configuration of magnesiumis[Ne]3s* and that of aluminiumis
[Ne] 3s? 3p*. Thus, one hasto remove 3p-electronin case of aluminium and 3s
electroninthe case of magnesium. But it iseasier to removethep eectron than
thes-dectron. Thus, thefirstionization energy of duminiumislower than that of
magnesum.

(e) Effect of arrangement of electr ons. The more stablethe electronic
arrangement, the greater istheionization energy. Asthe noble gaseshavethe
stablest el ectronic arrangements, they show maximum ionization energy.
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Example
Thel.E of Neisgreater than that of F. It can beexplained asfollows:

Thenuclear chargeof Ne (Z = 10) ismorethanthat of F (Z =9). Greater
thenuclear charge, greater would betheforce of attraction between nucleusand
outermost el ectron. Hence, thefirst |.E. of neon would be greater than that of
fluorine.

Electron Affinity or Electron gain enthalpy (E.A.)

Theéelectron affinity of an e ement may be defined asamount of energy
whichisreleased when an extrae ectron entersthevaenceorbital of anisolated
neutral atom to form anegativeion.

Atom + Electron(g) - Negativeion(g) + Energy

Thegreater theenergy released inthe process of taking up theextrae ectron,
the greater will bethe eectron affinity. Thus, ionisation potential measuresthe
tendency of anatomto changeintoacation(M — M* + le) whereasthe e ectron
affinity measuresthetendency of anatomto changeintoanion (X + e — X).

Successive Electron Affinities. As more than one electron can be
introduced inanatom, itiscalled second € ectron affinity for the addition of two
electronsand so on. Thefirst E. A. of active non metalsispositive (exothermic)
whilethesecond E. A. evenfor theformation of oxideor sulphideionisnegative
(endothermic). For example, theoverd| E.A. for theformation of oxideor sulphide
ions has been found to be endothermic to the extent of 640 and 390 kJmol*

respectively.

- - 2-
X(g)+e +energy —» X @

Itisinteresting to notethat the electron affinity of eementshavingad®® s?
configuration hasbeen found to benegative. Thisisso dueto theaccommodetion
of theelectron in the higher p-orbital (Zn=-87 kdmol, Cd=-56 kamol?).

Elementsof group 17 possesshigh e ectron affinity. Thereasonfor thisis
that by picking up an el ectron halogens attain the stable noble gas el ectronic
configuration.

Theéectron affinity isexpressed inkJmol .
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Changeof Electron Affinity along a Group. On moving down agroup,
thesizeof atomincreasessignificantly and hence, the effective nuclear attraction
for the e ectron decreases. Consequently the atom will possesslesstendency to
attract additiona eectronstowardsitsalf. It meansthat electron affinity would
decrease aswe movedown agroup. In case of halogensthe decreasein eectron
affinity from chlorinetoiodineisdueto steady increasein atomic radii from
chlorinetoiodine.

On moving down agroup the e ectron affinity decreases. Thus, theelectron
affinity of Cl should be less than F. But actually the electron affinity of
F (320 kdmol?) islessthan Cl (348 kJmol). Thereason for thisisprobably
dueto small size of fluorine atom. The addition of an extraelectron produces
high electron density which increases strong el ectron-electron repulsion. The
repulsiveforcesbetween dectronsresultsinlow electron affinity.

Electron affinities of noble gasesare zero. Asthese atoms possess ns’np®
configurationintheir valence shells, these are stablest atomsand thereare no
chancesfor theaddition of an extraelectron. Thus, theelectron affinitiesof noble
gasesare zero.

Electron affinitiesof beryllium and nitrogen arealmost zero. Thismay be
duetotheextragability of thecompleted 2s-orbita inberyllium and of theexactly
haf-filled p-orbita in nitrogen. Asthese are stabledectronic configurations, they
do not havetendency to accept electronsand therefore, the e ectron affinitiesfor
berylliumand nitrogen are zero.

Changeof Electron Affinity alongaPeriod. On moving acrossaperiod,
the size of atoms decreases and nuclear chargeincreases. Both thesefactors
favour anincreaseinforceof attraction exerted by the nucleuson theelectrons.
Consequently, theatomwill possessagresater tendency to attract the additional
electron, i.e,, itselectronic affinity would increaseaswe movefrom I eft toright.
Dueto thisreason electron affinities of non-metalsare high whereasthose of
metalsarelow.

Of dl themetals, the E.A. of gold iscomparatively high (222.7 kJmol ).
Thisvauemay be attributed to the higher effective nuclear charge and poor
shielding of the nucleusby d electrons.
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Factor saffecting electron affinity

(1) Atomicsize

1

Electronaffinity o ———
Sizeof atom

Smaller thesize of anatom, greater isitselectron affinity. Asthesize of
atomincreases, the effective nuclear charge decreases or the nuclear attraction
for adding electron decreases. Consequently, atom will havelesstendency to
attract additional e ectrontowardsitself. Therefore.

Electron affinity o Effectivenuclear charge.

Ingenerd, eectron affinity decreasesin going down thegroup andincreases
ingoing fromIeft to right acrossthe period. On moving down the group atomic
sizeincreasesand on going from left toright in aperiod atomic size decreases.

(2) Shieldingor Screening Effect

1

Electronaffinity o ———
Shielding effect

Electronic energy state, lying between nucleusand outermost state hinder
the nuclear attraction for incoming electron. Therefore, greater the number of
inner lying state, lesswill betheedectron affinity.

(3) Electronic Configuration - The electronic configurations of el ements
influencetheir e ectron affinitiesto aconsderable extent.

Electron affinitiesof inert gasesarezero. Thisisbecausetheir aiomshave
stablens? np® configuration intheir valence shell and thereisno possibility for
addition of an extraelectron.

Electron affinity of beryllium, magnesiumand calciumispracticaly zero.
Thisisattributed to extragtability of thefully completed s-orbitalsinthem. Thus,
if anatom hasfully filled or haf filled orbitals, itsel ectron affinity will below.

Examplel

The electron affinities of Be, Mg and N are almost zero because both
Be(Z=4,; 15 28%) and Mg (Z =12; 1s* 25* 2p°f 3s%) are having sorbital fully
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filledintheir valenceshdl. Fully filled orbital sare most stable dueto symmetry.
Therefore, these e ementswould be having | east tendency to accept electron.
Hence, Beand Mg would be having zero e ectron affinity.

N(Z=7,1252p " 2p,*2p,") ishaving half filled 2p-subshell. Half filled
sub shellsaremogt stabledueto symmetry (Hund'srule). Thus, nitrogenishaving
least tendency to accept €l ectron. Hence, nitrogen ishaving dmost zero e ectron
afinity.

Example2

Electron affinity of fluorineislessthan that of chlorine. Althoughthe
electron affinity of dementsdecreasesdownthegroup, yet fluorineishaving less
electron affinity than chlorine becausethe size of F-atom (0.71A) isvery small
and hasonly twoshells, i.e, n=1,2(F=1252p>2p *2p,’).

i) Becauseof smdl sizeof fluorineaom the 2p-subshel | becomescompact.
Thereoccursrepulsonamong e ectronsof thevaenceshell and dsowith eectron
to beadded. Thisrepulsionisresponsiblefor lesstendency of F-atom to accept
electron.

i) Becauseof small szeof fluorinethereoccurslarge crowding of eectrons
around thenucleus. Thiscrowdingisableto screen thenucleus. Because of this,
effectivenuclear chargegetsdecreased. Thus, thedectronishaving lessattraction
during addition. Hence  ectron affinity getsdecreased.

2.5 ELECTRONEGATIVITY SCALES

Electronegativity scaeisan arbitary scale. They arebased onvarioustypes
of experimental datalike bond energy, dipole moment, ionisation potential and
electron affinity. Most commonly used scalesare

1. Pauling'sscde

2. Mulliken'sscde

3. Sanderson’sscale

4. Alfred and Rochow’sscae

Pauling’sscale (1932)

Thisscaleisbased on an empirical relation between the energy of abond
and the el ectronegativities of bonded atoms.
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Consider abond A-B between two dissimilar atomsA and B of amolecule
AB. Let the bond energies of A-A, B-B and A-B bonds be represented as
E, . Es s adE, ; respectively. It may be seenthat thebond dissociation energy

A-A’ —B-B

of A-B isdmost higher than the geometric mean of thebond dissociation energies
of A-A and B-B bondsi.e.,

EA—B >4 EA—A X EB—B

Their difference(A) is related to the differenceinthe e ectronegativities of
A and B accordingtothefollowing equation

A = E\g- v EaraXEgg
= (XA _XB)2

(or)
0208 /A = X,-X,

Here, X, and X, arethe electronegativitiesof A and B respectively.
Thefactor 0.208 arisesfrom the conversion of Kcalsto electron volt.

Consdering arbitarily the electronegativity of hydrogentobe2.1, Pauling
cal culated e ectronegativities of other e ementswith the help of thisequation.

Disadvantage of Pauling scale

Thedisadvantage of Pauling’ s scaleisthat bond energiesare not known
with any degree of accuracy for many solid elements.

Problem
Calculatethedectronegativity of chlorinefrom thefollowing data

E,,= 104K ca mol*; E,, = 36K ca mol*
E, o= 134K ca mol*
Accordingto Pauling’ sequation
A = Euo—vEiwXEqq
A = 134-.104x36
= 134-61.18 = 72.82



0208/A =  Xgq-X,
=  Xgq-X, =  0208/72.82
= 177
X,-21 = 177 [ X, =21]
X, = 177+21
= 3.87

2. Mulliken’sScale

In 1934, Mulliken suggested an aternative approach to el ectronegativity
based onionization energy and electron affinity of an atom. Accordingtothis
method dectronegativity could beregarded astheaverage of theionization energy
and electron affinity of anatom

l.LE.+E.A
2

Mulliken used ionisation energy and electron affinity valuesmeasuredin
electron voltsand val ueswerefound to be 2.8 timeshigher than Pauling val ues.

Electronegativity =

The values of ionisation energy and electron affinity are measured in
kJmol*and 1eV =96.48 kJmol.

Thereforethecommonly accepted Pauling valuesaremorenearly obtained
by

ILEE+EA  LLE+EA
2x2.8x96.48 540

Thismethod hasan ordinary theoretical basisand also has advantage that
different val uescan be obtained for different oxidation states of thesamed ement.

Electronegativity =

Disadvantage

AlthoughMulliken’sscaeislessempirica than Pauling Scale, yet it suffers
from aseriousdisadvantage that el ectron affinitieswith the exception of afew
elementsarenot reliably known.



Problem

Cdculatethedectronegativity valuesof fluorineand chlorineon Mulliken's
scale, giventhat (Ionisation potential) F = 17.4 eV/atom (Electron affinity) F =
3.62 ev/atom, (1P) , = 13.0ev/atomand (EA) , =4.0ev

_(IP)e+(EA):
- 2x28

_17.4+362 2102 -
5.6 56

.. ) _(IP) g +(EA)q
Electronegativity of chlorine = T oxo8

_130+40 _17 203
5.6 56

Electronegativity of fluorine

Applicationsof eectronegativity
1) Natureofbond

The concept of e ectronegativity can be used to predict whether the bond
between smilar or dissmilar atomsisnon-polar covaent bond, polar covaent
bond (or) ionic bond.

) WhenX =X, i.eX,-X,=0,then A-B bondisnon polar covaent bond
or ssimply covalent bond and isrepresented asA-B. eg. H-HbondinH,
moleculeisacovalent bond and isrepresented asH-H bond.

i)  WhenX  isdightly greaterthan X, i.e. X, - X _is small, theA-B bondis
polar covalent bond and isrepresented asA>-B%* . e.g. The O-H bonds
inH_O moleculeare polar covalent bondsand are represented as O™-H®,
sinceX,> X, and X - X, issmall.

i) WhenX, >>X_,i.e, X, -X_isverylarge, A-B bondismoreionic or
polar bond and is represented as A-B*, Since X, >> X . For example

Na-Cl bondin NaCl moleculeisanionic bond andisrepresented asNaCl-
(HereCl = A and Na=B).
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2.

Per centage of ionic char acter in apolar covalent bond
Pauling estimated the percentage of ionic character in various A>—B?% polar

covalent bonds from known (X ,.—X ) values and has derived the following
conclusons:

0]

When (X,—X_) = 1.7, the amount of ionic character in A*—B®* bond is
50% and that of covalent character isalso 50%. Thus A-B bond is50%
ionic and 50% coval ent.

When (X ,—X) < 1.7, theamount of ionic character in A>—B®* bondisless
than 50% and that of covalent character ismore than 50%. Thus A>—B?%*
bond is predominantly covalent and henceisrepresented asA-B.

When (X ,—X_) > 1.7, theamount of ionic character in A>-B® bond is
more than 50% and that of covalent character islessthan 50%. Hence
A%—B? bond ispredominantly ionic and henceisrepresented asAB*.

