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Unit-I
CHEMICAL BONDING

[l Achemical bond- attraction between
atoms, ions or molecules that enables the
formation of chemical compounds.

[ The bond may result from the
electrostatic force of attraction between
oppositely charged ions as in ionic bonds

[ The sharing of electrons as in
covalent bonds.




Ionic Bonding

A sodium A chioride A sodium A chloride
atom atom cation Anion

Na + Cl Na* - 6 =



CA Standards

Q Students know atoms combine to
form molecules by sharing electrons to
form covalent or metallic bonds or by
exchanging electrons to form ionic

bonds.

O Students know salt crystals, such
as NaCl, are repeating patterns of
positive and negative ions held
together by electrostatic attraction.




Bonds

 Forces that hold groups of atoms
together and make them function
as a unit.

<+ Ionic bonds - transfer of
electrons

< Covalent bonds - sharing of
electrons



The Octet Rule - Ionic Compounds

Ionic compounds form so that each atom, by
gaining or losing electrons, has an octet of
electrons in its highest occupied energy level.

Metals lose electrons to form positively-charged
cations

Nonmetals gains electrons to form negatively-
charged anions



Ionic Bonding:
The Formation of Sodium Chloride

1 Sodium has 1 valence electron

1 Chlorine has 7 valence electrons

1 An electron transferred gives
each an octet

Na: 1522522p6351@
Cli 1s22522p3543p5



Ionic Bonding:
The Formation of Sodium Chloride

This transfer forms ions, each

with an octeft:

Na* 1s2Rs22pS

Cl-  1s22s22p93s23p°




Ionic Bonding:
The Formation of Sodium Chloride

The resulting ions come together
due to electrostatic attraction
(opposites attract):

Na* CI-

The net charge on the compound
must equal zero



Mg?*Cl-,

Na*,0%-

A|3+252-3

Examples of Ionic compounds

Magnesium chloride: Magnesium
loses two electrons and each
chlorine gains one electron

Sodium oxide: Each sodium loses one
electron and the oxygen gains two
electrons

Aluminum sulfide: Each aluminum
loses two electrons (six total) and
each sulfur gains two electrons (six
total)



Metal Monatomic |Ion name
Cations

Lithium L Lithium

Sodium Na* Sodium

Potassium K* Potassium

Magnesium Mg?* Magnesium

Calcium Ca®* Calcium

Barium Ba?* Barium
Aluminum Al3* Aluminum


































Recall........

IONIC BOND- Transfer of electrons
Ex- NaCl

COVALENT BOND- Sharing of electrons,
Ex-CI-CI

METALLIC BOND —Exchangeable of electrons



* Crystalline solids

* High melting and boiling points
* Conduct electricity when melted

* Many soluble in water but not in-nonpolar
liquid




Properties of Covalent
Compounds

Gases, liquids, or solids
Low melting and boiling points
Poor electrical conductors in all phases

Many soluble in non polar liquids but not in
water

Are brittle

- When 2 atoms bond covalently the
resulting particle is a molecule




at Have You Learned?

What are the two extreme cases
of bonds?

® Do covalent bonds lose or gain
electrons? (Yes or No).

¥ Why do atoms bond?



€ " Wsee e

Double bond




Recall : methane, CH, - tetrahedral ol

shape (4 equal covalent bonds) h
N
_ Carbon
A 1 Carbon has an electron

= 25 2m 2py 2z arrangement 1s22s22p?

. 25 (GO There is a contradiction
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Recall: the s orbital shape

ONE s orbital in each energy level



Recall: the p orbital shape

2p orbital 2py orbital 2p, orbital

THREE p orbitals in each energy level (beginning n = 2)
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Sigma bond

In chemistry, sigma bonds (o bonds) are the strongest type of covalent chemical bond.
They are formed by head-on overlapping between atomic orbitals. Sigma bonding is

most clearly defined for diatomic molecules.

1 'm : c>f6~ 69}@-

o bond s

Formation of a sigma bond due to (a) The s - s overlap
(b) The s - p overiap (c) The p; - p; overiap



nt bond

Pi bonds (rt bonds) are covalent chemical bonds where two lobes of one involved atomic
orbital overlap two lobes of the other involved atomic orbital. Each of these atomic

orbitals is zero at a shared nodal plane, passing through the two bonded nuclei.
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Methane (CH,)

