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Construction of mole ratios as conversion factors in stoichiometry calculations.
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INTRODUCTION

Atom

The smallest particle of an element whic

an atom.

May exist independently

Monoatomic gases

Helium (He), Neon (Me) and Argon (Ar)

May not exist independently

Hydrogen (H}, Oxygen (O) and Nitrogen (N)

Atom is made up of more than 100 sub-atomic particles e.g.

Electron
Proton
Neutron
Hypron

MNeutrino

—» fundamental particles
»— sub-atomic particles

EETS - PREP BOOK

h can take part in the chemical reaction is called

Scanned with CamScann:



Fundamental Concepts of Chemistry

—
e

Introduction to

Topic-1

Mo Fized composilion

Mixlures
M 7 . |.‘|.ir. Milk, !'Fl._'lil:l

p——— Can be /l_iﬂiﬂmi'l_ _ \‘ Wen-Uniform

Ekeninis can't be \ hpaken dawn LConmposition Composition

bepkon Jomri . 7
Compounds i Homogenous Hetrogenous
Sulphiss, Powder m waler, Milk

[C, Fe. b A ! [i00150] [Air, Brine solutwon|
. : | - |y >
. Particle size 1
Metals

Metalloids <l nm Colloids Suspensions

Fivod coenpusitiog
Pure Subslances

o o] EEE  [isoion] M v
TP 0,
ION .
The charged species which are formed by the loss or gain of one or more electrons are called
1ons.
Types of ions

Anions

Cations

| Cation is formed by the loss of one or Anions is formed by the gain of c--: .-
| | more electrons as a result of oxidation. 1 electrons as a result of reduction,
A —ouidstion 3 A+ _ B + ¢~ —tduction »B-
Formation of cation is always an Formation of uni-negative ion is exothermic
7 | endothermic process. 2 | process but formation of all other negative
ions is endothermic process,
3 | Acationmay carry +1,+2,+3etc. | 5 | An anion may carry -1, -2, -3 etc.
4 | Size of cation is smaller than its parent atom, 4 | Size of anion is greater than its parent atom.

Molecular Ion '
The charged molecular species formed by the loss or gain of electron are called molecular
ions.

Types of molecular jon

(a)  Cationic molecular jon CH 2 CO", N3

(b)  Anionic molecular jon NZ-, 05, 0;

Number of cationi leculnr § : Bt
ISOTOPES cationic molecular ions are greater than the number of anionic molecular ions.

Atoms ¢ - .
stoms of the same element having different mass number are called isotopes. The

concept of isdto S P
Gl"ﬂut‘rﬁn{gu py was introduced h}’ Sﬂdﬂ}"

Elements occur i ‘ is0 )
iy ur in the nature in the form of isotopes. Occurrence of isotopes has been shown
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Topic-1 Introduction to Fundamental Concepts of Chemistry

300 radioaclive isotopes arc produced

by artificial radioactivity

1ISOTOPES-
_ ———40 radioaclive
Natural 126 isotopes with odd
280 ____atomic number and odd
' 240 stable mass number

154 isotopes with even
atomic number and
even mass number

s "0, iMg, iSi, 2Ca, ;;Fe form nearly 50% of the earth crust.

Simllaritles and dissimilarities in isotopes of elements

i ":.uuil.iHIiL‘- TS

. Atﬂmu: numhﬂ + Mass number

s Number of Protons + Number of Ncutrons
e Number of electrons s Physical properties
e Electronic configuration . Ha:irt‘lifc

« Position in periodic table e Rate of reaction

e Chemical propertics 7 B

~ Dissimilaritics .

Classification of ell:menls on the basis of |5n1npa::s

~Examples

. Hﬁnﬁ-lmlﬂplc ( 1] r:lcm::ma F [, As, Au, Na

+ Di-isotopic (2) elements Bi, CI, Br

¢ Tri-isotopic (3) elements Ne,C,H,O,N

¢ Tetra-isotopic (4) clement S

» Penta-isotopic (5) element Ni_

s Hexa-isotopic (6) elemenis Ca, Pd

» _Nano-isotopic (9) element Cd )
¢ Undeca-isotopic (11) element Sn

¢ Hexdeca-isotopic (16) element Ag

T "RELATIVE MASSES
e Relative mass is the mass of a given substance scaled mﬂn:m'bnﬂ 12
. E 12 is used as standard in this scale because

. Itis highly stable isotope. 1
.?. lis mass is exactly in whole numbers 1.c. 12.000

3. It can be handled casily.

RELATIVE ATOMIC MASS
The mass of an atom of an ¢lement as compa

Atomic mass unit ] ) : : . " : .
The unit used to express the relative atomic mass 15 called atomic mass unit (amu) and it

13 i of the mass of one alom of C-12

l amu = 1.661x10%" kg
= 1.661x10%g

KETS - PREP BOOK

red to the mass of an atom of carbon-12
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troduction to Fundamental CULCEPLS UL CUCLHISITY

M- — e

]]]l'.lfiﬂc 38 17 l:l !i!___. —
2 Enlupcs :TE}-}-’@ “15%
Iai \ 75
Relahive abund f:m:c  credfmp
Relative isolopic Mass,

RELATIVE ME'LECULAR MASS

neutrons ”
; 14 . . Ly
The mass of 8 moleculc as compared to e.g Cg'*, Og'° both have 8 neutrons.