SELFEVALUATION
Choosethecorrect answer

Thevaueof C-C distancefound experimentally in asaturated hydrocarbon
[S

a) 1.34A b) 1.36A c) 1.54A d) 1.56A
Onmoving down thegroup, theradiusof anion

a) Decreases b) Increases ¢) Nochange d)Noneof these
Effectivenuclear charge(Z") can becalculated by using theformula
QZl =Z2-S b)zZ'=Z2+S ¢ 2Z2=S-Z dz=72-S
Pick the correct statement

a) Carbon having morenuclear chargethan boron

b) Thesizeof carbon atomsislarger than boron

¢) Carbonformselectron deficient compounds

d) Carbon formsionic compounds

Comparing theionisation energy of fluorinewith carbon, fluorinehas

a) higher ionisationenergy b) lowerionisationenergy

C) sameionisationenergy ¢) noneof these

Among thefollowing which hasthemaximum ionisation energy

a) Alkdi dements b) Alkdinedements

¢) Haogens ¢) Noblegases
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10.

11.

12.

13.

14.

15.

16.

17.

Thedectron affinity of anatom

a) directly proportiona toitssize  b) inversaly proportiond toitssize
C) isindependent of itssize d) noneof these

Among thefollowingwhich hashigher e ectronaffinity value

a) Huorine b) Chlorine c) Bromine d) lodine
Thescalewhichisbased on an empirical relation betweentheenergy of a
bond and the el ectronegativities of bonded atomsis

a) Paulingscde b) Mulliken'sscade

¢) Sanderson’sscale d) Alfredand Rochow’sscae
Electronaffinity isexpressedin

a) kJ b) J ¢) kdmal d) kJmol*
Thebondlength of Cl, moleculeis

a) 0.74 b) 1.44 c) 1.98 d) 2.28

Theorder of ionization energy
as<p<d<f b)s>p>d>f c¢) s>d>p>f d) s<d<p<f
Acrossthe period, € ectron affinity

a) decreases b) increases

C) decrease and theincreases d) increase and then decreases
Noblegaseshave  eectronaffinity

a) High b) Low C) Zero d) Very low
When X, >>X _, A-B bondis

a) polar covaent b) non-polar covdent ¢) lonic  d)metdlic

Answer in oneor two sentences

Arrangethefollowing speciesintheincreasng order of Sze
a O%, F,Mg*, Na

b) FF

¢ N,O

d Fe*, Fe Fe*

e) Na', Cl,NaCl

LI

Arrangethefollowing dementsintheincreasng order of thair firstionisation
potentias, give proper explanation for your answe.

a Li,BgB b) N, O, F c) C,N,O,F
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18.

19.

20.

21.

22.

23.
24,

C.

25.
26.
27.
28.
29.

Which eement of thefollowing hasthe highest ioni sation potentia ?

Na, Cl, Siand Ar.

Describe with reasonswhich atomineach of thefollowing pairshashigher
ionisationenergy?

ad MgandAl b) BandAl c) AlandS

Whichdement of thefollowing pairsof dementshashigher ionisation energy?
Justify your answer

ad KorCa b)BeorB ¢) lorBa d) ForCl € NorO

Which eement of thefollowing groupsof elementshassmallest ionisation
energy. Justify your answer.

a) Caor Be b) Caor K c) Clorl d) Be B, C
Answer thefollowing questions

a) Which element hasthe most positivevalueof eectron affinity?
b) Which éement haslow dectronegativity?

Mention thedisadvantage of Pauling and Mulliken scale.

Why EA of fluorineislessthanthat of chlorine?

Answer not exceeding 60 wor ds

How isatomicradii cal culated from covalent bond length?
Explain Pauling method to determineionicradii.
Explainthevariation of | E along the group and period.
Explainthevariousfactorsthat affect eectron affinity.

How el ectronegativity va ueshel p to find out the nature of bonding between
atoms?

Summary

Theperiodicity in propertiesof elementsarereviewed briefly. Atomicand

ionic radii of moleculesare calculated by using simple examples. Thefactors
governing ionisation potential are explained with specific examples. Thefactors
affecting electron affinity are discussed briefly. The different scales of
electronegativity valuesareexplained indetail.
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3. p-BLOCK ELEMENTS

Learning Objectives

b

¥ow ¥ ¥

oy ¥ W

W

Understand the general trends in the chemistry of elements of groups
13,14,15,16,17 and 18.

Under stands the prepar ation, properties and the uses of potash alum.
Knowledge about know about silicones.
Understand the extraction of lead, properties and the uses of |ead.

Understands the preparation, properties, uses and the structure of
halides, oxides, oxyacids and hydrides of phosphorus.

Recogni ze the anomal ous behavior of Fluorine.
Under stand about interhal ogen compounds.
Know about the isolation of noble gases.

Recognises the preparation, properties and the structure of xenon
compounds.

Appreciates the application of noble gases.
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PERIODICTABLE

18
ns’np*®
He
13 14 15 16 17
d B C N 0 F Ne
12 Al Si P S Cl Ar

Ga Ge As Se Br Kr

In Sn Sh Te Xe

Tl Pb Bi Po At Rn

Q@ 6 66 e &

nsnpt | ns’np® | ns'np® | ns’np*| ns’np’® | ns'np®

13 — Boron group 17 — Halogen family
14— Carbon group 18 —> Noble gases
15 — Nitrogen group

16 — Oxygen group

p-block e ementsgrouped with s-block elementsare called asmain group
elementsor representative eements. Thereare44 main group € ements. p-block
elements occupy groups 13-18 of the periodic table including inert gases.
p-block elementsplay dominant partinall natural processes. Aluminium plays
vital rolein aircraft and as conductors. Carbon isthe backbone of &l organic
compounds. Siliconchipsplay avitd partin computers. Nitrogen actsasabuilding
block of life. Molecular oxygenisacell fud.
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General characteristicsof p-block elements

1
2.

Thegenera e ectronic configuration of p-block elementsisns® npt®.

These e ementsinclude metals and non-metalswith afew semi metals
(Metdloids)

Most of them form covaent compounds.

These elements possessrelatively higher ionisation energy and thevalue
tendsto increase along the period but decrease down the group.

Most of thed ementsshow negative (except somemetas) aswel aspositive
oxidation states (except Fluorine).

Oneof thefamiliar characteristic of p-block elementsisto show inert pair
effecti.e. thetendency of being lessavailability for nselectronin bonding.
Theinert pair effect increases down the group with theincreasein atomic
number.

Group 13 eements—TheBoron family

Thegroup 13(111A) elementsare Boron, aluminium, gallium, indium and

thalium.

» Boronisardatively rareeement, accounting for only about 0.001% of the
earth’scrust by mass.

»  Aluminiumisthemost important of 13" group elements.

» Galliumisremarkablefor itsunusually low melting point (29.7°C) and
thereforegenerdly exist asaliquid at roomtemperature. Itsmost important
useisinmaking gdliumarsenide. Thisisasemi conductor materia employed
inthemanufactureof diodelasersfor laser printers, compact —disc players
and fibre optic communication devices.

» Indiumisasousedinmaking semi conductor devices, such astransistors
and el ectrical resstancethermometerscalled thermistors.

»  Thdliumisextremdy toxic and hasno commercia use.
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3.1 GENERAL TRENDS

Electronicconfigurations. Thegenera e ectronic configuration of the

variousdementsof thisfamily isns? npt.

Table 3.1 Electronic configuration of group 13 elements

Element I\/? J?nrglecr Electronic Configuration N?J:gggr NFLerrY:E(;
Boron 5 [Hel] 28 2pt 13 2
Aluminium 13 [Ne] 3s? 3p* 13 3
Gallium 31 [Ar] 3d%° 48 4pt 13 4
Indium 49 [Kr] 4d© 5 5pt 13 5
Thallium 81 [Xe€] 4f 501 65 6pt 13 6

3.1.1Potash Alum,K,S0,. Al (SO,),. 24H,0
Potash Alumismanufactured from aluniteor alum stone.
From Alunite: Aluniteor dumstoneiskK SO, AL(SO,)... 4Al(OH),. Itisfinely

powdered and boiled with dilute sul phuric acid, the a uminium hydroxide part
changesinto a uminium sulphate. When alittle more potassium sulphatein

cal culated amount isadded, theaumiscrystallised.

Properties

1. Potashdumisawhitecrysallinesolid.

2. Itissolubleinwater butinsolubleinacohal.

3. Theagueoussolutionisacidic duetothehydrolysisof Al (SO,),.
4,

When heated, it meltsat 365K and on further heating losesthewholeof its
water of crystallisation and swellsup. The swollen massso producedis
caledburnt alum.

Uses

1. Itisusedin purification of water, water proofing of textilesand indyeing
and paper industry.

2. Itisasoemployedtoarrest bleeding.
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3.2 GROUP-14ELEMENTS-THE CARBON FAMILY

Thegroup 14 (IVA) elements—carbon, silicon, germanium, tinand lead are
especidly important both inindustry andinliving organisms.

> Carbonisanessentia constituent of themoleculesonwhichlifeisbased.

>  Siliconisthe second most abundant element inthe earth’ scrust.

»  Bothsliconandgermaniumareusedin making modern solid—dateeectronic

devices.

> Tinandlead have been known and used since ancient times.

General Trends

Electronic configuration: The elements of this group possess ns? np?
electronic configuration.

Element I\'? :?nrglec; Electronic Configuration Ncl;Jrrggepr NF:Je:T:Cb)g
Carbon 6 [He] 25 2p? 14 2
Silicon 14 [Ne] 3 3p? 14 3
Germanium 32 [Ar] 3d© 45 4p? 14 4
Tin 50 [Kr] 4d 5& 5p? 14 5
Lead 82 [X€] 4f 50%° 6 6p? 14 6

Table 3.2 Electronic Configuration of Group 14 elements
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3.2.1 Silicones—structureand uses

Thesiliconesareagroup of organosilicon polymers. They haveawide
variety of commercia uses.

Thecompletehydrolysisof SCl, yieldssilicaSO,, whichhasavery stable
three-dimensional structure. Thefundamental research of F.S. Kipping onthe
hydrolysisof alkyl-substituted chlorosilanes|ed, not to the expected silicon
compound anal ogousto aketone, but to long-chain polymerscalled silicones.

R Cl
\s/ H,0
AN
R Cl
R R R R

HO—Si—OH + HO—Si—OH — HO—Si— 0 — Si — OH

I I | |
R R R R

Thegarting materia sfor themanufacture of siliconesareakyl-substituted
chlorosilanes. Thusthehydrolysisof tridkylmonochlorosilaneR,SICl yiel dshexa-
dkylsloxane.

R R
I |
R—Si—0 —Si—R
I |

R R

ThediakyldichlorosilaneR,SCl, onhydrolysisgivesriseto straight chain
polymers and, since an active OH group is left at each end of the chain,
polymerisation continuesand the chainincreasesinlength.

R R R R

HO—Si—0—Si—0—Si— 0 — Si—OH

R R R R



Thehydrolysisof akyl tricholorosilaneRSICl, givesavery complex cross-

linked polymer. | |

O O

| |
R—Si—0—Si—R

I I

0 0]

| |
R—Si—0—Si—R

| |

0 0]

| |

Uses

1) Siliconesact asexcdlentinsulatorsfor e ectric motorsand other appliances
asthey canwithstand high temperatures.

2) Straight chain polymersof 20to 500 unitsareused assiliconefluids. They
arewater repellent because of the organic sidegroup. These polymersare
used in waterproofing textiles, aslubricantsand as polish.

3) Siliconerubber retaintheir elasticity even at |low temperaturesand resist
chemical attack. They are mixed with paintsto make them damp-resistant.

4) Sliconeresins, across-linked polymer used as non-stick coating for pans
and areused in paintsand varnish.

5) Siliconeoilsarehighly stableand non-volatile even on heating. Hence used

for high temperature il bath, high vacuum pump etc.

3.2.2 Metallurgy of Lead
Ores

Gdena PbS
Cerruste  PbCO,
Angleste PbSO,
Lead ochrePbO

PWDNPE
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Extraction: Lead ismainly extracted from the sulphide ore galena. Galena
containslead sulphideand small quantitiesof Slver.

1. Concentration: Theoreisconcentrated by froth floatation process.

2. Smédltingin aReverberatory furnace: Theconcentrated oreisroasted
inareverberatory furnaceat amoderatetemperature. Thetemperature of furnace
iscontrolled by regulaing theair supply. During roasting, galenaispartly oxidized
to lead monoxideand partly to lead sulphate.

FLUE

)
pZ

i) HOT GAg_Es__ ~
= ~ & FLAMEG~ (ﬁ‘
CHARGET PNy .)\
>

FUEL = :"'
A S

" FIRE GHe\j[:f_: s
)///7 % % wd e, ‘

Fig. 3.1 A reverberatory furnace
2PbS + 30, —  2PbO+280,
PbS + 20, - PbSO,

Moreof galenaisthen added. Thetemperatureisraised and s multaneously
theair supply isreduced. L ead sul phide reactswith the two oxidised products
givinglead.