Four sp’ hybrid
orbitals of a
carbon atom

Four 1s orbitals
of four hydrogen
atoms

Overlapping of
orbitals in a
methane molecule



New Shape for New Orbitals

©C

sp® hydrid orbital

<@ 1) — -

Head-on overlapping
of orbitals



Alkenes Contain Carbon-Carbon
Double bonds

1 1t bond

/H
AT RN

1 o bond



Ethane (C,H,)

o bond H
H H
. 4
H H —_—
i i o bond
H H
= 4 H H
sp’-hybridized  sp’-hybridized  Six 1s orbitals Formation of C—C and C—H
carbon atom carbon atom of six hydrogen

o bonds
atoms




sp? Hybridization I Unhybridized p I
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2p 2p
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Side view Top view
2p,orbital

sp? hybrid orbital

90°
sp’ hybrid orbital

120°

sp? hybrid orbital sp? hybrid orbital

sp? hybrid orbital

2p, orbital
sp? hybrid orbital



Formation of x bond by the side-way
overiap of 2p, orbitals

or

™
C

120°

/
C }120°
N



(a) Differences between the o bond and the 7 bond in the
carbon-carbon double bond:

o bond 7 bond

Head-on overlap of the sp?> | Side-way overlap of the
hydridized orbitals of two | vacant p orbitals of two
carbon atoms carbon atoms

The bonding electrons in The electrons in the 7 bond
are localized symmetrically | appear as two lobes, one
along the internuclear axis agove and one below the
internuclear axis

Stronger Weaker

Free to rotate Restricted to rotation




Alkynes Contain Carbon-Carbon

Triple Bonds
H C C H
1 bond
H——C - C —H
Hhyne 1 © bond

1 o bond



‘ sp Hybridization I ‘ 2 Unhybridized p for pi bonds I

Ground state configuration Excited state configuration
A of carbon atom of carbon atom

(] |

2p

ENERGY
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sp’-sp’

il
H—C—C—H
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H H

A

promotion l T . T T , ili‘

of one 2p i 2p
2s electron hybrldlzatlon; TT
i S
Two sp
2s hybrid orbitals
sp*-sp’




PRINCIPLES OF MOT

o In molecules, atomic orbitals combine to form
molecular orbitals which surround the
molecule.

Molecular Orbitals

Bonding Antibonding




o Molecular bonds have lower potential energy
than in separate atomic orbitals.

o Thus, electrons prefer to stay in a molecular
bond.

7
\ i
5 '

e



Antibonding
Molecular
Orbital

Bonding
_ Molecular
" Orbital



o¥

Antibonding

o]

Bonding



SIGMA BONDS (o)

o They are symmetrical about the axis

Antibonding (| B
Sigma Orbital Bonding Sigma |
A (abbreviated o*) Orbital

(abbreviated o) i




Molecular
Orbital

Atomic '." ® Atomic

Orbital Orbital
‘ ."' " ‘
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ABiou3



P| BONDS ()

o The pi bonding bonds as a side to side
overlap, which then causes there to be no
electron density along the axis, but there is
density above and belon% the aéis.

A . -
2pix Iy

Zpixi Zpixi



DETERMINING BOND ORDER

o Bond Order indicates the strength of the bond.
The higher the Bond Order, the stronger the
bond.

l

Bond Order= 1/2(a-b)

where, a = number of e in bonding Molecular Orbitals

b = number of e in antibondng Molecular Orbitals.



STABILITY OF THE MOLECULE

o If the Bond Order is Zero, then no bonds are
produced and the molecule is not stable (for
example He,).

o If the Bond Order is 1, then it is a single
covalent bond.

o The higher the Bond Order, the more stable
the molecule is.




Molecular Orbital Theory

Molecular orbitals result from the combination of atomic orbitals. Since orbitals are

wave functions, they can combine either constructively (forming a bonding

molecular orbital), or destructively (forming an antibonding molecular orbital).

Consider the H, molecule, for example. One of the molecular orbitals in this
molecule is constructed by adding the mathematical functions for the two 1s
atomic orbitals that come together to form this molecule. Another orbital is formed

by subtracting one of these functions from the other
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Electronic configuration, 2, for H, molecules

o
> =
S| [ i
- - P
Tis
AO MO AO
of H of H» of H

Hzbond order =1 (2~ 0) = 1

Generalize the technique of LCAO

Theories of chemical bonding 23



Bonding Molecular Orbital Theory

Enhanced
density

The bonding orbital
results in increased electron
density between the two
nuclei, and is of lower energy
than the two separate atomic
orbitals.



Antibonding Molecular Orbital Theory

Node

The antibonding
orbital results in a
node between the
two nuclei, and is of
greater energy than
the two separate
atomic orbitals.



Overlap of s & p Orbitals
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Sigma bonding orbitals

* From s orbitals on separate atoms

”

s orbital s orbital Sigma bonding
molecular orbital



Molecular Orbitals of the Second Energy Level

If we arbitrarily define the Z axis of the coordinate system for the O, molecule
as the axis along which the bond forms, the 2p, orbitals on the adjacent atoms
will meet head-on to forma , bonding and a , * antibonding molecular orbital

-9

2p ~2 "
-SAFP-{

o)’ bonding



Sigma bonding orbitals

* From p orbitals on separate atoms

 VDOO

p orbital p orbital

Sigma bonding
molecular orbital
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n, bonding

The 2p_orbitals on one atom interact with the 2p_orbitals
on the other to form molecular orbitals that have a
different shape. These molecular orbitals are called pi (1t )
orbitals because they look like p orbitals when viewed
along the bond.