the mass of an atom of carbon-12 s e -
Relative molecular mass of water 15

;Tl.;live molecular mass of carbon dioxide is 44 amu

) ; 1ASS | |
EELX%‘;iEgﬂfgntﬁn unit as compared to the mass of an atom of f:ax_imn- 12

i ' ' 5 amu ,
Jative formula mass of NaCl 1s .58 -
g.:::lzt:vg formula mass of Na2804 18 142 amu (Hﬂ - 33)

1 Iso clectronic species posscss m/
g A. Same number of proton . Same number of electron
C. Same number of neutron D.Bothaandc
Q.2  Which of the following is isotonic pair o
. 0g'%, Fg? B. 0s'¢, Fo

\ C.0g", Ns" D. Og'®, Cs"

. _MOLEANDAVOGADROS:NUMBER. . .. . ...

MOLE

Isobar: Two species having same atomic masg |
but different atomic number, e. g Cg'* N;™
Isotone: Two species having same number o

The relative atomic mass of an element, relative molecular mass of covalent compound or
relative formula mass of ionic compound or ionic specie expressed in grams is called mole.

It is detonated by *n* and abbreviated as *mol’,

Examples:

1 mole of Na = 23.0g of sodium (One-gram atom of Na)

| mole of H:0 = 18.0g of water (One-gram molecule of H20)

1 mole of NaCl = 58.5g of sodium chloride (One-gram formula of NaCl)
I mole of SO '

= 96g of sulphate ion (One-gram formula unit mass of SO7)
Determination of Mole

‘I_'herr.: are three main methods to determine number of moles of a substance.
(i} When mass of substance is given in grams,

Number of moles of substance=-125% In grams of given substance

Molar mass of given subtance
atoms, ions or molecules)

Number of moles of a substance = quher of particles of the given substance
6.022x10" ( Avogadro's number of particles)

(i} For a certain number of particles (

(iii) For volume of a given gas in dm? at. STP

Number of moles of gag = -*.0/ume of the gas in dm® at STP
22.414dm’

ol

KETS - PREP BOOK
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P I:trudﬂi_:ﬂun to Fundamental Concepts of Chemis

Particles ﬁﬂﬁ; 10 6.022 x 1o 6.022 x 102 | 6.022 x 10
ns Molecules Formula Units lons
One
mole Gram atomic | Gram molecylar Gram t_f“m",“la,_ Gram ionic
Mass mass of mass of the mass of the ionic | oce of the
element | molecular substance oD ionic specie
Volume | At STP (ideal gas) = 22.4 dm’ and at RTP = 24.0 dm?

AVOGADRO'S NUMBER or CONSTANT (Na)
It is the number of particles (a ' : :
sikiiinea. Tiits denmrv:i b H;f IﬁTiiuf?ﬁﬁ'fﬂﬂiﬁﬂlﬁ} present in one mole of given
Examples .
23g Na
18.0g H20
58.5g NaCl
96g SO;°

1 mole
1 mole
1 mole
Imole

6.022x10* atoms
6.022x10* molecules
6.022%10% formula units
6.022x10* ions

i mn
0 n

i
I

V =nxV,

m=nxM

N=nxN X

EMPIRICALZAND ?'r]ﬂl.l-'.'flle.-"nlt FORMULAE

Empirical Formula: _
A formula which represents the simplest whole number ratio of atoms of elements in a compound is
called empirical formula. '
Examples: NaCl, CH20, CH are empirical formula of sodium chloride, glucose and
benzene, respectively.

Steps to determine empirical formula:

Empirical formula of a compound can be calculated by the following the steps:

(i) Determination of the percentage composition of each element.

(i) Finding the number of gram atoms (mole) of each element. For this purpose, divide
the %age of an element by its relative atomic mass.

(iii) Determination of the atomic ratio of each element by dividing gram atoms or mole
by the smallest number of moles.

(iv) If the atomic ratio is in simplé whole number, it gives the empirical formula,
otherwise multiply with a suitable digit to get the whole number atomic ratio.

KETS - PREP BOOK | ‘ B okl
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Topic-1

' YSIS . . )

OMBUSTION ANAL ) shown in the followi T

C : 'scqut‘ﬂfﬂfﬂ““mhuﬁ?n analysis 1s show ¢ tollowing diagram.
i, 1 e Wiy ([ 2 OO, sbusrbar Exeran of guygen

<

MgiCn), % KOl
By combustion analysis only those organic compounds can be analyzed which
Wai _hydrogen and oxygen. o )
;ul;:l;] :anr:]ﬂsl;ﬁ.}’pﬂinmgﬂ are calculated by using the t‘ullm_.-.rmg formulae
Massof CO, obtained inc:ptrimcn@ = E < 100

B Keagnal CabOn = ol organiccompound 44

_ Massof H,O obtainedinexperiment  2.016 100
Ry Naphofyrepea= Massof organic compound 18.0
(i) %sage of oxygen = 100 = (% of carbon + % of hydrogen)

Example :
A sample of liquid consisting of carbon, hydrogen and oxygen was subjected ty

combustion analysis. 0.5439 g of the compound gave 1.039 g of COz, 0.6369 g of
H:0. Determine the empirical formula of the compound. _
No. of gram Atomic " Empirical

Element - /e atoms ratio formulza
c 1039 , 12.00,09-52.108 32108 434 22,
0.5439g 44.00 12 2.17
0.6369 _2.016 13.115 13.01
=x———x100=13.115 ———==13.01 —=
H | 5559 18 1,008 217 5 I
: 34.77 2.17
100-(52.108+13.115) =34.77 2217 =1
ﬂ_ '[ ) 1600 207
DIFFERENCE BETWEEN EMPIRICAL AND MOLECULAR FORMULA

Empirical formula Molecular formula

A formula which represents the simplest | A formula which represents actual number of

1 | whole number ratio of atoms of elements ina | atoms of each element in a molecular

compound is called empirical formula, compound is called molecular formula.