POS+2PHO  — 3Pb+SO,
POS+PHSO, — 2Pb+2S0,

Thusinthisprocessroasting and smdting arecarried out inthe samefurnace,
at two different temperatures.

About 90% of lead isobtained asmetal, therest passesinto dag. Leadis
recovered from the dag by heating with l[imeand powdered coke.

r—
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Powdered ore Concentration p| orerichin PoS

roasting
orerichin PbO, PbSO,, PbS
Purelead metd andting
Electrolytic ImpureMetal
refining
Liquation
Desilverisation y
Pbmetal +Au, Sn|¢ Pb+Sn, Ag, Au

Purification of L ead

L ead extracted by the above method containsimpuritiessuch assilver,
copper, tin, bismuth, gold and iron. Itisrefined by thefollowing processes.

a. Liquation

Theimpure metd isheated on ad oping hearth. Lead meltsand flowsdown
thedope. Theinfusibleimpuritiesremain onthe hearth.

b. Deslverisation
Silver isremoved by either Pattinson’sprocessor Park’sprocess.
c. Electrolyticrefining

Very purelead isobtained by thisprocess.
Anode—Impurelead
Cathode—Very purelead
Electrolyte—Lead fluoslicate+ HydrofluoslicicAcid
(PoSF) (H,SF)
Themetallicimpuritieswhich aremoreédectropositivethanlead, such as

ironandtin, gointothe solutionwhiletherest of theimpuritiesarethrown
down as anode mud.
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Physical properties

1. Leadisabluishgrey metd withabright luster.
2. Itissoftand can becut withaknifeand drawnintoawireandrolledintoa
sheet.
3. Itisnot agood conductor of heat and electricity.
4. ltmarkspaper.
Chemical properties
1. Actionof air
i) Itisunaffected by dry air butinmoist air alayer of lead carbonate or lead
hydroxideisdeposited onitssurfacewhich protectsit fromfurther action of
ar.
i) When heated inair or oxygen, lead isoxidized tolitharge (PbO) and red
lead (Pb,O,)
2Pb+ 0O, — 2PbO
3Pb + 20, - Pb,O,
2. Action of water

Leadisnot attacked by purewater inthe absenceof air, but water containing

dissolved air hasasolvent action onit dueto theformation of lead hydroxide (a
poisonous substance). Thisphenomenoniscalled Plumbo solvency.

i)
i)

)

2Pb+0O,+2H,0 — 2Pb(OH),
Action of acids

Dilute H,SO, and HCl haveno action onlead.
Hot Conc. H,SO, liberates SO, but thereactionisretarded by theformation
of aninsolublelayer of lead sulphate.

Pb + 2H,S0,— PbSO, + 2H,0 + SO,T

Concentrated HCI evolves hydrogen and a so forms Chloroplumbic acid
Pb + 2HCI —  PbCl,+H,T
PbCl,+2HCI = H,PbCl,

<

chloroplumbicacid
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Uses: Leadisused

For making lead pipes,

For making telegraph and telephonewires,

In making bulletsand lead accumul ators,

Inlead chambers, for the manufacture of sulphuric acid,

For making alloyslike solder, pewter and typemetal,

For preparing tetraethyl lead (Pb(C,H,) ) whichisused asan additiveto
petrol to prevent knocking.

oukcwdE

Problem

An element A belongsto 14" group and occupies period number 6. A
reactswith conc. HCI. togive B anacid. A isusedto prepare C whichisused
asan antiknock in automobiles. Identify the element A and the compounds B
and C Writethereactions.

Solution
1. Asperthepostionintheperiodictable, theelement A islead.
2. LeadwithConc. HCl givesB
Pb+4HCI — HPHCI, + H,
.. Compound B ischloroplumbic acid.
3. CompoundCis tetragthyl lead.
3.3 GROUP-15ELEMENTS-THE NITROGEN FAMILY

Thegroup 15 (VA) dementsare nitrogen, phosphorus, arsenic, antimony
and bismuth.
» Nitrogenisagas. It makesup 78% of the earth’satmosphere by volume.

»  Phosphorusisthe most abundant element of 15" group, accounting for
0.10% of the mass of the earth’scrust.

»  Arsenicisaso usedto make pesticidesand semi conductors, such asGeAs.

» Bismuth is a silvery solid. Bismuth compounds are present in some
pharmaceuti calssuch as Pepto—-bismoal.

»  Thenatura abundanceof As, Shand Bi intheearth’scrustisrelatively low.
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General trends

Electronic configuration: All these elements have general electronic
configuration of ns® np®.

Table 3.3 Electronic configuration of group 15 elements

Element ,\'?‘ Ltj(r)nrgg Electronic Configuration NCL;JII:T?ESI’ NF:Jiqigg
Nitrogen 7 [He] 25 2p3 15 2
Phosphorus 15 [Ne] 3¢ 3p? 15 3
Arsenic 33 [Ar] 3dY° 4g 4p° 15 4
Antimony 51 [Kr] 4d%° 5¢? 5p® 15 5
Bismuth 83 | [X€] 4f4 50 6 6p° 15 6

3.3.1 Compoundsof Phosphorus
a) Halidesof Phosphorus

Phosphoruscombineswith dl theha ogensforming phosphorushaideswhich
areall covalent compounds. Phosphorus chloridesare moreimportant. Tri and
pentachlorides of phosphorusare most common.

|. PhosphorusTrichloride, PCI,

Preparation: PCL, isprepared by heating white phosphorusinacurrent of dry
chlorine.

P,+6Cl, — 4PCl,

Dry white phosphorusisplaced in theretort and gently heated on awater bath.
A current of pure, dry chlorineisled over the phosphorus. The phosphorus
trichlorideformed being volatile distilsover and iscollected inawater cooled
recaiver.

70



DRY CHLORINE

-~

REIETWHITE CacCl,
— S PHOSPHORUS

SAND BATH

| [T T
Fig. 3.2 Laboratory Preparation of PCI,

Thephosphorustrichlorideobtained as above containssome PCl, asimpurity.
Thisisremoved by didtilling the PCl,, over white phosphorus.

Physical properties

1. Colourlesslow boilingliquid
2. Itfumesinmoigt air
3. Ithaspungent odour.

Chemical Properties

1. ltisviolently hydrolysed by water giving phosphorusacid and hydrochloric
acidgas.

PCI, +3H,0 — 3HCI +H,PO,

Inasmilar manner it reactswith organic compounds containing hydroxyl (OH)
group, such asacidsand a cohals.

PCl, + 3CH,COOH — 3CH,COCI + H,PO,
AceticAcid Acetyl Chloride

PCl,+3CHOH — 3CH.CCl+HPO,
Ethyl dcohol Ethyl Chloride

2. Itreactswithchlorineor sulphuryl chlorideforming phosphoruspentachloride.
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PCl,+Cl,— PCl,
PCl, +SO,Cl, — PCI_+ SO,

3. Itreadily combineswith oxygen forming phosphorusoxychloride
2PCl, + O, —2POCI,

4.  Itreactswith SO, to form phosphorusoxychlorideand SO,
SO, + PCl, — POCI, + SO,

Structure: PCI, molecule has a pyramidal shape, which arises from sp*
hybridisation of phosphorusatom. Oneof thetetrahedra positionsisoccupied
by alonepair of electrons.

@ x - Electron of p
P oo oo o - Electron of Cl
/‘\ ocl XPX cCls
cl ¢ cl |

I1. Phosphoruspentachloride, PCI,

Prepar ation: Phosphorus pentachlorideisusually prepared by the action of an
excessof chlorineon phosphorustrichloride.

PCl,+Cl, = PCl,
Physical properties

1. Phosphoruspentachlorideisaydlowishwhitecrystalinesolid.
2. Itsublimesonheating at 473 K and meltsat 318 K under pressure.

Chemical properties

1. Phosphoruspentachloridedissociateson heeting into phosphorustrichloride
andchlorine.

PCl, = PCl,+Cl,

2. Itisviolently hydrolysed by water giving phosphorus oxychloride or
phosphoric acid depending upon the quantity of water.
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insufficient water

PCl.+H,0 — 3 POCI,+2HCl

Excess of water

PCl.+4H,0 —p H_PO, +5HCl

3. It reacts with compounds containing hydroxyl groups forming chloro
derivatives. Inal these cases, the hydroxyl groupisreplaced by chlorine.
CHOH+PCl, — C,H.Cl+POCI,+HC
Ethyl Alcohol Ethyl Chloride
4. Itreactswith metalson heating to give corresponding chlorides.
2Ag+PCl_—2AgCl + PCl,
Sructure

PCI, moleculehastrigonal bipyramidal shapein vapour statewhich arises

from sp°d hybridisation of phosphorusatom.

b)
l.

Cl

e Cli-..
) . Cl -

*ol . \ . )
o x oo . X - Electron of p

[ ] . -
P X o, : P cl

LK ] Y ' .-
tclh o xe ot =
*toLcla LT

D) Cl.--~

e - Electron of Cl

cl
Oxidesof phosphorus

PhosphorustrioxideP,O,or P,O,
Itisobtained by the combustion of phosphorusin alimited supply of air.
4P + 30, —» 2P0,

Physical properties

1
2.

Itisawhitewaxy substance
It hasagarlic odour.

Chemical properties

1

It reactswith cold water, gives phosphorusacid.
P,0,+3H,0 — 2H.PO,
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2. ltreactswith hot water vigoroudy to forminflammable phosphine,
2P,0,+6H,0 — PH,T+3H, PO,
I1. PhosphoruspentoxideP,O_or P,O

4710
Phosphorus pentoxide can be prepared by burning phosphoruswith sufficient
supply of air.
P, +50, -P, O,
Physical properties
Itisawhitesolid and anacidic oxide.
Chemical properties
1. Itreactswith moistureto form metaphosphoric acid.
PO, +2H,O0 — 4HPO,

4710

When the solution is boiled, the metaphosphoric acid is changed to
orthophosphoric acid.

HPO, + H,0 — H,PO,
or
PO, +6H0 — 4H,PO,

4710

2. Phosphorus pentoxide extracts water from many inorganic compound
including sulphuricacid, nitric acid and severd organic compounds. Itistherefore,
used asapowerful dehydrating agent.

P4010
HZSO4 —> 803
-H,0
P4010
2HNO, —» N,O,
-H,0
PAOIO
RCONH, —» RCN
Amide -H,0 Nitrile

Use: Itisused asadehydrating agent.
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c) Oxy-Acidsof Phosphorus
|. Phosphorusacid - H,PO,

Itis prepared by the action of cold water on phosphorus (I111) oxide or
phosphorus(l11) chloride.

P,O, + 3H,0 —» 2H.PO,
PCl, + 3H,0 — H_PO, + 3HCI
Physical properties
Itisawhitecrystallinesolid with garlictaste.
Chemical Properties
1. Acidicnature Itisadibasicacid and givessatsof twotypes.
H,PO,+NaOH — NaH,PO,+H,0
Sodium dihydrogen Phosphite
H.,PO, + 2NaOH — NaHPO, + 2H.0
Disodium hydrogen Phosphite
2. When it is heated it undergoes auto-oxidation and reduction to form
phosphoric acid and phosphine.

A

4H,PO, — 3H,PO, + PH,
3. Itisapowerful reducing agent becauseit has P-H bond. It reducessilver
nitratesolutionintosilver.

2AgNO, + H,PO, + HO — 2Ag+H_,PO,+2HNO,
Electronicstructure

LN ) O

0. [ X - Electron of P

° X X o e - Electron of Cl
H o O P 0 H o - Electronof H

OH

Use: Itisused asareducing agent
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I1. OrthophosphoricAcid, H,PO,
Preparation
1. Itisprepared by dissolving phosphorus pentoxidein water and boiling the

olution.
PO, +3H,0 —  2H,PO,

2. Laboratory preparation: Inthelaboratory orthophosphoric acid can be
prepared by boiling amixture of red phosphoruswith 50% nitric acid in aflask
fitted with areflux condenser on awater bath till no moreoxidesof nitrogen are
liberated.

lodine actsasacatalyst. The product isevaporated below 453 K and then
cooled inavaccum desiccator surrounded by freezing mixturewhen crystals of
orthophosphoric acid are deposited.
P+5HNO, — H,PO, +5NO, +H,O
Physical properties
1. Itisaddiquescent crystdlinesolid.
2. Itissolubleinwater.
Chemical properties
1. Itisatribascacid. It combineswithakalieslikeNaOH toformthree series
of sdlts.
H,PO, +NaOH — NaH,PO, + HO
Sodium Di hydrogen Phosphate
H,PO, +2NaOH — NaHPO, + 2H0
Disodium hydrogen Phosphate
H,PO,+3NaOH — NaPO, + 3H.O
Sodium Phosphate
2. On heating it gives pyrophosphoric acid at 523 K and at 589 K gives
metaphosphoricacid
523K 589K
H,PO, —» H,P,O, —» 2HPO, +H,O
3.  Onreactionwithslver nitrate, it givesyelow precipitate of slver phosphate.
H,PO, + 3AgNO, — Ag,PO,+3HNO,
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Uses

1. Itisusaedinthepreparation of HBr and HI asasubstitutefor sulphuric acid.

2. Itisused assouring agent in the preparation of soft drinks.

3. Itisusedinthe preparation of phosphate salts of sodium, potassium and
ammonium.

4. Itisusedinthemanufactureof phosphaticfertilisers.

Structure

Being atribasic acid, the structure of phosphoric acid isrepresented as

.QO.. 9
® * x - Electron of P
L 4 X X o o
H* o °® X ° e -Electronof O
o X P . OoH o - Electronof H
LI X o o P
[ ]
.0
e O
H HO OH

OH

[11. B. Pyrophosphoricacid,H,P,O,

Prepar ation: Pyrophosphoric acidis prepared by heating orthophosphoric

acidto 523 K —533 K.
2H,PO, - HPO, + H,O

Physical Properties

Itisacolourlesscrystdlinesolid.