Pi bonding orbitals

* P orbitals on separate atoms

Pi bonding
molecular orbital
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MOLECULAR ORBITAL OF H2 MOLECULE
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number of electrons
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Energy

F, molecule, bond order = 1

F, has no unpaired
electrons, and so
Is diamagnetic

e
2p

BO = (6-4)/2 = 1

¢*(2p)
H

2p
¢(2p)
c*(2s)

25 +¢<::>FF 2s
c(2s)

K | 3 F

MO diagram for difluorine (F2) molecule.
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PARTIAL IONIC CHARACTER



Dipoles and Dipole
Moments

@ Electrostatic potential
diagram shows
variation in charge.
Red is the most

electron rich region
and blue is the most
electron poor region.




Dipoles and Dipole
Vioments

@ Dipole moments are when opposing
bond polarities don’t cancel out.




Bond Character
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Bond Energy

TABLE 8.5 Bond Lengths for Selected Bonds

Bond

Bond Type

Bond Length (pm)

Bond Energy (kJ/mol)

C—C
C=C
C=C
C—-0

=0
C—N
C=N
C=N

Single
Double
Triple
Single
Double
Single
Double
Triple

154
134
120
143
123
143

138
116

347
614
839
358
745
305
615
891




Nonpolar covalent bond

Bonding electrons shared

equally between two atoms.

No charges on atoms.

Polar covalent bond

Bonding electrons shared
unequally between two atoms.
Partial charges on atoms.

lonic bond

Complete transfer of one or more
valence electrons.
Full charges on resulting ions.



»Why do some solids dissolve in water
but others do not?

»What happens when noble gases
liquefy?

»Why are some substances gases at
room temperature, but others are
liquid or solid?

The answers lie in.........

Intermolecular Forces



* Intermolecular

forces may be
attractive or repulsive.

 Johannes D van der
Waals, Dutch, was
the first to postulate
intermolecular forces
in developing a theory
to account for
properties of real
gases.




- van der Waals forces in

» London forces
» Dipole - dipole forces
» Dipole - induced dipole forces
» Other intermolecular forces are
> lon - dipole interactions
> lon - induced dipole interactions
'ogen Bondmg



LUNDUN FrUORUVUES 3
(DISPERSION FORCES)

These arise from temporary variations
in electron density in atoms and
molecules. At any instant , the electron
distribution may be unsymmetrical and
hence produce an instantaneous

dipole. This can cause an induced
transient dinole in the neiahbourina

Electrosiatic
attraction

Tt e

Helium atom 1 Helium atom 2






- Dispersion forces are present betw

molecules , whether polar or non-polar

- Dispersion forces are stronger in molecules
that are easily polarizable.

- Larger and heavier molecules exhibit
stronger dispersion forces than smaller and
lighter ones.

MNeon

no permanent dipole

1



MAGNITUDE OF DISPERSION"

FORCES
* The cylindrical » The spherical
shape of n- shape of neo-
pentane has pentane has
greater surface lesser surface
area .Hence, n- area. So, it has

les L)~
! ! , on att L -
n-Pentane Neopentane
(bp = 309.4 K) (bp =282.7 K)

L



DIPOLE-DIPOLE .
FORCES(KEESOM FORCE:

These forces

arise due to . o\(
: : /
Interaction | P
between 2

oppositely N
charged ends of i
polar molecules. -

Rrvaontar - - s attraction
:5>~a~ter the e rEpUISION
dipole moment

of molecules

, greater are the






DIPULE-INDUCED UIPULE
FORCES

These operate between
polar molecules having
permanent dipole and the
molecules having no

— —t permanent dipole.The
polar molecule induces a
6 © o o dipole in the neighbouring

non-polar molecule.The
interaction energy depends
on

» Dipole moment of polar
mnleciila



N
»Oxygen gas can dissolve in water

Decause ine permanent dipoie in

can induce a dipole in oxygen

>»Non-polar iodine dissolves in
polar ethanol due to dipole-

indiirad dinnla fAarrae



INTERAC

These interactions
depend on

» Charge and size
of ion

> Magmtude of







Hydration



HYDROGEN BONDING



Hydrogen bonding

When hydrogen is bonded to a highly
electronegative atom (such as nitrogen,
oxygen, fluorine), the bonding electron pair
is drawn towards the electronegative atom

Bonding electron
cloud



Hydrogen bonding

Hydrogen has no inner shell electron and is
very small in size, the positive charge density
developed is high

The nucleus of hydrogen atom is exposed to
attraction by nearby electron cloud, a lone
pair electrons on the electronegative atom

% By o O+
M Y,

O 0



Hydrogen bonding

Definition:

Electrostatic attraction between hydrogen atoms
bonded to small, strongly electronegative atoms
(N, O and F) and the lone pair electrons on these
electronegative atoms

o O+

Y,

Hydrogen bonding



Hydrogen Bonding

Essential requirements for formation of
hydrogen bond:

A hydrogen atom must be directly bonded to a
highly electronegative atom (e.g. F, O and N)

An unbonded pair of electrons (lone pair
electrons) is presented on the electronegative
atom



Hydrogen bonding

Examples

B+ r:\ &+ ¢
H ), H ()
- . o) ¢
o= 5- 6—/0:\ 4 B+, ‘.;:’—
F\ _ sy H <)
... H-ﬂ.‘ H.DI 3 ; 3 B3
. " . o O H K
M o M P H.s- H &+ )
F F F g OE Passess H-0 5
8 & 5~ L&, ¢9
Hydrogen flucride (HF)
Water (H,0)
> Pl
. N: c If:l
R (G0-CH,
: ; Hs+ &
(@) & '.'
. - .
s N-N -
\[-:: /N H‘c\ \C.
c N - 2 VA
h/N\ 5+ «\/q.._\

Methanaol (CH,OH)
Ammonia (NH,)



Special Notes

Intermolecular hydrogen bond:
Hydrogen bond formed between two molecules

Intramolecular hydrogen bond: C|)

Hydrogen bond formed between OéN
two different atoms in the H

same molecule O

Intermolecular hydrogen bond is stronger
than van der Waals’ forces




Importance of Hydrogen Bonding in

Physical Phenomena

Anomalous Properties of the second period

hydrides -
100 4 -H:O::

Questions:
1.Why do H,0, NH, 5, | e
and HF have g ' L hse ot
abnormally high E i Sl lois —amt
boiling point? 1001 PG

“SiH
2. Explain why the P -

order of boiling point ' .
iS Hzo > HF > NH3. Period



Q1: Why do NH_, H,0 and HF have

abnormally high boiling point?

Explanation:

N, O and F are highly electronegative atoms

Formation of intermolecular hydrogen bonds in their
hydrides.

Intermolecular hydrogen bonds are much
stronger than van der Waals’ forces

More energy is needed to break the hydrogen
bonds in NH,, H,0 and HF



Q2: Explain why the order of boiling

pointis H,O > HF > NH.

Explanation

No. of Hatoms No. of lone pair No. of
available for electrons hydrogen

hydrogen bond available bonds can form
formation per molecule

H,O can form 2 hydrogen bond per molecule

NH, and HF can form only 1 hydrogen bond per
molecule

The boiling point of H,O is higher than NH, and HF



Q2: Explain why the order of boiling

pointis H,O > HF > NH

Comparing N and F, F is more electronegative

The intermolecular hydrogen bond formed
between HF molecules is stronger than NH3

HF has a higher boiling point than NH3



Importance of Hydrogen Bonding in

Physical Phenomena

Enthalpy of vaporization

Energy required to vaporized one mole of liquid

Question:

Explain why H,O has the
largest enthalpy of
vaporization than H,S, H_ Se

and H,Te.



Explanation:

In H,O, there are intermolecular hydrogen bonds
between molecules

However, in H,S, H,Se and H,Te, the interaction
between molecules is dipole-dipole interactions

The strength of hydrogen bond is stronger than
dipole-dipole interactions

To break the hydrogen bonds, more energy is
required

H,O has the largest enthalpy change of vaporization



Importance of Hydrogen Bonding in

Physical Phenomena

Boiling Point and Solubility of Alcohols

The boiling points of alcohols
are higher than the thiols
because there are e
intermolecular hydrogen bonds ¢ ..

between alcohol molecules, ]

but only dipole-dipole _
interactions between Alcohols: — oon cron crion calos
molecules of thiols




Alcohols of low molecular masses are soluble
in water because they can form

intermolecular hydrogen bonds with water
molecules



Importance of Hydrogen Bonding in

Physical Phenomena

Dimerization of Carboxylic Acid

It happens when carboxylic acids are dissolved in
non-polar solvents or in vapour state

E.g. Ethanoic acid (CH,COCH)

Ethanoic acid molecules form 5— 54
dimers through the formation - C//O essqees H=O .
of intermolecular hydrogen it '\'\' 0%

bonds 5+ \\ oO-

Intermolecular
hydrogen bonds



Importance of Hydrogen Bonding in

Biochemistry

Hydrogen bonding in ice and water

Intermolecular hydrogen bonds exist in both
water and ice

In water, molecules are in constant motion.
Intermolecular hydrogen bonds are formed and
broken continuously.