> It is obtained from %age composition of | It 1s obtained by multipl:.rihg ‘n’ with unpmﬁT
elements i.e. chemical analysis formula i.e. from empirical formula

This term is used for both molecular and | This term is used only for molecular
10nic compounds compounds

Examples: NaCl, CH:;0, CH are| Examples: CeH;20% and CeHe are molecalar
4 | empinical formula of sodium chloride, | formulae  of glucose and  benzene
glucose and benzene respectively. respectively,

Relationship between empirical and molecular formula
Molecular formula = p x Empirical formula

MF. =

formula i
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oo Mmmm Concepts of Chemistry

CONSTRUCTION  OF MOLE  Rat1on 8 CONVERSION
STOICHIOMETRIC CALCULATIONS ' '
MOLE RATIOS:
Mole ratios mean the ratios of number of moles of .
es of tants tak -
of moles of product formed, of reac ing part and the number
Example:
Combustion of propane
: . CiHy,) + 50y, — 3C0y, +4H,0,,
The mole ratios _bmwcm the reactants and products can be shown as, one mole of
propane reacts with five moles of oxygen to produce three moles of carbon dioxide and
four moles of water.
CONVERSION FACTOR:
f"‘ ratio of co-efficients found in a balanced chemical equation, which can be used to
interconvert the amount of any two participants (reactants or product) in called

conversion factor.
Conversion Factor = Mole ratio of reactants in balanced chemical equation

moles of the reactant to becalculated

FACTORS 1N

moles of the other reactant

~ STOICHIOMETRIC CALCULATIONS 7
Stoichiometry is a branch of chemistry which tells us the quantitative relationship
between reactants and products in a balanced chemical equation.

CHEMICAL EQUATION
Chemical equation is the statement that describes a chemical reaction in term of symbols
and chemical formulae.
Limitation of balanced chemical equations
They do not tell about the
(i) Conditions (temperature and pressure)
(ii) Rate of reaction
(iii)Physical state of reactants and products
(iv)Mechanism of reaction
(v) Feasibility of reaction
Conditions for stoichiometric calculations
Stoichiometric calculations are based on the following conditions: -
(i) All the reactants must be completely converted into the products.

(i) The side reaction must not occur.
(iii)The law of conservation of mass and the law of definite proportions must be obeyed

while doing the calculations. |
The following types of relationship can be studied with the help of a balanced

chemical equation at S.T.P

2H,,, * Oug — ¥ 2H,0,,
2 moles 1 mole 2 moles
4g i2g 36g
44.828dm® 22.414dm’ 44.828dm’
=

KETS - PREP BOOK
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W
lationship

Mass-Mass re
f:‘lwt are given the mass of onc subsiance, we can calculate the mass of the

substance

i M
If we are given the mass o

and vice versa.
(ili) Mass-volume relationship or volume- Mass relationship

If we are given the mass of one substance, we can calculate the volume of the
substances and vice versa.

(iv)  Mole-Mole relationship
If we are given the mole of one substance, we can calculate the mole of the other

substances and vice versa.

MOLAR VOLUME:
One mole of any gas at S.T.P (standard temperature and pressure) occupies a volume of

22 414dm’. This volume is called molar volume.
Mass of a gas can be converted into its volume at 5.T.P (0°C, latm) and vice versa. Its

mean molar volume of gases is also related with their density at S.T.P
ie 22414 dm’® of any gas at S.T.P = | mole = 6.02 x10* molecules.

;H-an relationship or Mole-Mass relationship
f one substance, we can calculate the moles of other su

Example:
22.414 dm’ of H2 gas at S.T.P =2g =Ilmole =6.02 x10" molecules
22414 dm’ of NH; gas at S.T.P =17g=Imole = 6.02 x10™ molecules
Formula:
Volumeofagas = moles x22.414 dm?
Volume of oxygen e %224 dm’
: molecular mass
LIMITING REACTANT

Limiting reactant is a reactant that controls the amount of the products formed in a

chemical reaction due to being less than the required amount. It can also be defined as

follows:

(i) Itis areactant that produces least number of moles of product.

(ii) It is consumed earlier in the reaction.

Identification of limiting reactant

To identify a limiting reactant, the following three steps are performed.

(i) Calculate the number of moles from the given amount of reactants.

(lf) Calculate the number of moles of product formed from the given moles of
reactant

(iid) Identify the reactant as limiting reactant which produces least moles of the product.