Chemical Properties

1. Itisreconvertedto orthophosphoric acid on boiling with water
HPO, + H,O — 2H,PO,

2. When heated strongly, it yields metaphosphoric acid

HP,O, —» 2HPO, + H,0
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Structure: The Structure of pyrophosphoric acid isrepresented as.

« 0. e O 0 0
.OO.XX o e X X L T T
H® o P *0°®P *0°H HO —P —0 —P— OH
<:°°X><-X--Xx.)(°-°
. . OH OH
.OOO: ..OO:
H H

d) Phosphine-PH,
Phosphineisthebest known hydride of phosphorus.

Laboratory preparation: Itisusually obtained by boiling white phosphorus
with 30-40% solution of caustic sodainaninert atmosphere of CO,,.

4P + 3NaOH + 3H,O — PH, + 3NaH,PO,
Sodium hypophosphite

Phosphine so obtained isimpure. It is passed into an agueous sol ution of
hydrogen iodide, PH,| isformed. PH,| is heated with KOH or NaOH, pure
phosphineisobtained.

PH, + HI — PH,|
PH, +NaOH —PH_ + Na + HO

Physical properties
Phosphineiscolourlessgaswith rotten fish odour.
Chemical properties

1. Dissociation: Phosphine dissociates at about 723 K and gives red
phosphorus.

723K
4PH, —p P, + 6H,
2. Action of air: It burnswith oxygen and produces phosphorus pentoxide.
4PH, + 80, —» PO, + 6H,O

78



3. Action of chlorine: Phosphineburnsin chlorine spontaneously forming
PCl,and PCl..

PH, +3Cl, — PCl, + 3HC
PH, +4Cl, — PCl, + 3HC

4. Reducingproperties: PH, isapowerful reducing agent. Whenitispassed
through the salt solutions, corresponding metal isformed.

PH, + 6AgNO,+ 3H,0 — 6Ag+6HNO, + H,PO,
Uses
1. Smoke screens

When PH, burnsit produces smoke which is dense enough to serve as
smoke screens.

2. Holme'ssignal : Containerswhich have aperforated bottom and aholeat
thetop arefilled with cal cium phosphide and calcium carbide. Thesearethrown
intothe sea. Water entersthe container through the bottom and reactswith cacium
carbide and cal cium phosphideto give acetyl ene and phosphine. Phosphinegets
ignited spontaneoudy asit comesin contact with air and a soignitesacetylene.
Thusabright red flameis produced whichisaccompanied by hugesmokedueto
the burning of phosphine. Thisservesasasignd to the approaching ships.

CapP, +6H0 — 2PH, T + 3Ca(OH),
CaC, +2H,0— CH,T + CaOH),
Problem

Anelement ‘A’ occupies group number 15 and period number 3 reacts
with chlorineto give B which further reactswith chlorineto giveC at 273 K.
Both B and C are chlorinating agent for organic compounds. C is a better
chlorinating agent becauseit chlorinates metals aso. B reactswith SO, and
reducesit to SO,. B hasapyramida shape. C hastrigonal bipyramidal shapeby
spd hybridisation. Identify the element A and the compounds B and C. Write
thereactions.

1. Theeement which occupies group number 15 and period number 3is
phosphorus. Therefore A isphosphorus. Phosphorusreactswith chlorine

79



togive PCI, Thereforecompound B isphosphorustrichlorideandit hasa
pyramidal shape.
P,+6C, — 4PCl

2. PCl, further reactswith Cl, to give PCI... Therefore, the compound Cis
phosphorus pentachlorideand it hasatrigonal bipyramidal shape.
PCl, + Cl, — PCl,
3. PCl,and PCI are chlorinating agentsfor organic compounds. So, both
reactswith C,H.OH gives C,H.CI.
PCl, + 3CHOH —  3CH.CCl+ H,PO,

3

PCl, + CHOH — CHCl + POCI, +HCl

5

3

3

4. PCl isabetter chlorinating agent. Soiit chlorinates copper.

PCl, + 2Cu -  2CuCl + PCl,
5. F’CI3 reactswith SO3 andreducesit to SOZ.
PCI3 + SO, - POCI3 + SO,

3.4 Group16 THE‘OXYGEN’ FAMILY

Thegroup 16 (VI A) lementsare oxygen, sulphur, selenium, tellurium and
polonium. Thefirst four eementsare collectively called CHALCOGENS or ore
forming elements, because many metal oresoccur asoxidesand sulphides.

»  Oxygenthemost abundant eement, isanimportant constituent of atmaosphere
and ocean. It constitutes 46.6% earth’scrust.

»  Sulphurislessabundant and occursin freeand combined states. Sulphuris
alsoknownas Brim stone.

»  Polonium, aradioactive € ement that occursin trace amountsin uranium
ores. Itsnamefrom Poland, the home country of Marie Curiewho discovered
theelement in 1898.

General Trends

Electronicconfiguration

All of thesedlementshave ns’np? configuration, just two e ectrons short of
an octet configuration.
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Table 3.4 Electronic configuration of Group 16 elements

Element ,\'?‘ S%n;'ecr Electronic Configuration N?Jrn(w)ggr NPuerrT:g(;r
Oxygen 8 [He] 25°2p* 16 2
Sulphur 16 [Ne] 3s3p* 16 3
Selenium 34 [Ar] 3d* 4¢ 4p* 16 4
Tellurium 52 [Kr] 4d™° 55 5p* 16 5
Polonium 84 [Xe] 4f4 bd? 65> 6p* 16 6

3.5 GROUP17-THEHALOGEN FAMILY

Group 17 of the periodic table containsthe elementsfluorine, chlorine,
bromine, iodineand astatine. Thesearecollectively knownasHALOGENS. It
isderived from two Greek words Halo and Gens meaning “ Salt producer”.
Becausemost of them exist in Seawater.

General Trends
Electronic Configuration: All thesed ementspossessns’np® configuration.
Table3.5 Electronic Configuration of group 17 elements

Element ,\'T‘ lgfan'eCr Electronic Configuration Nclajrr:])llajgr NFLerrT:g(;
Fluorine 9 [He] 2s22p® 17 2
Chlorine 17 [Ne] 3s23p° 17 3
Bromine 35 [Ar] 3d¥ 4¢ 4p° 17 4
lodine 53 [Kr] 4d™ 55 5p° 17 5
Adtatine 85 [Xe] 4f** 5d'° 65 6p° 17 6
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Chemical Properties

1. Oxidising power: Animportant feature of the halogenistheir oxidising
property whichisdueto high e ectron affinity of halogenatoms. Theoxidising
power decreasesfrom fluorinetoiodine. Fluorineisthe strongest oxidising agent.
It oxidisesother halideionsto ha ogensin solution or whendry.

F,+2X7 =52F~+X, (X7 = Cl7,Br—I")
Hal ogen of low atomic number oxidisesthe halideion of higher atomic number.

2. Solubility: Halogens, being non-polar molecules, do not dissolveto a
considerableextentin apolar solvent likewater. However, fluorinereactswith
water readily forming amixtureof O, and O,

2F,+2H,0 —4HF+O0,
3F,+3H,0 —6HF+O,

Chlorine, bromineand | odine are more solublein organic solventssuch as
CCl,, CHCI, and produceyellow, brown and viol et colour.

3. Hydridesof theHalogens (Hydrogen halides):

i)  All haogensreact with hydrogentoformvolatilecovaent hydridesof formula
HX.

i)  Thesehydridesarecalled hydracids.

i) Theactivity of halogenstowardshydrogen decreasesfromfluorinetoiodine.
Hydrogen combinesexplosively with fluorineevenindark. It combines
with chlorinein the presence of sunlight and with bromine on heating.
Hydrogen combineswithiodine on heating and in presence of acatayst.

iv) Hydracidsarethereducing agents.

v) Except HF, all hydrogen halidesaregases. HF isaliquid because of inter
molecular hydrogen bonding.

vi) Theacidic character of HX areinthefollowing order.
HF <HCI <HBr <HI.
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AnamalousNatureof Fluorine

1

Fluorineisthe most reactive element among halogen. Thisisduetothe
minimum value of F—~bond dissociation energy.

Huorinedecomposescold diluteakaiesliberating OF,, and with conc. akali,
O, isliberated. Under similar conditions, theother halogenswill giveriseto
the hypohalitesand hal atesrespectively.

It hasthe greatest affinity for hydrogen, forming HF whichisassociated
dueto thehydrogen bonding. Hydrofluoric acidisaweak acid whereasthe
other hydrohalic acidsare strong acids.

It differsmarkedly from the other halogensin that it can form two typesof
sdtswith metals. NaF and NaHF,,

Thesdtsof HF differ from the corresponding satsof other hydracids. AgF
issolubleinwater whilethe other AgX areinsoluble.

Being strongly el ectronegativeit can have only anegative oxidation state
whilethe other halogens can have negative aswell as positive oxidation
state.

HF attacks glasswhile othersdo not.
Fluorine, because of the absence of d-orbitalsinitsvalence shell doesnot
formany polyhalides. Thuswehavel, ™, Br,~, Cl,"ionsbutno F,"ion.

ETCHING ON GLASS

Etchingglass

Industridlly, hydrogen fluorideisobtained by heating fluorspar (CaF,) with

concentrated HZSO4 inaleadvessd.

CaF, + H,.SO,— CaSO, + 2HF.
HF distilsover and the vapoursare condensed in water in alead receiver.

AqueousHF thus obtained isstored in wax bottles. 1t cannot be stored in glass
or slicabottlesasit attackssilicatesand silica

Na, SO, + 6HF — Na,SiF, + 3H,0
SO, +4HF — SiF,+2H,0
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Theaction of hydrofluoric acid on silicaand silicatesisused for etching
glass. Theglassarticleisfirst covered with afilmonwax. Thedesignto be
etched isnow drawn on the waxed surface and isthen exposed to the action of
hydrofluoric acid. Now the glass can be very soon etched. Thewax isfinaly
washed off with turpentine.

35.1 ISOLATION OF FLUORINE
Symbol - F  Atomicnumber-9  Period Number : 2
Vdency—1 Atomicmass-19 GroupNumber : 17
Fluorine does not occur freein nature. 1t occursinthe combined form.

Dennis Method: Thiswasdevised by Dennis, Veeder and Rochow in 1931.
Inthisfluorineisprepared by the electrolysis of fused sodium or potassium
hydrogen fluoride (perfectly dry) Electrolysisiscarried out between graphite
electrodesin aV-shaped el ectrically heated copper tube. The ends of thetube
are covered with copper capsinto which the graphite el ectrodes arefixed with
bakelite cement. The copper tubeisthickly lagged to prevent lossof heat.

KHF, — KF+HF

2

HF > H +F
2H'+2e" —H, (At cathode)
2k - 2¢" > F, (Atanode)

BAKELITE
STOPPERS +

RESISTANCE
FURNACE

Fig. 3.3 Preparation of fluorine
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Fluorineliberated at the anodeis passed through the U-tube containing
sodiumfluoride. Thisremovesthehydrogen fluoridevapourscomingwithfluorine.

NaF +HF — NaHF,
Physical Properties

1. Huorineisagasand haspaegreenishyelow colour.
2. Ithasextremey pungent and penetrating odour.
3. Itisheavierthanair.

Chemical Properties
Fluorineisthemost activemember of halogenfamily.

1. Actionwith Hydrogen: Hydrogen explodesviolently influorineevenin
the dark.

H,+F, — 2HF

2. Actionwith non-metals. Non-metals likecarbon, silicon and phosphorus
burninfluorineformingfluorides.

C+2F,— CF,
Tetrafluoromethane

S +2F,— SiFy
Silicontetrafluoride

2P + 5F, — 2PF,
Phosphorus pentafluoride
3. Actionwith metals: It reactswith metal sforming corresponding fluorides.
2Ag+F,— 2AgF
2Al + 3F, — 2AIF,

4. Formation of I nterhalogen compounds: It formsavariety of inter haogen
compoundswith other halogens.

Br2 + 3F2 — 2Br F3
I,+5F,— 2 IF5
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Uses

1

w N

o o A

Fluorineisused in the manufacture of aseriesof compoundsknown as
freons. Thesenon-toxic, non-combustibleand volatileliquidsareused as
refrigerantsin refrigerators, deep freezersand air conditioners. Themost
common, freonisknown asdichlorodifluoro methane CF, Cl.,.