L ) % < ,'_} 4
The arrangement of L e %
. Q@ .. & ! e
molecules is random 9 e
‘) vaqe"‘alu'n > ”) g ,)

«+ |Intermolecular hydrogen bond



In ice, the molecular motion is restricted. The

molecules are arranged in a way to form the
maximum number of hydrogen bonds



Each H,O molecule is tetrahedrally
bonded to 4 other H,O molecules by

hydrogen bonds SR ' S
Creates an open structure and gives rise 7 oYy
to a lower density of ice than water =N ,,f L j*’
Insulates the water below and prevents . ot “w.

complet solidification =» keep fish
survive in polar regions



» It is an electrostatic force of attraction that
exists between covalently bonded
hydrogen atom of one molecule and the
electronegative atom of another molecule.




CONDITIONS FOR HYDROGEN "
BOND FORMATION '

* A hydrogen atom =
attached to a
relatively j
electronegative atom
is a hydrogen bond
donor. This
electronegative atom
IS usually

n electronegative
m such as

f,.. , OXygen, or
)gen is a



INTERMOLECULAR _INTRAMOLECULA
HYDROGEN BOND HYDROGEN BOND

» |t is formed between
two different
molecules of the
same or different
substances, eg.

» Hydrogen bond
between molecules of

drogen bond

sr and alcohol

ween molecules of

> |t is formed between
the hydrogen atom
and a highly
electronegative atom
present in different
bonds within the
same molecule, eg.

» o-salicylaldehyde

»  0- nitrobenzoic
acid
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HIGHER MELTIN@ AND\\

- Dramatically higher bomng points of
NH,, H,0, and HF compared to the heavier

Aanalarmiacae DI H QC and HMI

100

Temperature (°C)

=100




HYDROGEN BONDING CAUSES

» Higher boiling point in ethanol as compared
to diethyl ether

» Higher viscosity of sulphuric acid and
glycerol

» Water is a liquid, whereas H,S is a gas

» Dimeris olecules




INTRAMOLECULAR N
HYDROGEN BONDING

When hydrogen bonding exists within the molecule
it is called intramolecular hydrogen bonding. In such
type of hydrogen bonding two groups of the same
molecule link through hydrogen bond, forming a
stable five or six membered ring_ structure

e.g., salicvlaldehvde. o-
chloropht N P )acetate etc.
@(m/ L:‘?ED'J”C'
.
O -Chlorophenol Salicvlaldehyde
H.
o s ¢ o
N bt
cH, \j’ﬁ \CH3 off. \PT/ \ocsz
H

Acetylacetone Ethyl acetoacetate




molecule the formatlon of a rmg hydrogen
bonding is a pincer like action resembling
the closing of a Crab's claw. Some more
examples of intramolecular hydrogen

I.-...l - ms em e =

C.H;

\\N——H 0

Ca.H él”‘@
Fon Qi N

H—CH I

Armino alcohol 0- Nltruhenzaldehyde 0- Nnmhenzmcamd
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CAGE
LIKE
STRUCT
URE
OF

WATER
MOLECU




» When ice melts, \
this cage like %a &, ? b 4
structure collapses Qe ¥
and the molecules a Qq 94

move closer. 9“@ Y 9o
» Hence, for the Q (ye é

same mass of

M- ae 29

g\[;Water molecules Stable hydiogen bonds

f “ 'ncfeases Unstable hydrogen bonds Water molecules
ance ice has (a) Liquid water (b) lce
A;-densNythan



COMPARISO!

Basis of ne

Force Model Attraction (kj/mol)  Example .
lon-dipole o lon charge- 40600 Na'++-07
& a e dipo!::L charge \H ’
H bond §- b o-  Polar bond to H- 10-40 :E|jn~ Hm:élj— H
—A—Heeurene IB— s wharon
dlputt charge i H
(high EN of N, O, F)
Dipole-dipole e """" e Dipole charges 5-25 I—Cl:+1—Ci
lon-induced “ ______ p e lon charge- 3-15 Fe?'«:«0,
dipole 5 polarizable ¢
. =R cloud
Dip_olc—induced QQ Dipole gharge-” 310 H—Cl-+-Cl1—Cl
dipole p:)la:'nzublc e
cloy
Dispersion "B ..{B Polarizable ¢ 0.05-40 F—F-F—F
(London) @ @ clouds




INTER HALOGEN COMPOUNDS



The elements in group 17 of the periodic

table, on the right, are called the
HALOGENS.

/l F 4—e fluorine

<4—o chlorine

<4— bromine

<4—e iodine

SHeE



Why the name ..... HALOGEN??

* Halogen-metal compounds are salts
occurring in sea water

(e.g. NaCl; sodium chloride),

* halos = sea salts; genes=born.




Electron configuration of halogens

Fluorine 1s? 2s% 2p°

Chlorine [Ne]3s? 3p°
Bromine [Ar]3d° 4s? 4p>
lodine [Kr]4d*9 5s? 5p°
Astatine [Xe]4f4 5d10 6s? 6p°




Interhalogen Compounds

These covalent compounds are formed when two
different halogens react .