KETS - PREP BOOK
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Topic-1 Introduction to Fundamental Concepts of Chemistry
YIELD:
The amount of the product obtained as a result of the chemical reaction is called yield.
Types of yield
(a) Theoretical yield
The amount of the product calculated from the balanced chemical equation is called the
theoretical yield.
(b) Actual yield / Experimental yield
The amount of the product obtained in a chemical reaction experimentally is called actual yield.
(c) Percentage yield

Actual yield
Theoretical yield

x 100

% Yield =

Reasons

(i) A practically inexperienced worker has many shortcomings and cannot get the expected
yield.

(ii) The processes like filtration, crystallization etc if not properly carried out, decrease the
actual yield.

(i) Some of the reactants might take part in a competing side reaction and reduce the
amount of the desired product.
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Topic-2
= . . Atomic Structure

——

PFROPERTIES OF p

OSITIVE RAYS

Production

They are produced when ¢lectrie current

15 ]1:!:-'-.‘-2!..':] |.|11'l'rl't_i_.:l.'| pas al h_:w pressure

Charge —
Have positive charge as deflected tow

ards negative pole of electric ficld.

{ Move in stranght line,

¢/m ratio ] - —

' Smaller than electron
Depends upon the gas filled in tube,
I Highest value was 1}h!ﬂu1ﬁl when Ha gas was filled,

| Penctration power is very low.

They can 1onize gases.

They produce shadow of an opague object.
They were xd c: ay ause thev trav
) ¥ were named canal rays because they tra

¢l through perforated cathode electrodes

Particle Symbol Charges
Alpha ,He Positive
- =
Beta At Negative
il Neutron l:II n No charge N
E_ Proton :I'l . P*ositive
Neutring ; n ™o charge

Sr - it - i

L. Charge -1.6022x10°"°C HL.6022x 10T Neutral
ke 0.1005% 10" 1.6726x 107 1.6750x 107
2. Mass — 1 '
| amu 5485810 1.0073 1.0087
.__J_‘__ Relative mass I 1836 times 1840 times
_j_-_ Relative charge -1 1 Neutral
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Atomic Structure

———

Alass of Electron

~Method 11

. m/e = 5.686x10"" kg/C -
« 10" C/Kg 19 |
cm= LIS a0 C Mass of ¢ = 5.686x1012 kg/C x 1.6022x10°7°C
Jectron =— o 10" C /[ ke ] 18
Mass of¢ , I'?SBE&:F cE Mass of clectron = 9.1095x10°" k 1

LANCRK'S QUANTUM *['\IN—T)IH"
forward his theory 10 explain the
he relationship of energy, frequency,

emission and absorption of
wavelength and wave,

In 1900 Max Planck pul
cadiations. This theory gives t
number of photon of light.

' itted or absor

' 'E:f“::;mp:::?clﬂ are called quanta or photon.

. Energy of photon or quanta Eeev.
E=hv=hcf =hcw

i f wave s i iscontinuous manner. |
bed only in terms of wave packets in a dis |

(CRITICAL CONCEPT!

Frequency: (v) .
Number of waves passing through a
point in one second.

Where, 34 Wave length: (i) -
h =planks constant=6.625%10" Js. The distance between two adjacent crests
v = frequency or troughs.

, , g Wave number: (V) i
¢ = velocity of light = 3%10"m/s The number of waves per unit length.

2 =wavelength In A, nm, pm

| Q. Incorrect relationship is ‘
A Escvy B.E= 1/A -
C.E=l/V D. All are cormect i

v = wave number

BOHR'S ATOMICMODEL

Postulates

(i) Electron revolves in one of the circular orbits outside the nucleus,
Electron can revolve only in those orbits in which its angular momentum is integral
multiple of unit h2n.

nh A
MiT = —

n
Such orbits arc called allowed orbits or stationary state or Bohr's orbits
(i) As I-:g-ng as an clectron remains revolving in its allowed :
remains constant.
(iii) When an electron jumps from higher
photon of energy as given below.

orbit, the energy of electron

to lower orbit, it radiates energy in the form of

AE = E3-E; = hv

KETS - PREP BOOK '
F!
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Topic-2 - Atomic Structure

ﬂ
—_—e

Radius of n™ Orhit
r, = (0.529A°)n’ '
By putting the valucofnas 1,2,34........ veeny WE pet
n =1 n=0520A ne=4 re=84A
ny=2 n=211A ng= 5 rs= 13224
ny=3 n=475A
Conclusion

» The orbits are not equally spaced

o L DRl 5 U R T -
The second orbit 15 four times away from the nucleus than first orbit, third orbit is ninc times
away and similarly fourth orbit is sixteen times away.,
Energy of Revolving Electron

Ea= _M kImol™
n

Conclusion
The difference in the values of energy go on decreasing from lower to higher orbits.
Ex-Ei>Ex-Ex>Ea-Ex>.....ccvvnevns-

HYDROGEN SEECTRUM

It is an important example of atomic spectrum.
Apparatus:
Hydrogen is filled in a discharge tube at a very low pressure. A bluish light is emitted
from the discharge tube. This line when viewed through a spectrometer shows several
isolated sharp lines.
Spectral lines:
These sharp lines are called spectral lines. The wavelengths of these lines lic in the
" visible, ultraviolet and infrared regions.
Spectral series:
These sharp lines can be classified into five groups called spectral series. These are
named afier their discoverers.
(i) Lyman series (Ultraviolet region)
(i) Balmer series (Visible region)
(iiiy  Paschen series (Infrared region)
(iv)  Brackett series(Infrared region)
(v)  Pfund serics (Infrared region)

The sets of numerical values, which give the acceptable solution to Schrodinger wave
equation, are called quantum numbers.