CaF, isused as flux inmetallurgy.

NaFisused asapreservativeto prevent fermentation and d sofor preventing
dentd cavities.

SF, isused asaninsulating material in high voltage equipment.
Teflonisused ascontainer to store hydrofluoric acid.
UF, isused in the separation of U** from U%®,

NTERHALOGEN COMPOUNDSOR INTERHALOGENS

Each hal ogen combineswith another halogento form several compounds

known asinterha ogen compounds. Thelesse ectronegative e ement iswritten
first. Innaming aso, thelessd ectronegative e ement ismentionedfirst.

They aredividedinto four types.

AX AX, AX. AX,

CIF

BIF CIF,

BrCl BIF, BrF IF
IF 7

I¢l ICl, 5

IBr

They candl be prepared by direct combination or by theaction of ahalogen

on alower interha ogen, the product formed depends on the conditions.

473K
CL+F,(equa volume) —» 2CIF(AX type)

I+ Cl, liquid (equi molar) — 2ICI (AX type)
2 2

573K
Cl,+ 3F, (excess) —» 2CIF, (AX,type)
Br, + 3F, (diluted with nitrogen) — 2Br F,
Br, +5F, (excess) — 2Br F, (AX, Type)
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I, +5F, (Excess) — 2IF, (AX, Type)
573K
IF, +F, (Excess) —» IF,(AX, Type)

Thebondsareessentialy covaent because of the small electronegativity
difference, and the melting and boiling pointsincrease as the differencein
€lectronegativity increases.

Theinterhalogensare generally morereactivethan the hal ogens (except F)
becausethe A-X bondiswesker thanthe X—X bondinthehaogens. Thereactions
aresmilar tothose of thehaogens. Hydrolysisgiveshalideand oxyhalideions,
the oxyhalideion being formed from thelarger hal ogen present.

BrF5 +30H —p 5F + BrOS_ + 3 H*
Bromate

ICl + OH- ——» Cl + Ol + H*
hypoiodite
Structuresof inter halogen compounds

| nterhal ogen compounds are generally covaent compoundsinwhichthe
larger halogen formsthe central atom.

1. TypeAX. Asexcepted, thecompoundsof thetype AX arelinear. Thus
CIF, BrF, BrCl, IBrand ICl aredl linear instructure.

Electronic structure of Chlorineatom, in the ground state and hybridised
stateisrepresented asinFig. 3.4.

® OO 00000

ATOM IN GROUND STATE X

Lmear Molecule

O Oy 00000 *

Four sp hybrid orbitals

Figure3.4 Linear structureof theinter halogen compounds
of thetype AX
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Although the spatial arrangement of the four electron pairs (bp =1 and
Ips=3) round the central chlorine atomistetrahedral, dueto the presence of
threelone pairsof eectronsin three hybrid orbitals, the shape of AX molecule
getsdistorted and becomelinear.

2. TypeAX,Compoundsof thetype AX, havetrigond bipyramidal structure,
Fig. 3.5for the CIF, molecule.

Bipyramidd structurearisesout of p°d hybridisationinvolvedintheformation
of thiscompound, asillustrated inthe Fig.3.6. Thethreedotted arrowsindicate
electronscontributed by thethreefluorineatoms (without lonepair itis T-shaped).

»e

Fig. 3.5Bi pyramidal structureof ClIF, molecule

3s 3p 3d
Only one unpaired @ @ @ O O O O O
electron permits one
covalent bond. ATOM v GROUND STATE

Three unpaired elec-

trons permit three @@ @
covalent bonds.

ATOM IN EXCITED STATE
Formation of CIF,
molecule by sp3d

el D OO OO0

sp3d HYBRID'SATION

Fig. 3.6 sp’d hybridisation involved in thefor mation of Cl F,molecule

3. Type AX, (IF, BrF,, etc.) These compounds are formed by sp’d®
hybridisation and hence have an octahedr al structure, asshowninFig. 3.7 for
theformation of IF, molecule (without lonepair itissquare pyramidal).
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O OO0 00000

IODINE ATOM IN GROUND STATE F F

© OCOO® OOOOO

IODINE ATOM IN EXCITED STATE

_-—-...._._——._.__—..-._._—_—.—-.—

@ OOO @@OOO ’

$p39 HYBRIDISATION Fig.3.7 Structureof | F
e 5

4.  TypeAX. (IF,). Thiscompound has apentagonalbipyramidal structure
sincethisisformed by sp*d®hybridisation. F
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Problem

Anelement A occupiesgroup number 17 and period number 2, shows
anomal ousbehaviour. A reactswithwater formsamixtureof B, C andacidD.
B and C areallotropes. A also reactswith hydrogen violently evenin dark to
giveanacidD. Identify A,B,C and D. writethereactions.

Solution
i)  Theelement A that occupies group number 17 and period number 2is
fluorine

i) Fluorinereactswithwater and formsamixtureof B and C
2F,+2H,0 — 4HF+Q,
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3F,+3H0 — 6HF+O,
Therefore, B isOxygenand C isOzone.

i)  Fluorinereactswith hydrogentogiveD.

F,+H,

— 2HF

D isHydrofluoric acid.
3.6 GROUP 18 NOBLE GASESORINERT GASES

Group 18 of the periodic table consists of helium, neon, argon, krypton,
xenon and radon. All these are gasesunder ordinary conditions of temperature
and pressure. All of them (except Rn) arepresent inair intraces. Rnisobtained
fromradio activedistintegration of radium.

Onaccount of their very minute quantitiesin atmosphere, they were named
asrare gases. Dueto their chemical inactivity these were named asinert
gases. A number of xenon compoundsand two krypton fluorideswere prepared
and thusthey were named as noble gases.

Electronic Configuration

All thesedementspossessns? np? configuration. Thedifferentiating electron
entersinto p-sub shell and thusareincludedin p-block elements.

Table 3.6 Electronic Configuration of Group 18 elements

Element I\T ltj(r::&cr Electronic Configuration N?J::l)tl)ﬁ NF;errT:g(;r
Helium 2 1< 18 1
Neon 10 |1s929°2p° 18 2
Argon 18 | 1s25°2p°3¢” 3p° 18 3
Krypton 36 1°25°2p°3s23p°3d4s? 4pP 18 4
Xenon 54 1°2522p°3s23p3d4s? 18 5

4p°4d95s 5p°
Radon 86  |1s2222pP323p 3014 4p° 18 6
4d94f“5s? 5pf5di°6es” 6p°
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ISOLATION OF NOBLE GASES

Thenoble gasesareisolated from air by removing oxygen and nitrogen
fromair freefrom carbon-di-oxide, water vapour, dust particles, etc., Thiscan
be accomplished by either chemica methodsor physical methods. Inthechemica
method, the unwanted gases are removed by means of compound formation
whileinthe physica method, these areremoved by thefractional evaporation of
liquidair.

CHEMICAL METHOD

Thefirst step inthismethod isto isolate the nobl e gases mixed together,
from the atmosphere by passing repeated el ectric sparksin air so astoremove
nitrogen and oxygen asnitrogen dioxide (N, + 20, — 2NO, ). The second step
isto separate the various congtituentsfrom one another taking advantage of the
fact that they can be adsorbed on activated charcod at different temperatures.

Step 1 Removal of oxygen and nitrogen of the atmospher e as Nitrogen
dioxide

Ramsay - Raleigh’smethod: - A mixtureof air and oxygen isconstantly
admitted into aglassglobe of about 50 litrescapacity. Two platinum electrodes
areintroduced and adischargefrom atransformer of about 6000 - 8000 voltsis
passed by the action of which nitrogen and oxygen rapidly combineto form
oxidesof nitrogen. Theoxidesaredissolved outinasolution of sodium hydroxide
continuoudy circulated through theflask.

N.+O, —2NO
2NO + 0, — 2NO,
2NO, + 2NaOH — NaNO, + NaNO, +H,O

Oxygenif any isremoved by introducing alkaline pyrogallol intheglobe.
Thesupply of air and € ectric dischargeisshut after sometimeand theremaining
mixture of noblegasesispumped out.
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P

Soda out
—

-
Soda in

Fig. 3.9 Chemical method for isolation of noblegases
Step 2 Separation of noble gases (DEWAR'SMETHOD)

Themixture of noble gasesobtained by the above method isseparated into
individua constituents by the use of coconut charcoal which adsorbsdifferent
gasesat different temperatures.

Gasesin
—_

COCONUT
CHARCOAL

COLD 8ATH

—— DEWAR FLASK

Fig. 3.10 Separ ation of noble gases (Dewar’smethod)

Themixture of noblegasesis passed into adouble-walled bulb containing
coconut charcoa and placedinalow temperaturebath at 173K. Itisallowedto
remainin contact with the charcoa for about half an hour. At 173K, only argon,
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krypton and xenon are adsorbed by the charcoa while helium and neonremain
unadsorbed. These are pumped out and collected.

Themixture of helium and neoniskept in contact with coconut charcoal at
93K which completely adsorbs neon leaving free helium.

Thecharcoal at 173K containing argon, krypton and xenonisplaced in
contact with another charcoal at the temperature of theliquid air when argon

diffuseintotheother charcod.

Thetemperature of thefirst charcoal (temp.173K) still containing krypton
andxenonisraisedto 183K when kryptonisset freewhilexenonremain adsorbed
inthecharcoa. Whenitisheated, xenonisrecovered.

XENON FLUORIDE COMPOUNDS

Xenonformsthree binary Fluorides XeF,, XeF,, and XeF, by thedirect
union of eementsunder appropriate experimental conditions.

673K
Xet+F —»  XeF

2 2

673K
Xe+2F, —p  XeF

4

573K
Xet3F, —»  XeF

6

PROPERTIES: XeF,, XeF, and XeF_ arecolourlesscrystdlinesolidssubliming
readily at 298K. They are powerful fluorinating agents. They are readily
hydrolysed by even tracesof water. For example.

2XeF,+2H,0 — 2Xe+ 4HF + O,

Structure: The structure of the three xenon fluorides can be deduced from
VSEPR theory. XeF, and XeF, have the linear and sguare planar structure
respectively. XeF,, has 7 electron pairs (6 bonding and onelone pair) and thus
haveadistorted octahedral structureinthe gasphase.
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USESOF NOBLE GAS

(A)HELIUM

1. Becauseof itslightnessand non-inflammability heliumisusedtofilling
ball oonsfor meteorol ogical observations.

2. Becauseof itslightnessitisusedininflating aeroplanetyres.

3. Heiumoxygen mixtureisused by deep-seadiversin preferenceto nitrogen
oxygen mixtures. Itismuchlesssolubleinblood than N,,.. This prevents
“bends’ whichisthepain caused by formation of nitrogen bubblesin blood
veinswhen adiver comesto the surface.

4. A mixtureof oxygen and heliumisusedinthetreatment of asshma.

5. Liquidhdium (b.pt 4.2K) isused ascryogenic agent for carrying out various
experimentsat low temperatures.

6. Itisusedto produceand sustain powerful super conducting magnetswhich
formessentid part of modern NM R Spectrometersand Magnetic Resonance
Imaging sysem (MRI) for clinica diagnosis.

(B) NEON

1. Neonisusedindischargetubesand fluorescent bulbsfor advertisement
display purposes.

2.  Mixedwithheliumitisusedto protect electrical instrumentsfrom high
\oltages.

3. Itisdsousedinbeaconlightsfor safety of air navigation asthelight possesses
fog and storm-penetrating power.

4. Neonlightisusedinbotanica gardensasit stimulatesgrowth and helpsthe
formation of chlorophyll.

(C) ARGON

1. Mixedwith 26% percent nitrogenitisusedin gasfilled electriclamps.

2. ltisasousedinradiovavesandtubes.

(D) KRYPTON AND XENON

1. Kryptonandxenonaredsousadinfillingincandescent metd filament eectric
bulbs.

2. They aredsousedtoasmall extentin dischargetubes.

(E) RADON

1. Itisusadinradioactiveresearch andinradiotherapy for trestment of cancer.
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SELFEVALUATION
Choosethecorrect answer
Which of thefollowing doesnot belong to group 137?

aB b) Al c) Ge d)In
Which of thefollowing ismost abundant in earth’scrust?
aC b)S c) Ge d) Sn

Andement whichwasburnt inlimited supply of air to giveoxide A which
ontreatment with water givesan acid. B. Acid B on heating givesacid C
which givesyellow precipitate with AgNO, solutionA is

a) SO, b) NO, c)P,0O, d) SO,
Thecompoundwith garlicodour is

a)P,0O, b) P,O, ¢) H,PO, d) H,PO,
Theshapeof PCl, is

a) pyramida b) trigona bipyramidal

C) linear d) tetrahedra

The compound used as smoke screen

a) PCl, b) PCI, c) PH, d) H,PO,

Which showsonly -1 oxidation state?

a) fluorine b) bromine c¢) chlorine d)iodine

One can draw the map of building onaglassplate by

a) HI b) HF C) HBr d) HCI

Among thehalogen acid, theweakest acidis

a) HF b) HCI C) HBr d) Hi
. Haogensbel ong to the group number

a 14 b) 15 c) 17 d) 18
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12.