These are formed due to the electronegativity difference
among the halogens.

Interhalogens have the general formula Ax, where n=1, 3,

5 &7.
Type AX eg: CIF, BrF, BrCl, ICl, Ibr
Type AX;. eg : CIF; BrF; ICl,
Type AX. eg: BrF; CIF, Type AX, eg: IF,




lodine mono chloride ..... ICl

is formed by passing chlorine over
solid iodine at temperature below 0 °C.

I, +Cl, » 21Cl “

* It is a red-brown chemical compound

* melts near room temperature.

* Because of the difference in the electronegativity
of iodine and chlorine, ICl is highly polar ; I*CI-

* In organic synthesis, estimation of iodine No. of

oils and as a source of I*.




1. lodine monochloride, I1CI:
Pretaration:
» It is formed by mixing I, and Cl, in equal amounts.
I, + Cl; (equal amounts) — 2 ICI
» By heating I, with KClO;
KCIO; + I, — KIO; + ICI
» By heating ICl; at 68" C

Properties:
i. It is dark liquid with b. p. 97.4" C.



1. ICl exists in two solid form as given below:
» Solid form: This form melts at 27.2" C and is obtained as needle like crystals on
cooling the liquid rapidly.
» Metastable form: This form melts at 14" C and is obtained as a black solid on
cooling the liquid slowly at 100" C.
1.  Hydrolysis: IC] dissolve in water and gets hydrolyzed as:
ICl + H;O =— I0OH + HCI
31CI + 3 H,O =— HIO; + 3 HCI + 3 HI
5I1C1 + 3 H,O HIO; + 5HCI + 21,
The hydrolysis can be prevented adding HCl




V.

V1.

VL.

V1L

L S

IC1 decomposed by excess of KOH as:
3ICI + 6 KOH — 3KCl + 2KI + KIO; + 3 H,0
In liquid state IC1l undergoes auto-ionization as:
2 1CI I' (Solvent cation) + ICly (Solvent anion)
Metal halide give I" ions in liquid ICI hence it behaves as Lewis acid.
AlICl; + IC] I" + AICL: TiCly + ICl1 =— 1" + TiCls
MCls + ICI [" + MCl; (M=Sb, Rb)
Alkali metal chloride gives ICl;™ 10on in liquid ICl and therefore acts as bases.
MCI + ICI M" + ICLy, (M=K, Rb)
Bromide like KBr, [(CH;)4N]|Br etc. , reacts with ICl, polyhalide ion is
produced.
IC1 + KBr =— K'[CIBrI]
IC1 + [(CH;3)sN]Br [(CH:)sN] [CIBrl]
Excess of Cl; convert IC] into ICl;
Cl; (excess) + ICl1 — ICl;
When molten ICI 1s electrolyzed, a mixture of I, and Cl, 1s liberated at anode
and I 1s liberated at cathode. This suggests that ICI 1onizes as:
2 1C1 I' (Solvent cation) + ICl;" (Solvent anion)
Reaction at cathode: 2I" + 2¢e¢ — 1, (reduction)
Reaction at anode : 2 ICly — I, +2Cl, + 2 e (oxidation)




Uses:

» A solution of ICI is used as catalyst in the oxidation of As(II) oxide by ceric
sulphate and for preparation of polyhalides.

» The solution of ICI in glacial acetic acid is used for determining the iodine value
of o1l by Wiz’s method.

Structure of ICI- Its linear in shape

I
IC I lodine Chloride

| + 1

SO




Bromine trifluoride... BrF,

* |t is obtained by mixing bromine vapor and
fluorine in a stream of nitrogen at 20°C.

Br, +3F, > 2B1‘F3

It is a straw-colored liquid with a pungent odor.

It is a powerful fluorinating agent

It is used to produce uranium hexafluoride (UF;) in the
processing and reprocessing of nuclear fuel.




Preparation:
» It is obtained by mixing Br, vapour with F, in presence of N

Br(g) + 3F, N, _2BrF,

» By action of CIF; on Br, at 10° C.

CIF, + Br, 10°C_ BrF, + BrCl

Properties:

1.
I1.
1.

V.

It is fuming liquid with b. p.125.8" C, is very reactive and non corrosive liquid.
It reacts with Br, to form BrF : BrF; + Br, — 3 BrF

Auto-ionisation: 2 BrF; =— BrF," + BrFy

The substance making available BrF,", due to above mode of auto-ionisation;
acts as acids.

Examples: AuF; + BrF; =— BrF, + AuFj

MF; (M=Ge, Sn, Ti) + 2 BrF," =—= 2 BrF,' + MF¢"

The substance making available BrF, acts as bases.

Examples: MF (M=L1, K, Ag) + BrF; M" + BrFy

Neutralisation reactions: These reactions are those in which a compound
containing BrF," ion reacts with that having BrF, ion and salt and solvent are
formed.