The quantum numbers are; CRITICAL CONCEPT!

1- Principal quantum number (n) _
2- Azimuthal quantum number (£) Idea of quantum numbers was given by

Schrodinger in the answer of defects of
Bohr's model.

3- Magnetic quantum number (m)
4- Spin quantum number (s)

"KETS - PREP BOOK
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Sub-shell

Topic-2 "Quantum Quantum ']
Quantum .Number : .. : Number -
Number : +1/2, -1/2 ) 32
—— +1/2,-172 3
lo (s) | 0. +1 | +1/2,-1/2 6
12 () T () N B the
b—"""1 . 0 +142, -112 2
| |0 Ej b #12,-12 |6
! : {:'hl} ,I: {'lﬂ -l-l,ﬂ,‘”,"'z +|i|"2,-||"2 10
L
IU (s) 0 +1/2, -1/2 . ll
I om0+ #1/2, =112 6 ”
3 (N 3 (d) 2.-1,0,+1, 42 +1/2, =112 10
3 (0 3,-2,-1,0,41,+2,+3 | +1/2,-1/2 14
| l
Orbital i 2 s o
The area around the nucleus, where the probability of finding an electron 1s maximum is
called an orbital.

Orbitals

[
g | s-atomic orbital spherical
3 p-atomic orbit
5 3 p-atomic orbitals P
Pas Pvs Pe -

d 5 d-atomic orbitals —

7 d.l.}u 'd'_l.'il'h {I!fi d‘uz':l"zil ‘JII:E S‘Iubﬂ!:lﬂ
i 7 f-atomic orbitals complex

Arrangement of sub-shells
The sub-shells are arranged in the increasing order of (n+0) value and if any two sub-
shells have same (n-+/) value, then that sub-shell is placed first whose n value is smaller.

Q2 How many quantum numbers were derived from Schrodinger wave equation?
A. Two B, Three
C. Four D. Six

SHAPES OF ORBITALS

KETS - PREP BOOK '
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ic-2
Topic Atomic Structure
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Shapes of s-orbitals:
s-orbital s spherical in shape and s
represented by a circle (ewt of sphere).
Higher the value of ‘n* for s-subshell
greater will be its size,

Example:  2sis larger in size than 1s.
Nodal Surface or Nodal Plane T T TR TR
The probability of finding of clectron is zero between two orbitals. This plane is called
Nodal plane or Nodal surface,

Shapes of p-orbitals

Each porbital has two lobes in dumb-bel shape.
These lobes are oriented along °
p, —F X-axis -

p, — y-axis

¥ =l F ¥
p,——>Z-axis 946 ff.i —/%
The size ol p-orbital increases with increase in its *n” value. 2 s 2 l--- 2 e
Example:

3p« orbital is larger in size than 2p, but both have same shape (i.c. dumb-bell).

Shapes of d-orhitals

Each d-orbital has four lobes or two dumb-bell in sausage shape.

These lobes are either oriented along X-axis, Y-axis and Z-axis.

The size of d-orbital increases with increase in its *n” value.

CRITICAL CONCEPT/

The volume of space in which there is
a 95% chance of finding the clectron .
15 called orbital. "

— Un axes (Dumb-bell with collar)
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3 Shape of which orbital is different from its other degencrate orbitals.
S A.s = EL:
4 D. d;

C.p: _

ELECTRONIC CONFIGURATION OF ATOMS AND JONS (H— Hr'h
It is distribution of electrons in shells, sub-shells and orbitals of an atom ﬂEEﬂl‘dlng to
definite rules. : .

The following rules are adopted in order to distribute the electrons in the orbitals of sub.
shells of shells in an atom.

Aufbau principle

The electrons should be filled in energy sub shells in order of increasing energy values,
The electrons are first placed in

s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 55, 4d, 5p, 6s, 4f, 5d, 6p, Ts and so on.

(n +{) rule: used to amrange the sub-shells in increasing energy order.

This gives us the arrangement of electrons in subshells.

Subshells are arranged in the increasing order of n+/ valucs and if any two subshells
have the same n+ [ values then the subshell is filled with electrons first whose "n"valeeis
smaller

It has two parts:

(a) The electrons are filled in subshells in increasing order of their (n+ () values.

(b) If two subshells have same (n+ {) values, then the subshell with low ‘n’ value will be
filled first.

This rule gives us the arrangement of subshells in increasing order of their energy.
Ascending order of energy of sub-shells on the basis of (n + /) rule
Is<2s<2p<3s<3p<d4s<3d<dp<S5s<4d<Sp<bs<4f<S5d<bp<7Ts

Pauli’s exclusion principle

— Filling of electrons in orbitals

v x
Two electrons in the same orbital must have opposite spins. ® (D
OR

It is impossible for two electrons residing in the same orbital of a poly electron atom to
have the same values of four quantum numbers.
Hund's rule

-

x
— Filling of electrons in degenerate orbitals @ O;.;
If degenerate orbitals are available and more than one electron are to

be placed in them, they should be placed in separaic orbitals with the (D O,:
same spin rather than putting them in the same orbital with opposite

spins.
v
Half-filled and completely filled sub-shells, are more : @ (D
stable e.g. 3d sub-shell of Cr and Cu. :
_-rl"‘-
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Topiec-2 Atomic Structure
]