13.

14.

15.

B.

16.
17.
18.
19.
20.

The noble gases are unreactive because they

a) have samenumber of electrons  b) havean atomicity of one
c) aregaseswithlow densities d) have stabledectronic configuration.

Theshapeof XeF,is
a) tetrahedral  b) octahedral c) squareplanar d) pyramidal
Whichisnot known?

a) XeF, b) XeF, c) XeO, d) ArF,
Thelightest gaswhichisnon-inflammableis

a) He b) H, C)N, d) Ar
Which of thefollowing hashighest first ionisation energy?
a) He b) Ne C) Ar d) Kr.

Answer in oneor two sentences
Writeanote on plumbo solvency.

H,PO, isdiprotic. Why?

Draw thestructureof &) PCI, b) H,PO,
Provethat P,O, apowerful dehydrating agent.
Why H,OisaliquidwhileH_Sisagas?

21. Why the compounds of fluorinewith oxygen are called fluorides of oxygen

22.

23.
24,
25.
26.

and not oxidesof fluorine?

Fluorineatomismore el ectronegativethaniodineatomyet, HF haslower
acid grengththan HI. Explain?

What areinterhal ogen compounds? How arethey formed?
Discusstheoxidising power of fluorine.

How is X eF, prepared?

Why do noble gasesform compoundswith fluorineand oxygen only?
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27.

28.
29.

30.

31.

32.

33.
34.

Writethe usesof Neon?
Answer not exceeding 60 wor ds
What aresilicones? How arethey prepared? Mentionitsuses?

Givean account of manufactureof lead. Describeitsimportant properties
and uses.

How arethefollowing compounds prepared from phosphorus?

a) P,O, b) P,O, c) PCl, d) PCI, e)PH,

How fluorineisisolated fromtherr fluorides? Describeitsimportant properties
and uses.

Giveadetalled account of theinterhal ogen compoundswith specid reference
tothecompoundsinvolvingiodine. Draw their structures.

Describeindetail how noble gasesareisolated fromair?
Givean account of varioustypesof compoundswhich areformed by xenon?
Practice Problems

An element A belongsto 14" group isametal, which can be cut with a
knife. Itisnot agood conductor of heat and eectricity. A in pure statedoes
not react with water but air dissolved water formshydroxide. |dentify A.

Anelement A occupiesgroup number 15 and period number 3, exhibits
dlotropy anditistetraatomic. A reactswith caustic sodaato give B which
ishaving rotten fish odour. A reactswith chlorineto give C which hasa
smell of garlic. Identity A, B and C. Writethereactions.

Anelement A occupiesgroup number 15 and period number 3, reactswith
chlorineto givecompound B. Thecompound B on hydrolysisgivesadibasic
acid C. Thecompound C on heeting undergoesauto oxidationand reduction
togiveatribasicacid D. Identify theelement A, compound B, C and D.
Writethereactions.

Anedement A occupiesgroup number 17 and period number 2, isthemost
electronegative dement. Element A reactswith another element B, Which
occupiesgroup number 17 and period number 4, to giveacompound C.
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Compound C undergoes sp*d? hybridisation and has octahedral structure.
Identify the elements A and B and the compound C. Writethereactions.

SUMMARY

»  Groups 13-18 of the periodic tableare known as p-block elements.

»  Group 13isknown asboron family. Potash dumismanufactured from
dunite

»  Group 14isknown ascarbon family. Siliconesare organo silicon
polymers. Lead isextracted from galena.

»  Group 15 isknown asnitrogen family. Phosphorusform oxides, halides,
oxyacidsand hydrides.

»  Group 16isknownasoxygenfamily.

»  Group 17 isknown asha ogen family. Huorinehasdifferent behaviour than
other halogens. Halogensare extremely reactiveand assuch they arefound
inthecombined sateonly. Fluorineisthemost e ectronegeativeof dl eements.
F, isobtained by electrolysisof their halide sdts.

» Group 18isknown asraregasesor inert gases, with closed valence shell
electronic configuration exhibit low chemical reactivity. Xenon canform
compoundswith fluorine.
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4. d-BLOCK ELEMENTS

Learning Objectives

> To study the nature of four transition series and their general
characteristic properties of d-block elements.

> Tolearn the general methods of extraction of metals.
> To have an idea about the composition, properties and uses of alloys.

> To study about the methods of preparation of compounds, their
properties and uses.

4 N\
“Therewill comeatime, whentheworldwill befilled with onescience, one
truth, oneindustry, one brotherhood, onefriendship with nature... thisismy
beief, it progresses, it growsstronger, thisisworth living for, thisisworth
watingfor.”

Dimitry Mendeleyev, Russan Chemistin YA Urmantsev.
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d-Block
TRAMNSITION ELEMENTS

5] 6 [ 7 1% 19110

23 (24|25 |26 | 27| 23
V | Cr|Mn|Fe |Col| Hi

41 |42 | 43 |44 |45 |
Mb |Ma| Tc |Fu | Rk | Pd

T I E S IS LT T
Ta | W | Be |Os | Ir | Pt

105 | 106 | 107|102 | 109 [ 110
Ha | Dh | Bh | Hs | Mt |Uun

Thed-block elementsarelocated in the middle of the periodic tableand
consgsof metasonly. It condstsof four series, each seriesconsstsof 10dements.

Inthese elements, thelast e ectron entersthed orbital of the penultimate
shdl i.e. thelast electron goesto (n-1) d orbital. Hencethese e ementsare named
as d-block elements. These elements have partly filled d-subshellsin their
elementary formor intheir smpleions. Thed-block dementsarecaledtrangtion
elementsbecausetheserepresent atrangtion from highly e ectropositivee ements
(metals) of s-block to least el ectropositive e ements (non-metals) of p-block.

Classification of d-block Elements

Based on whether thelast electron goesto 3d,4d,5d or 6d orbital, d-block
elementsareclassifiedinto four series. They are

i) 3dseriesor Firsttransition series(,,Scto,,.Zn)
ii) 4dseriesor Second transition series(,,Y to ,,Cd)
i) 5dseriesor Thirdtransitionseries(, Laand ,,Hf to . HQ)

iv) 6d seriesor Fourthtransition series (,,Acand , Rf to 112) or Incomplete
series.
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Electronic configuration of d-block Elements

Inthetransition elements, d-orbitalsof penultimate shell are successively
filled. Thefirst trangition seriesinvolvesthefilling of 3d orbitals. It startsfrom
scandium (Z=21) and goesup to zinc (Z=30).

Thesecond trangition seriesinvolvesthefilling of 4d-orbitalsand includes
10 dementsfrom yttrium (Z=39) to cadmium (Z=438).

Thethirdtrangtion seriesinvolvesfilling of 5d-orbitals. Thefirst e ement of
this seriesis lanthanum (Z=57). It is followed by fourteen elements called
lanthanideswhichinvolvethefilling of 4f-orbitals. The next nineelementsfrom
hafnium (Z=72) to mercury (Z=80) belong to third transition series.

The general electronic configuration of transition elements is
(n-1)d*°ngt2,

4.1 General characteristicsof d-block elements
4.1.1 Atomicand lonicRadii

Theatomicandionicradii of trangtion eementsaresmaller thanthose of p-
block el ementsand larger than those of s-block €lements. Theatomicandionic
radii of first trangtionelementsaregiveninthe Table4.1.

Table4.1 Atomicradii of eementsof first transition series

Element Sc Ti \Y Cr{Mn| Fe | Co | Ni Cu Zn

Atomic

(pm) radii 1441 132 122| 118 | 117 | 117 | 116 | 115 | 117 | 125

Theatomic radii of first transition series decreasesfrom Scto Cr and
remainsalmost constant till Cu and then increasestowardsthe end. Thiscan
be explained based on two effects namely screening and the nuclear charge
effect. Thesetwo effects oppose each other resulting in increasein nuclear
charge. Hence very slight variation in the atomic radii from Crto Cuis
observed.

It has been observed that Zirconium and Haf nium have almost equal
atomicradii. Thisisbecause of |anthanide contraction.

412 Metalliccharacter
All thetransition e ementsaremetas, sincethe number of dectronsinthe
outermost shell isvery small, being equal to 2. They are hard, malleable and
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ductile. The presence of partially d-orbitalsfavours covaent bonding. These
metalsare good conductorsof heat and el ectricity.

4.1.3 Formation of colouredions

Mogt of thetrangtion metal compoundsarecolouredintheir solid or solution
form. The colour of transition metal ionsisdueto the presence of unpaired
electronsin it and the energy gap between two energy levels in the same
d-subshd| being smal. Hencevery smdl amount of energy isrequiredfor excitation
of electronsfrom oneenergy level totheother. Theenergy canbeeasly provided
by thevigblelight. The colour observed correspondsto the complementary colour
of thelight absorbed.

Thecolour of sometranstionmeta ionsaregivenintheTable4.2.

Ton Outer Configuration Colour
Sc¥, T+ 3do Colourless
T#* 3! Purple
S idz Creen

A Ty 3d3 iolet
M3+ Jd4 WVinlet
Ind+ 3ds Fink
Fex Jds Brown
Fex 3ds Creen
Cod 3d7 Pink
M2 Jds Green
Cu Jde Blue
Cur idw Colourless
T+ Jdw Colourless
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It may be noted that Zinc, Cadmium and Mercury saltsdo not form any
coloured compoundsbecause of theabsence of vacant d orbita stowhich dectrons
canbeexcited. Sc* ionsarea so colourlessbecause of theabsence of d-electrons.

4.1.4 Catalytic Properties

Most of thetransition metalsand their compoundsare used ascatalyst.
Thecataytic activity of trangtion metalsisdueto thefollowing reasons.

i)  They show avariety of oxidation statesand thereby can formintermediate
productswith variousreactants.

i) They areaso capableof forming interstitial compoundswhich can adsorb
and activatethereacting species.

Some examplesof catalyst are

i) Iron/molybdenum act ascatalyst inthe synthesisof ammoniaby Haber’s
Process.

i) Vanadium pentoxide (V,O,) isused for catalytic oxidation of SO, t0 SO,

i) TiCl,isemployed asacatayst inthe manufacture of polythene.

415 Variableoxidation states

All trangtiondementsexhibit variety of oxidaion Sates(or) variablevaencies
intheir compounds. Thisproperty isdueto thefollowing reasons.

i) Thesedementshavesevera (n—1) dand nselectrons.
i) Theenergiesof (h—1)dand nsorbitalsarefairly closeto each other.
Salient featuresof oxidation statesof transition elements

1. Thedementswhichexhibit themaximum number of oxidation states occur
either inor near themiddle of the series. For example, inthefirsttransition
seriesmanganese exhibits maximum number of oxidation Sates(+2to +7).

2.  Theedementsinthe beginning of the seriesexhibit fewer oxidation states
because they have less number of d-electrons which they can lose or
contributefor sharing. The elementsat theend of the seriesexhibit fewer
oxidation states, because they havetoo many d el ectronsand hencefewer
vacant d-orbitalscan beinvolvedin bonding.
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3. Thetrangtioneementsinlower oxidation states (+2 and +3) generdly form
ionic bondsand in higher oxidation state form covalent bonds.

4. Thehighest oxidation state shown by any trangition metd is+8. For example,
ruthenium and osmium show highest oxidation statesof +8in someof their
compounds.

5.  Sometransition metals show oxidation state of zero in their compounds.
Ni(CO), and Fe&(CO), are common examples.

4.1.6 MagneticProperties

The magnetic properties of asubstance are determined by the number of
unpaired eectronsinit. Therearetwo main type of substances.

i) Paramagnetic substances

The paramagnetic character arises because of the presence of unpaired
electrons. Paramagneti c substances are the substanceswhich are attracted by
magneticfidd.

i) Diamagnetic Substances

Diamagnetic character arises because of the absence of unpaired electrons.
Diamagnetic substance are the substanceswhich are repelled by the magnetic
fidd.

Most of thetransition elementsand their compoundsare paramagnetic and
areattracted by magneticfield. Greater the number of unpaired electronsinthe
substance greater isthe paramagnetic character, The magnetic character of a
substanceisexpressed in termsof magnetic moments. The magnetic moment
can beca culated usngtherelation

H=+/n(n+2)BM (Bohr Magneton)
n = number of unpaired eectrons
Example

Ti®* - Thenumber of unpaired e ectronsis 1. Hence

n=y1(1+2)BM = /3 =1732B.M
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Larger the va ue of magnetic moment, thegreater isthe paramagnetic character.