Acid Base Salt Solvent



v.  BrF; s useful fluorination agent as follow.
6M+2BrF;— 6 MF +Br;; 3 MCl+ BrF; — 3 MF + Br(Cl;
WO; + 4BrF;, — 2WF; + 2B, + 30,
6 CuO + 4BrF; — 6 CuF; + 3Br, + 30,
vi.  Redox reactions and complex formation:
3K + 4BrF; — 3K'[BrFs] + % Br,
ZXC
vii.  Solvolysis reaction: In these reaction the concentration of [BrF,]" and [BrF,] is
increased.
4 BrF4(l) + K,[TiF;] =—— [BrF;]s[TiFs] + 2 K[BrF,]
2 BrFy(1) + K[PFs] =— |[BrF;:][PFs] + K [BrF4]
viii.  Formation of adducts:
XeF, + MF; —XeF,.MF; (In BrF; solution)
BrF; hydrolysed by water with formation of bromine oxy-fluoride.
B['FE, + H:G — B]_'DF]_ + H;
Uses:
» For preparation of polyhalides.
» For preparation of complex compounds by acid-base reaction, are difficult to
prepare by other methods.

» As fluorinating agent.
» For preparation of fluorocomplexes of many metals like Au, Ge, As etc.






2. lodine pentafluoride, I1Fs:
Preparation:
» It is formed by direct combination of I, and F, (excess):
I +5F;(excess) — 2 IFs
» By the action of F; on ,Os: 10 F, + 21,05 — 41Fs + 50,
» By heating I, with AgF: I, + 10 AgF — 21F; + 10 Ag

Properties:
i. It is courless liquid with m. p. =9.6" C.
1. It 1s good conductor of electricity as it 1onizes as:

2 IFj - IF41 + IFE,_

Thus, the substances that give IF," ions in liquid IFs, acts as acid and those
which produce IFs 10ns behave as bases in this solvent. The following acid-base
reaction takes place in hquid IFs.

[IF4] [SbF¢] (Acid)+K[IF¢] (Base) =——

K'[SbF,] (Salt) + 2 IF; (Solvent)
. IFs reacts with [,Os to form 1odine oxy-fluoride, 10Fs; which 1s solid and
decomposes on heating at 110" C.

3IF, + 1,O,—=5I0F,; 2I0F, A _IF, + IOF




1. Hydrolysis of IF; gives halogen acid and oxy-halic acid.
[Fs + 3 H,O — 5 HF + HIO;
v.  With F; at 250"-300" C temperature gives IF-.

0 0
IF, + F, 2s50"300°c _ IF,

USES

It is used as an ionising solvent.






STRUCTURE OF IF5
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Interhalaogen compounds
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rhalogens of AX type
jodine monochloride

Preparation. (/) It can be

Prepared by the
e under controlled conditio

direct combination
ns of temperatyr

€ and pressure.

b + s 210
Solid Liquid

of liquid chlorine with solid

(i7) It may also be obtained by heating iodine with potassium chlorate.

KCIO, & 1, R a1

Properties. (/) It is a reddish oil and is readily hydrolyzed by water.

ICI + H,O &= HCI + HOI
(#) Itis also decomposed by sodium hydroxide.

ICl + NaOH ——> NaCl + HOI

(iif) When electricity is passed through iodine monochloride, iod.iljc isflibeta@i ‘:;he “‘:\:;‘; '
chlorine at the anode, indicating that the compound is a chloride of monovalent pos .
ged iodine.

2ICI —> I +[IC1,)
(/v) With alkali metal halides it gives polyhalides.

S ]
KCl + ICI chj? PRI oo e
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RO+ 1 s KIO, + 13

Propertics

[t 1s a dark red liquid bug solidifics

. B , on standing at 29 . 3
[t cxists i two forms - stable and g al 290 - 300 K.

mclastable [orm,

sed forming hypoiodite and jodate l0ons.
- - H,0 H,0

ClT 4+ 017 <2 0y S O+ 10

When current as passed through 1Cl, iodine is liberated at the
cathode and chlorine at the anode.

[t 15 readily hydroly

Alkalt metal chlorides like l{(_j dissolve 1 L.

KCI + IC] - K" [ICl,]~

Ttas used toodinate organic compounds. Chlorination mav also
oecur depending on the condition.

2 [C o ICI in
Chlorination «<-—--—-- Salicylic acid > [odination

vapour nitrobenzenc

e o

Uses
(]) Liquid I CI is used as an ionising solvent.
(2) It finds use as Wij’s reagent in the estimation of 10dine value
of fats and oils.
,

o =LH-=CH#=

| |
[ Cl

(3) It'is used to lodmate organic compounds.

—HC = CH- + ICI

\

Structure
It has the following lincar structurc

X X _—
x

I x .CI:
X

xx L N
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AROMINI mu'l_U(_)HIDE. Brf,

il i ; I}'l " . E .. # .
Preparali y mixing brominc vapour and fluoring §,
: ' ' d

(a) fU 1S |1n‘|mu.‘u| |

Jream ol nitrogen .