T : Iy

Lithinm k] 15'25'

Bervilium 4 1si2s

Boron 5 1s*2s" 2p! 2p’ 2p}
I-Elnrb'l:'l!t 6 15725 2p! 2p) 2p)
'_ﬁirmgrn T 15" 25" 2p  2p, 2p,

Oxygen 8 1s'2s*2p} 2p} 2p)

Fluorine 9 1525 2p! 2p] 2p,

Neon 10 1s*2s* 2p} 2p) 2p;

Sodium 11 [Ne]3s’

Magnesium 12 [Nejas

Aluminium 13 [Ne]3s'3pl3p] 3p]

Silicon 14 [ Ne]3s*3p) 3p) 3p,

Phosphorus 15 [Ne]3s*3p! 3p) 3p,

Sulphur 16 [ Ne]3s*3p; 3p) 3p,

Chlorine 17 [Ne]3s*3pi3p] 3p,

Argon 18 [Ne]3s' 3p] 3p; 3p]

Patassium 19 [Ar]as

Calcium 20 [.-’Lr]i-l-s’

Scandium 21 [Ar]4si3a’ 3a} 347 3d], ,3d),
Titanium 22 [Ar]d4si3dl 3d! 3d7,3d% 34,
Vanadium 23 [Ar]dsi3d, 3d!,3d}, 3d7, 340,
Chromium 24 | Ar]4s'3dl, 34}, 3], 3d], ,3d,

7anganese 25 [Ar]4si3d}, 3d),3d),3d], ,3d,,
Irom 26 [Ar]4s*3d], 34,30, 3d, , ',
Cobalt 27 [ Ar]4s®3d], 3d?,3d,3d!, ,3d,
Nickel 28 [Ar]4s* 34}, 307, 340,34, . 3d,,
Copper 29 [Ar]4s'3dl 3d], 347, 3d], 3d),
Finc 10 [Ar]4s'3d}, 3d}, 300, 34], 3],
Gallium 31 [Ar]4s’3d" 4p 4p] 4p,
Germanium 32 [Ar]4s'3d" 4p,4p} 4p;

Arsenic 33 [Ar]ds’3d" 4p dp, dp,
Selenium 34 [Ar]4s* 3d™ 4p dp; 4p,
Bromine 15 [ Ar]4s* 3d" 4p}dp] 4p,
Krypton 6 [.-lr]h'ld"'dp:dp:-lp:

KETS - PREP BOOK
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Propertics of gases

Gas laws
Bovle's law
Charles™s law

General s cguation

foinetic molecular theory ol gascs

Ideal gases equation

Distinguish between Real and ideal gases (Van der Waals equation)

SIS WS -

INTRODUCTION

There are four states of matter namely, gas, hqud, sohd and plasma.
The simplest state 1s gas and complex one is plasma.
Gas. liquid and solid states are considercd to be phase transition states because they are
interconvertible into cach other at constant lemperature.
Whereas, plasma state is not a phase transition state because it is formed from gascous
state with continuously increasing temperature,

PROPERTIES OF GASES:

It has definite mass but no definite shape and

1. | General
volume
2. | Forces Almost negligible
3. | Density Low 4
4. Motion Molecules have large rotatory, vibratory and
translatory motion
¥ £ i
I 5. Packing No proper packing
6. Encrgy Least
1. I Thermal expansion High —4
= T
8. | Compression High i
9, Intermixj | ‘
- ermixing | Spontancous
i 10, Pressure Ten
L Exert pressure on the walls of container
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Topic-3

Gases

Particulars

. Boyle’s law,

Charles’s law.

Avogadro’s law -

The volume of'a The velume ol the given | The volume of a given |
given mass ol an ideal | mass of an ideal gas is ileal gas is directly
Statement Lis 15 inversely directly proportional 1o proportion:l to the
proporiional to the the absolute temperature | number of moles at
applicd pressure al at comstant pressure STP.
constant lemperature,
The volume of given mass | Equal volumes of all
of a gas increases or the ideal gases contam
decreases by 1/273 olits | equal number of
origmal volume at 0°C for | molecules at same
every 1°C rise or fall in lemperature and
i lemperature at constant pressure.
f pressure _
! :-:I:::::Emn:at:fgr]l PV=K or 'V i=P2V: | WT=K or V\/T|=Vs/Ts Vin=K or Vilmi=Va/n: |
v v |
l L A
u ’ . EI_
Graphical
verification
d 1
i By putting a weight [ On heating a cylinder | On increasing the
v on moveable piston of | filled with gases having a ;| number of moles ot a
Experimental | cylinder filled with moveable piston. The gas in a closed
observation | gas. The volume of volume of gascs cylinder, The volume
gas decreases. INCTCASCS. INCTEASCS,

General gas equation
On combining the
Boyle's law,
Charles's law and
Avogadro’s law,

l-atm =76 cm of He

"GENERAL GAS EQUATION;

CRITICAL CONCEPT!