In addition to paramagnetic and diamagnetic substance, thereareafew
subgtancessuch asironwhicharehighly magneticascomparedto ordinary metas.
These substancesare call ed ferromagnetic substances

4.1.7 Complexformation

Thecationsof d-block e ements have strong tendency to form complexes
with certain molecules (e.g. CO, NO, NH,.....etc) or ions(e.g. F, Cl;, CN-
....etC) called ligands. Their tendency to form complexesisdueto two reasons.

i)  Smdl szeand high positivechargedensity.

i)  Presenceof vacant (n-1)d orbital swhich are of appropriate energy to accept
lone pair and unshared pair of e ectronsfrom theligandsfor bonding with
them.

Examplesof somecomplex compoundsare,
[Cu(NH,),J**, [Ag(NH,),]*, [F&(CN) ]*.....etc.
4.1.8 Formation of alloys

Trangition metalsform alloyswith each other. Thisisbecausethey have
amost smilar sizeand theatomsof onemetal can easily takeup positionsinthe
crystal lattice of the other.

Eg. Alloysof Cr-Ni, Cr-Ni-Fe, Cr-V-Fe, Mn-Fe......etc.
4.2 FIRST TRANSITION SERIES
4.2.1 Occurrenceand principlesof extraction of copper

Atomicmass : 63.54 Vdency : land?2
Atomicnumber : 29 Symbol : Cu
Positioninthe periodic table: Period Number -4, Group Number -11.

Occurrence

Copper wasknownto theearliest racesof mankind. It wasnamed ascuprum
by the Romansbecausethey used to get it fromtheisland of Cyprus. Copper
isfoundinthenative state aswell asin the combined state. Native copper is
foundinlargequantitiesin Michigan (USA). InIndia, copper ismainly foundin
Singhbhum (Bihar), Khetri and Darbia(Rajasthan) andin Tamilnadu.
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Ores

)  Copper pyrite, CuFeS..
i)  Cupriteor Ruby copper, Cu,0.
iii)  Copper glance, Cu,S.
Thechief oreof copper iscopper pyrite. It yieldsnearly 76% of theworld
production of copper.

Extraction from copper pyrites

Extraction of copper from copper pyritesinvolvesthefollowing steps.
1. Crushingand concentration

Theoreiscrushed and then concentrated by froth-fl oatation process.
2. Roasting

The concentrated oreisheated strongly inthereverberatory furnace, in
excessof ar. During roasting,

)  Moistureisremoved.

i)  Thevolatileimpuritiesareremoved.

ity Sulphur, phosphorus, arsenic and antimony which are present asimpurity
areremoved asvolatileoxides.

S+0, — SO,
P, +50, - 2P0,
4As+30, —» 2As0O,
iv) Thecopper pyriteispartly converted into sulphidesof copper andiron.

2CUFeS,+0, — Cu,S+ 2FeS+ SO,
2FeS+30,  — 2FeO+2S0,

3. Smelting

Theroasted oreismixed with powdered cokeand sand andisheatedina
blast furnace. Itismadeof sed plateslinedinsdewithfireclay bricks. Hot air at
800°Cisintroduced from thetuyersnear the base of thefurnace. Asaresult, the
following changesoccur.

2FeS + 30, — 2FeO+ 230,
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FeO + SO, — FeSO,(fusiblesag)
2CuS+ 30, — 2Cu0 +2S0,
Cu0 + FeS — CuS+ FeO

FeO + SO, — FeSO,(fusbledag)

Asa result of smelting, two separate molten layersareformed at the bottom of
thefurnace. Theupper layer consistsof dag andisremoved asawastewhilethe
lower layer iscalled matte. It chiefly consists of cuprous sul phide and some
unchanged ferroussulphide.

4. Bessemerisation

Themolten matteistransfered to aBessemer converter asshownintheFig.
4.2. The Bessemer ismounted on ahorizontal axisandisfitted with small pipes
called tuyeresthrough which ablast of hot air and fine sand isadmitted.

Any sulphur, arsenic and antimony still present escape astheir respective
oxides. Ferrous sulphide present in matteis oxidised to ferrous oxide which
combineswithslicatoformdag

oFeS + 30, — 2FeO + 250,
FeO + SO, — FeSIO, (dag)

Some of the cuprous sul phide undergoes oxidation to form cuprousoxide
which then reactswith more cuprous sul phideto give copper metal. Theimpure
metal thusobtained iscalled blister copper and isabout 98% pure.

2Cu,S +30, — 2Cu0 + 2S0,
2Cu0 +CuS — 6Cu  + SO,

5. Ré€fining

Bligter copper containsabout 2% of impuritiesanditispurified by dectrolytic
refining.
Electrolytic Refining

Thismethod isused to get metal of high degreeof purity. For eectrolytic
refining of copper,

i) A block of impure copper metal actsasanode
i)  Athinplateof pure copper metal actsascathode
iif)  Copper sulphatesolution acidified with sulphuric acidistaken aseectrolyte.
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When el ectric current i s passed through the e ectrol yti ¢ sol ution pure copper get
deposited on the cathode ,impurities settle near the anodein theform of dudge
called anode mud.

Properties
Physical properties

Copper isareddish brown metal, with high lustre, high density and high
melting point 1356°C.

Chemical Properties
i) Actionof air and moisture

Copper getscovered with agreen layer of basic copper carbonate, inthe
presence of CO, and moisture

2Cu+0,+CO,+HO —  Cu(OH),.CuCO,
(Green) Copper Carbonate

if) Action of Heat

Copper when heated to redness (below 1370K) inthe presenceof oxygen
or air, first it getsconverted to black cupric oxide and further heating to above
1370K, it gets converted into red cuprous oxide.

2Cu + O,  _Bdw w0OK ,  2CuO
4Cu + 02 Above 1370 K 2CU20

iii) Action of acids
a) Withdil.HClandH_SO,

Diluteacidssuch asHCl and H,SO, have no action onthese metalsinthe
absence of air or an oxidising agent. Copper dissolvesin these acidsin the
presenceof air

2Cu +4HCI + 0O, (air) — 2CuCl, + 2HO
2Cu+2H,SO,+ O, (air) — 2CuSO,+2H.,0
b) Withdil. HNO,
Copper reactswith dil. HNO, with theliberation of NO gas.
3Cu+8HNOdil) — 3Cu(NO,), + 2NOT +4H,0
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¢) Withcon.HNO,and con.H,SO,

Copper reactswith con.HNO, and con.H,SO, with theliberation of
NO, and SO, respectively.

Cu+4HNO,(con) —  Cu(NO,),+2NO,T +2H,0
Cu+2H,S0,(con) — CuSO,+SO,T +2H,0
iv) Action of chlorine
Chlorinereactswith copper, resulting intheformation of copper chloride.
Cu+Cl, — CuCl,
v) Action of alkalis
Copper isnot attacked by alkalies.
Uses

1. Itisextendvely used for making e ectric cablesand other eectric gppliances.
2. Itisusedfor making utensils, containers, calorimeters, coins, ...... etc.

3. Itisusadinéectroplating.

4. Itisaloyedwithgold and silver for making coinsand jewellery.

Alloysof Copper

Alloy % composition Uses

i) | Brass Cu = 60-80, Zn = 20-40 | For making utensls, condenser
tubes, wires, .....etc.

ii) | Bronze |Cu=75-90, Sn=10-25 | For making cooking utensls,
statues, coins...€tc.

iii) | Gunmetd| Cu =87, Sn = 10, Zn = 3| For making gun barrels, gears,
castingsetc.
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4.2.2 Occurrenceand principlesof extraction of chromium

Chromium
Atomicmass @ 51.99 Vdency : 0,1,2,3,4,5,6
Atomicnumber : 24 Symbal : Cr

Positionintheperiodictable : Period Number -4, Group Number -6.

L.N. Vanquelin, afrench chemist discovered anew element in 1797, while
examining amineral foundin Siberia. It wasnamed chromium becauseit forms
coloured compounds [ Greek word - chroma- colour]

Occurrence

Metallic chromium doesnot occur inthenativesate. In Indiachromiteore
occursin Bihar, Mysore, Chennai and Bombay.

Ores
Theimportant oreof chromiumis

Chromite or chromeore, FeO Cr,O,

Thechief oreof chromiumischromiteore.
Extraction of chromium metal from chromiteore

Theextraction of chromiummetal from chromiteoreconsstsof thefollowing
steps.

1. Concentration
The crushed oreisconcentrated by gravity separation method.
2. Conversion of theconcentrated chromiteoreinto NaCrO,

The concentrated oreismixed with excess of Na,CO, and asmall amount
o limeandroastedinareverberatory furnace at 900-1000°C in the presence
of freesupply of air. During thisprocess, chromite oreisconverted into soluble
sodium chromate.
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4(FeO. Cr,0,) + 8Na,CO, + 70, (from air)
Chromiteore J 900-1000°C

8Na,CrO, +2Fe,0, + 8CO,
Soluble Insoluble

Conversion of NaZCr O4 into Na20r207

Thesolution containing Na,CrO, istreated with acal cul ated quantity of
H,SO,, Na,CrO, isconverted into Na,Cr,O..

2Na,CrO, + H,S0, — NaCr,0, + Na,SO, + H,0
Conversion of Na,Cr,O.intoCr 0O,

Na,Cr,O, isheated with carbon to get sodium chromite, Na,Cr,O, which
ontreatment with H,O, gives Cr,O, precipitate.

NaCr,0,+3C — NaCr,0, +3COT

Na,Cr,0, +H,0 — Cr,0,l +2NaOH
Reduction of Cr ,O,to chromium metal
Aluminother mic process

Fig. 4.1 Aluminother mic process

1.BaO, + Mg Powder 2. Fireclay crucible 3. Magnesiumribbon,
4.Sand  5.Cr,0,+Al

Chromic oxideismixed with powdered Aluminiumintheratio3:1andis
placedinalargefireclay crucible. A mixtureof barium peroxideand Mg powder
isplaced over this. The crucibleissurrounded by sand which preventsloss of
heat by radiation. The mixtureisignited by apiece of Mg ribbon. During this
processalargeamount of heet isliberated, inwhich Cr,O, isreduced to chromium.

111



Themolten chromiumiscollected inthe crucibleand duminium oxideisremoved
asdag.
Cr,0,+2Al —2Cr + Al,O, +468.6 kJ
Properties of Cr
Physical Properties
1. Themetd isslvery whiteand crystaline.
2. ltisvery hard andbrittle
3. Itmeltsat 2113K.

Chemical Properties
1. Actionof air : Itisunaffected by air at ordinary temperatures.

When heated to very high temperature at about 2000°C it isoxidised to
chromicoxide.
4Cr + 30, — 2Cr,0O,

2. Action of Water : Thereisno action at ordinary temperatures. However it
decomposes steam at red heat to give chromic oxide and hydrogen.

2Cr+3H,0 — Cr,0, + 3H,

3. Action of Acids: It dissolvesindilute hydrochloric acid and sulphuric acid
toliberate hydrogen and formschromous salts.

Cr +2HCl — CrCl+ H,T

Cr +H,S0, — CrsO,+ H,T
4.  With hot concentrated sul phuric acid it gives chromic sulphateand liberates
sulphur dioxide.

2Cr + 6H,S0, — Cr(SO,), + 350, + 6H,0

5. Dilutenitric acid does not attack the pure metal while concentrated acid
rendersitinactive or passivei.e., it doesnot show itsusual reactions.

6. Actionwith Halogens: Chromium combinesdirectly withfluorineand dry
chlorinetogivechromium (111) haides.

2Cr + 3F, — 2CrF,
2Cr + 3Cl, — 2CrCl,
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Use: Inchrome- plating.

Thearticlesto beplated with chromium aremadethe cathodein aneectrolytic
bath consisting of chromic acid and sulphuric acid whiletheanodeismade
of aplate of lead. During electrolysis chromium depositson the article
(cathode). Generdly thearticlesarefirgt plated with nicke and then subjected
tochromium plating.

1

Alloysof chromium

Inthe manufacture of alloy steels(e.g.) chromesteel, chrome vanadium
stedl, stainlessstedl and tungsten stedl.

Chromenickel stedl isused for armour plates.

Chromium saltsare used asmordantsand in the manufacture of coloured
glassand pottery.
Chromium compounds are used in dyeing as pigments and in tanning of

legther.

Alloy % composition Uses
i) |Ferochrome | Cr=65% Fe=35% |[It is used in manufacture of
chromested, burglar proof safe

i) | Sainlesssted | Cr =11-13% Itisusedfor cutlery and house
C=0.1-04% hold wares.
Fe=73%Ni =8%

iif) | Nichrome Cr=15%, Ni =60% | Itisusedinresstancewires
Fe=25% for electrical heating

iv) | Stdlite Cr = 20-35% Itisusedincutlery, surgica
Co = 40-80% ingruments,.....e{C.
Ni = 0.25%
C=0.75-25%
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4.2.3 Occurrenceand principlesof extraction of zinc

Zinc
Atomicmass : 65.37 Vdence: 2
Atomicnumber : 30 Symbal :  Zn

Positioninthe periodic table : Period Number -4, Group Number -12.