. —— I F
HI:,. - 3 l'z 2B 3

h) It 1s also formed by the action of CIF3 on brominc at 283 K -
t 1 & it

.;f.klm;h.; X
Properties  {{ e
It is a colourless hiquid (b.p. 400 K). It has got high clectrical
conductivity.
I{ undergoes auto-ionisation as —
BrF, + BrF,

It reacts with metals and metallic oxides forming salts containing
BrF, and BrF, groups. For cxample,

[BrF,]* [ShFg]™; [BrF,]" [AuF,|”
[przl:;z (SnF, )"~ and K [BrF,]”

It converts many metal oxides and chlorides into fluoridcs as
is a good fluorinating agent :

6M + 2BrF; ——— 6MF + Br,

3 MC + Br F3 ——— 3IMF + BrCI3

It is dccomposed violently by water giving brominc, OXygeh
bromic acid (HBrQ);) and hydrofluoric acid :

3BrFy + SH,0 —— 0, + Br, + HBrO), + 9 HF

It displaces oxygen from oxides like Si10, , Cu0 cte.
3510y + 4BrF; —— 3 SiF, + 2 Br, + 30,

Uses
(1) BrF3is used as a solvent.
(2) Itis a good Muorinating agent.
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gtructure

[n brominge trifluoride
qolecule, ten clectrons  arce
resent in the valeney shell ol the
wromine atom.  Qut of these, two
pairs  arc lonc pai.rs. The
 expected  geomcelry 1S trigonal
| ],ipyrmnidal. But due 1o the
presence ol the two lonc pairs, the
shapc 15 distorted.  To avoud
rcpulsion, the  bonding  pairs
contract and 1t has a bent T shape.
[1 makcs use of sp3d - hybridisation.

IODINE PENTAFLUORIDE, IF;

Preparation
(a) It is prepared by passing fluorine (diluted with nitrogen) over
iodine in a heated quartz tubc :

I, + SF, > 2IF,

(b) It is formed by the action of fluorine on 120s :

21,Q5 + 10F, > 41Fs+ 50,

(c) It can also be obtain¢d by heating I2 with silver fluonide :

l, + 10AgF —> 2IF5+10Ag

Properties

It is a colourless liquid (b.
electricity as it undergoces sclf ionisation as

p. 330 K). It IS a gdo_d' conductor of

+ —

It reacts with water to form iodic and hydrofluoric acids :

.%  21F + SH,0 10 HF + 1,05 f_,_;,w)“
% . W‘Hﬁ@ e G_L).p-"
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heptall noride.

> S5IF;+ L,

71F,

Boiling iodinc pcntaﬂuoridc' dissolves potassium fluoride ¢, Zive
ouing )
Y IR lowl

Mectals like <ilver, mercury, iron, copper are slowly attackeq b‘ilF

with chlorinc it gIves chlorine trifluoride.

The alkali metals, sulphur, bromine rcact when heated.

Uses
IF, is used as an ionising solvent.

Structure

There are six pairs of electrons around the central atom, iodine.
Of these one i1s a lonc pair. Therefore, the expected geometry of

octahedron 1s shghtly distorted and the molecule has a square
pyramidal structure.

Chemistry of iodine heptafluoride IF,
Preparation

(1) It can be |
r Prcp; .
300°C. s Iy Passing flourine over IF3 or IF5 .
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paper ” I K

— 28
— 1 ) 1{](}&(‘ _-...._,_______-‘_—'__——
11 3 4 :'l':. : | 11°.

IF; + F, 300°C IF,

(i) It can be prepared from the t'nllmving reaction
Pbl, + 8F, — ~ PbF, + 21|F,
(i) It can also be prepared by passing excess

luorine over gascous
4 . 3 \ W ASCOUS
iodine at 300° B \

l_-,._ + ] F.’_ PO EIF_I

properties

It is a colourless gas with m.p.6.5°C. It is diamagnctic in nature.

[F, 1s a stronger fluorinating agent than IFo. It reacts with most
slements in cold or on warming including glass or silica at 100° C
S10,5 + 21F; = Si1 F4 + 210F,

Vapours of IF; undergo smooth hydrolysis to HIO, and HF,
[F, + 4H, O > HI Oy + THF
An oxofluoride (IOF) is formed with less amount ol water at

room tempcraturc.
IF, + H, O = 2 HF + 10F;

It reacts with most mctals (except the
platinum group), non metals including
Cl,and I,, water (to giwe periodate and "

4

Tuoride ions), many inorganic compounds
and a variety of organic materials.

It cexplodes when hecated with F
hydrogen.

~ Two of seven fluorine atoms present
in [F. . :
" IF; can casily be removed.

USQS

ILis used as a Muorinating agent.
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