= 760 torr

PV = K pressurc,
VIT = K

Vin = K

we pet

PV =nRT (R is called
general gas constant)
This is called an ideal gas
equation or general gas
equation, This equation is
completely obeyed by the
ideal gases.
Rearrangement of
general gas equation

Boyle's law

PV =nRkT=K

= |01325 Pa( Hm'i}
I m? = 1000 dm?
ldm® = 1000 cm?
ldm? = 0.001 m?

lem? = 0.001dm?

lem® = 107 m?
INm=1J
leul. = 4.18)
1] =10.239 cal

The pressure of air which can support 760 mm of Hg
column at sea level is called one atmosphenc

=760 mm of Hg
= 14.7 psi

= 1.01325 Bar

KETS - PREP BOOK
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Toplc-3 —_ —
—_— =
TR -l-“d “T*" arc Eﬂmmu

(when "n
m ![EE‘E Iﬂw % - % = K
(when “n” and “P" are constant)
ﬁ‘r‘ﬂgﬂmls law I - H'_I‘T =K
n
(when “T" and “P" are constant)
Ideal gas constant (R)
The value of R depends upon the units chosen for pressure, volume and temperatyg, Iti
independent of the nature of gas. )
The value of “R” can be derived by using general gas equation.
PV = nRT
R = PV/nT

Units of R
When P is in atm and V in dm?
R =0.0821 dm® atm K mol!
When P is in mm Hg or torr and V in dm® or cm?,
R =62.4 dm* mm Hg K*' mol!
R = 62400 em? torr K mol*!
When P is in Nm™ and V in m® (SI units)
R =8.314NmK"! mol"!
R=8.314 JK"' mol?
R =1.987 calK! mol"!

Formula for density of gas
i |
| RT
= Density of ideal gas Pressu
R = Ideal gas constant g bl

T = Absolute temperature

roportional to Pressure and
mol
. ar mass tnd

Hence, density of an ideal gas is directly p

inversely Proportional to the absolute tem
DdecP  (i)deM (Gidel
o | T

The smalles
oy t unit of Measuring energy js

C. Cal

0.1 atm is equal to
A. 7600 torr
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Topic-3 Sl

MName u_l'!'-i;.'i-.'uli-.t z (

ontribation

Bemoulli___ | Founder of KMT
Clausius | Denved Kinetic equation and deduced all the gas laws from KMT
Maxwell Presented the law of distribution of velocitics
Boltzman Studied the distribution of encrgics among the molecules
Ven der Waal Corrected the pressure and volume factors in ideal gas equation to make
i it applicable to the real gases.

_ POSTULDATES OEKINETICGMOLECUDARITHEORY S5 &

(i) Every gas consists of large number of very small particles called molecules.
Gases like He, Ne, Ar have mono-atomic molecules.

(i)  The molecules of gas move haphazardly, colliding among themselves and with
the walls of container changing their directions. ,

(iif) The pressure exerted by the gas molecules is due to the collision of its molecules with
the walls of container. The collisions among the molecules are perfectly clastic.

(iv)  The molecules of the gases are widely separated from one another and there are
sufficient empty spaces among them.

(¥) The molecules of the gases have no forces of attraction for each other

(vi)  The actual volume of molecules of a gas is negligible as compared to the volume
occupied by the gas

(vii)  The motion imparted to the molecules by gravity is negligible as compared to the
effect of the continued collisions between them

(viii) The average kinetic energy of the gas molecules varies directly as the absolute
temperature of the gas

Clausius kinetic energy equation

PV = -%m‘n"; [? is called mean square velocity)

CRITICAL CONCEPT!

Crms of a helium atom at room
temperature is calculated by using

Crms= ’_]ﬁ[
M
M = 4210 ke/mol

Relationship between the absolute
temperature and velocities of gas molecules
According to Maxwell distribution law of
velocities

¢ Root mean square velocity (Coms) = ’ﬂ
M

Conclusions : —
s In gases and liquids, temperature is the measure of average translational kinetic energy of

the molecules |
In solids, temperature is the measure of average vihralinna_’l kinetic energies of molecules.
The average translational kinetic encrgy of gas molecules is directly proportional to the
Kelvin temperature of a gas 1.¢. :
Exe<T
e When heat flows from one body to another, the molecules in the hotter body give up
some of their kinetic energy through collisions to the molecules in the colder body.

CRITICAL THINKING

The gas with min mum spe
A. He
C.Ha

T at room temperature is
B. Ne
D. F;

KETS - PREP BOOK _ ! '3
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KINETIC INTE
(i) Derivation RT

ii} 1dea of heat Mow: |
sﬁ*}nﬂ heat flows from a body at high
temperature to a body at low temperature,
molecules in the hotter body give up some ol |
their kinctic cnergy o molecules of colder |
body through collisions. .

(iii) Temperature of gases and Ilﬂuidi:
Temperature  is  measure  of average
iranslational kinetic energics of molecules.
(iv) Temperature of solids:
Temperature  is  measure of average
vibrational kinetic energy of molecules
because solid molecules show only vibrational motion.
(v) Absolute zero:
Temperature at which molecular motion ceases.

Absolute zero

The temperature at which motion of

molecules ceascs.

0K = -273.16°C = -459°F

The  absolute  temperalure 15
unattainable and the current attcmpis
resulted in temperature as low as 10°K §

| Q0.4 Which of the following temperature can never exist
A.-1°C B. -1°F
C.-IK D. All of these

Ideal Gases Real Gases

| Ideal gas vbeys the gas laws strictly under all T | They do not obey the gas laws under all
and P. condition of T and P,

' Their actual volume is ncgligible as compared | They do possess some volume that is not
to the volume of container. negligible under highly compressed state.
There are no mtermolecular attractions  or | There exist negligible forces of attraction or
repulsions. - repulsion under ordinary conditions.