Theancient used andloy of Znand Cunot very different from brasswithout
knowing itsactua composition. Zinc hasbeen knowninour country for along
time and has been mentioned in Ayurvedic treatisesasyashda. It iscommonly
caledjast.

Occurrence

Zinc doesnot occur inthenativeform sinceitisareactivemetal . However,
inthecombined state, zinciswidely distributed.

Ores
Theimportant oresof zincare

i)  Zincblende, ZnS
i) Cdamine, ZnCO,
i) Zincite,ZnO
Thechief oreof ZincisZinc blende. InIndialarge depositsof zinc blendeoccur
inZawar minesnear Udaipur in Rgjasthan.
Extraction of Zincfrom Zincblende
Theextraction of Zincfrom Zinc blendeinvolvesthefollowing steps.
1. Concentration
Theoreiscrushed and then concentrated by froth-fl oatation process.
2. Roasting

The concentrated ore isthen roasted in the presence of excess of air at
about 1200 K.

A
2ZnS+30, —» 2Zn0  + 280,
3. Reduction

Zinc oxideismixed with powdered coke and heated to 1673 K in afire

clay retort, inwhich ZnO isreduced to zinc metal.
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Zn0+C _1BK . Zn+CO
Purification

Zincispurified by dectrolyticrefining. Inthisprocess, ImpureZincisanode
and cathode s of pure thin sheet of Zinc. The electrolyteis ZnSO, solution
containing alittleof dil.H,SO,. On passing e ectric current, purezinc get deposited
at the cathode.

Properties
Physical properties

i)  Zincisabluishwhitemetd
i)  Itisgood conductor of heat and electricity.
i) Itismalleasbleand ductile.

Chemical properties
i) Actionof air

When heatedinair at 773K, it burnsto form awhite cloud of Zinc oxide
which settlesto formawaooly flock called philosopher’swool.

2Zn+0, 773 K 27n0O
i) Action of water

Pure zinc does not react with water but impure zinc (Zn-Cu couple)
decomposes steam quitereadily evolving H, gas.

Zn+H,O(steam) - ZnO+H,
i) Action of diluteacids

Purezincisnot attacked by dilute acids. However, impure zinc reactswith
diluteacidswiththeliberationof H,.

Zn+2HCI  —  ZnCl,+H,T
Zn+H,SSO, — ZnSO,+H,T
iv) Action of con.H,SO,
Zinc reactswith hot con.H,SO, forming ZnSO,.
Zn+2H,80, — ZnSO, +S0, T +2H,0
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v) Actionof HNO,

Zinc reactswith HNO, at various concentrations and it gives different
products.

4Zn+10HNQO, (dil) -4 Zn (NO,), + N,O+5H,0
Nitrousoxide

4Zn+10HNQO, (very dilute) » 4 2Zn(NO,), + NH,NO, + 3H,0
Ammoniumnitrate

vi) Action of alkalies
Zinc dissolvesinhot NaOH solution forming soluble zincateion.

Zn+ 2NaOH + 2H,0 — Na,ZnO, + H,O
Sodiumzincate

Usesof zinc

1. Itiswiddy usedfor gavanizingironsheets.

2. Itisusedintheextractionof gold and silver by the cyanide process.

3. Zincplatesandrodsareusedin batteriesand dry cells.

4. Zincdust and granulated zinc areused inlaboratory asreducing agents.
4.3 SECOND TRANSITION SERIES

4.3.1 Occurrenceand principlesof extraction of silver

Silver

Atomicmass : 108 Vdency : 1

Atomicnumber : 47 Symbal : Ag
Positionintheperiodictable : Period Number -5, Group Number -11.

Occurrence

Silver occursboth inthe native aswell asinthe combined state.
Ores

Theimportant oresof silver are

)  Argentiteor siverglance, Ag,S

i)  Hornslverorchlorargyrite, AQCl
iii) Pyrargyriteor Ruby silver, Ag,S. Sb, S,

Thechief oreof silver isArgentite. Theslver content inthese oresisvery small
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(about 1%0). Silver isobtained to asmall extent fromthegold oresin thekolar
fieldsin Karnatakaandin the Anantapur mines.

Extraction of silver from the Argentiteore

Silver isextracted from the argentite ore by the Mac-Arthur and Forrest’s
cyanideprocess. Thevariousstepsinvolved inthisprocessareasfollows.

1. Concentration
Thecrushed oreisconcentrated by froth-floatation process.
2.  Treatment of theorewith NaCN

Theconcentrated oreistreated with 0.4-0.6% sol ution of sodium cyanide
for severd hours. Themixtureiscontinuoudy agitated by acurrent of air, sothat
Ag presentintheoreisconverted into soluble sodium argento compl ex.

Ag,S+4NaCN = 2Na[Ag(CN),] + Na,S
Sodium argento cyanide (soluble)
3. Precipitation of silver

Thesolution containing sodium argento cyanideisfilteredtoremoveinsoluble
impuritiesandfiltrateistreated with zinc dust, Silver getsprecipitated.

2Na[Ag(CN),] + Zn— Na[Zn(CN),] + 2Agl
4. Electrolyticrefining

Theimpuresiverisfurther purified by dectrolyticrefining. Theimpuresilver
is made the anode while a thin sheet of pure silver act as the cathode. The
electrolyteissilvernitrate acidified with 1% nitric acid. On passing el ectricity
puresilver getsdeposited at the cathode.

5. Extraction of silver from silver coins

Silver coinsare Ag-Cu aloys. Ag can be obtained from such an allloy by
dissolving thealloy in concentrated HNQ,, a sol ution containing mixtureof AgNO,
and Cu(NQ,), is obtained. Thesolutionishboiled to expel excessof nitric acid,
thenthe solutionistreated with con.HCl, silver isprecipitated asAgCl. AgCl is
separated and converted to silver by fusing with excessNa,CO..

4AgCl + 2Na,CO, — 4Agl + 4NaCl +2CO, + O,
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Thesilver thusobtained, ispurified by fusion with borax and followed by
eectrolytic purification.

Properties
Physical properties

i) Itisawhitelustrousmetd.
i) Itmeltsat 1233°C and boilsat 2485°C.

i) Molten silver absorbs about twenty timesitsvolume of oxygenwhichit
again expelson cooling. Globulesof molten silver arethrown off. Thisiscalled
“gpitting of silver”. Thiscan be prevented by covering the molten metal witha
layer of charcod.

Chemical properties
i) WithdiluteHNO,
DiluteHNO, reactswith silver liberating nitric oxide.
3Ag + 4HNO, — 3AgNO, + NOT + 2H.,0
i) Withcon.HNO,or con.H,SO,
Hot con.HNO, or con.H,SO, react with silver liberating NO, and SO,
respectively.
Ag+2HNO, ->AgNO, + NO,T + H,0
2Ag+2H,50, —Ag,S0,+S0,T +2H,0
iii) Actionwith chlorine
Chlorineattacksdlver, forming silver chloride.
2Ag+Cl, — 2AqCl
iv) Action of alkalies
Silverisnot attacked by alkalies.
Uses of silver

)  Slversdtsareusadinglvering of mirrors
i)  AgBrisusedinphotography
i) Slver sdtsareusedinglver plating.
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iv)  Silverisusedinmaking eectrodes.

v)  Silverleaf isusedinmedicine, whilesilver anagamisemployedin dental
filling.

44 THIRD TRANSITION SERIES

4.4.1 Occurrenceand principlesof extraction of gold

Gold

Atomicmass @ 196.97 Vdency :1and 3
Atomicnumber : 79 Symbal :  Au
Positioninthe periodic table: Period Number -6, Group Number -11.

Occurrence

Goldismainly foundinthe native state either mixed with quartz in ancient
rocks(vein gold) or scattered in sand and gravel (placer gold) or inthealluvial
sand (dluvid gold).

Ores

Theimportant oreof goldis

Alluvid sand or gravel

Nearly half of thetotal world production of gold comesfromtheminesin
South Africa. Indiaoccupies8th position among the gold producing countries of

theworld and account for about 2% of thetotal world production. TheKolar
minesin Karnataka produce about 99.97% of our gold output.

Extraction from Gold Ores- MacArthur Forrest CyanideProcess.
Theextraction of gold from the sulphide or telluride oreinvolvesthefollowing

steps:
i)  Crushing, grindingand concentration

Thegold oreiscrushed and powdered, and then concentrated by froth-
floatation process.

i) Roasting
The concentrated oreisroasted in excessof air or oxygenwhenimpurities
of sulphur, arsenic and tellurium are oxidised and escape astheir vol atile oxides.

119



iii) Treatment with KCN

Thefinely powdered roasted oreistakeninlarge vats made up of cement
or iron and having false wooden bottomswith holes. It isthen treated with a
dilute (0.5%) solution of KCN in presence of excessof air for 24 hours. Asa
result, gold dissolvesin KCN to form a soluble complex called potassium
aurocyanide.

4Au + 8KCN + 2H,0 + O, — 4K[AU(CN),] + 4KOH
Pot. aurocyanide

iv) Precipitation of gold

The above solution containing potassi um aurocyanideisfiltered to remove
insolubleimpuritiesand then treated with zinc dust. Gold being lesse ectropositive
than zinc, it getspreci pitated.

2K[AU(CN,] +Zn —K_[Zn(CN),] + 2 Aul
Theprecipitated goldisrecovered by filtration It isfurther purified by dectro-
refining.
iv) Electrolyticrefining

Thismethod isused when very puregoldisrequired. Theimpuregoldis
madetheanodewhileathin sheet of puregold actsasthecathode. Thedectrolyte
consistsof asolution of auric chloride (AuCl,) acidified with 10-12% HCI. On
passing current pure gold gets deposited on the cathode.

Properties
Physical properties

i)  Goldisalustrousyellow metal whichmeltsat 1063°Ctoagreenliquid and
boilsat 2610°C.

i) Itisthemost malleableand ductileof all metals.
iif) Itisagood conductor of heat and el ectricity.
Chemical properties

i)  Goldisunaffected by dry or moist air or oxygen.
i)  Alkaieshavenoactionongold.
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i)  With Aquaregia
Gold dissolvesinaguaregia (3 partsof con.HCl + 1 part of con.HNO,) to
formauricchloride.
2Au + 9 HCI + 3HNO, — 2AuCl, + 6H,0 + 3NOCI
Auricchloride  Nitrosyl chloride
iv) Withchlorine
At 200°C, goldisreadily attacked by chlorineforming auric chloride.
2Au+3Cl, — 2AuCl,

Uses

i) Itisusedincoinage, jewellery and ornamenta vessals.

i)  Goldleaf isusedfor decorations, lettering and in medicineastonic.

i) “Purpleof cassius’ whichisacombination of gold with colloidal stannic
hydroxideisused for making ruby red glassand high classpottery.

Fineness of gold

Gold content of an alloy of gold istermed itsfinenessand is generally
expressed in carats. Puregoldis 24 carats. Ornamentsavailablethese daysare
made of 18 carat gold, whichisan aloy containing 18 partsby weight of gold
aloyed with 6 partsby weight of another metal generally copper.

45 COMPOUNDS
4.5.1 Potassumdichromate(K,Cr,O,)
Prepar ation of potassum dichromatefrom chromeiron ore

The preparation of K_Cr,O, fromitsoreinvolvesthefollowing steps
i)  Conversion of chromeiron oreto sodium chromate

The powdered oreismixed withNa,CO, and quick lime, thenroastedina
reverberatory furnacewith freeexposetoair.

4Fe0.Cr,0, + 8Na,CO, + 70, — 8Na,CrO, + 2Fe,0, + 8CO,T
i) Conversionof Na,CrO,toNa,Cr.O,

Sodium chromate sol ution so obtai nedisfiltered and trested with con.H,SO,,
when sodium chromateis converted to sodium dichromate.

2Na,CrO, + H,S0, — NaCr,0, + Na,SO, + H,0
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iil) Converson of sodium dichromateinto potassum dichromate

Hot concentrated solution of sodium dichromateistreated with KCl, when
potassium dichromate, being much less solublethan sodium salt, crystallizesout
oncooling.

NaCr,O,+2KCl — K.JCr,O, + 2NaCl
Properties
Physical properties

1. Itformsorangered crystaswhichmetat 396°C.
2. Itismoderately solublein cold water but freely solublein hot water.

Chemical properties
1. Actionof Heat

On heating, K.Cr,O, decomposesto give potass um chromatewith evolution
of O, gas.

4K Cr,0, — 4K CrO, + 2Cr,0, + 30,
2. WithAlkalies

When an alkali isadded to an orange-red solution of K.Cr,O._, ayellow
solution resultsdueto formation of potassum chromate.

K,Cr,0,+ 2KOH — 2K.CrO,+H,0
Orange-red Ydlow

on acidifying theyellow colour of K.CrO, again changesto orangered dueto
reformation of K. Cr,O..

2K.CrO,+ H SO, - K Cr,O,+K