T'h:. @nlmulcﬂ of an ideal gas undergo elastic | The molecules of a real gas undergo inclastic |
collisions. collisions.

| They can not be liqucficd F‘“‘F "-;':"]' be liquetied at eritical temperature |
Non- ldeal Behavior of Gases —12Y SPPYyIng enihical pressure. -3

e [fa graph is plotted between pressure on x-axis and the -.Pl_:‘q‘,cumpr-g:s-sihimy factor or ,,E )5

on y-axis for an ideal gas, a straight line parallel to the pressure axis is obtained

KETS - PREF BOOK
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————

————

s Forreal gases (non-idcal pascs), the graph 1s no morc p:lm“l‘:l to the pressure axis.

P il

N el R

1.'1!

Bim

L S L]

At high temperature under low pressure, the graph for rcal gases come closer o the
expected straight hine.

o 17 = | then line would be parallel to x-axis.

IfZ < 1 then the line obtained will below the line of ideal gas which means that there 1s

larger decrease in volume of the gas than predicted by gencral gas equation due to the

appearance of attractive forces present among the molecules.

e IfZ > 1 then the line obtained will be above the line of an ideal gas which mecans that
there is less decrease in the volume of the gas than predicted by the general gas equation
due to appearance of repulsive forces present among the molecules
Conclusion
(i) Gases arc ideal at low pressure and non-ideal at high pressure.

(ii) Gases arc ideal at high temperature and non-ideal at low tempcrature.

Causes of deviation of real gases from ideal behavior

The real gases deviate from ideal behavior duc to two faulty assumptions of KMT of gases.

These are;

() The volume of the gas molecules themselves is negligible as compared to the total gas volume.

(i) There are no attractive forces among the molecules of a gas.

CONDITIONS NECESSARY FOR GASES TO APPROACH IDEAL BEHAVIOUR

(i) Gases behave ideally at high iemperature. Becausc under these conditions, gases have
high kinetic energy. That is the rcason why the forces between them are weaker and
cach gas molecules behave almost independently and hence become ideally.

(ii) Gases behave ideally at low pressure. Because under these conditions, gases have greal
distances between them. That is the reason why the forces between them are weaker
and cach gas molecules behave almost independently and hence become ideally.

VAN DER WAALS EQUATION FOR REAL GASES

The real gases deviate from ideal behavior duc to two faulty assumptions of KMT ol gascs.

These arc;

(i) The volume of the gas molecules themselves is negligible as compared to the wial gas violume.
(i)  There are no attractive forces among the molecules of a gas.

Experimental observation and volume correction

When a gas is highly compressed then the whole volume of the container is not available

to molecules because of their actual volume together with their effiective volume which is

not negligible under this condition. So we have 1o exclude this volume.

Actual volume of one mole of gas molecule = Va

Effective volume of one mole of gas molecules =b

b=4Vm
30,
Viree = Viessd = b
KETS - PREP BOOK 23
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Topic-3 Gaseg
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CRITICAL aaucgprﬂ\

Microscopic study of gas and pressure correction
When pressure on the gas is inereased and 15
temperature is decreased the mwlecules come
close to cach other which results in the appéarance
of attractive forces among gas molecules.
A molecule in the interdor of a gas is attracted
by the other molecules on all sides so these |
attractive forces are cancelled out. However, |
when a molecule strikes the wall of the §
container, it experiences a force of attraction |
towards the other molecules in the gas. This
decreases the force of its impact on the wall. _
This results a decrease in pressure denoted by P'. so the observed pressurc Is less than the
ideal pressure Pj by an amount P'.

P=Pi-P

Fi=P+P

For real gascs, it 1s observed
molecules occupy only 0.05% of ||~
total volume at STP, but at 500 atm 4,
0°C, the velume occupied by .
molecules is 20% of the total volume
Molecules altract one nnﬂthﬁ at
distances up to about 10 molecular

diameters.

i

The volume of real gas will change if “P” increases upto S00atm and temperature
decrease upto 0°C

A. Volume increases by 0.05% B. Volume decreases by 0.05%
. Volume increases 20% D. Vol decreases 20%
mnﬂ' e Eﬁ

Mathematical Representation
Both these corrections can be represented mathematically by the modification of the
general gas equation called the van der Waals equation.
. The increase in V caused by the effect of molecular volume is corrected by subtracting an
amount nb from the observed volume. i.e. -
V-nb
. The change in pressure caused by the effect of intermolecular attractions is best corrected
by adding an amount an’/v* to the pressure.
— Correction for intermolecular attraction — Correction for molecular volume
»

an’

Van der Waal's equation [P+W} (V-nb) =nRT

nRT an’

Vb V2
Forone moleofgs P =(RT/V-b) - a/V?
Here “'a™ and “'b" are called Van der Waals constant.
Units of (a)
(i)  Nm" mol? (5.1 Units)
(ii)  atm dm® mol™ (other common units)
Units of (b)
(H  m® mol' (5.1 Units)
(ii) dm’ mol”! {other common units)

For n moles of gas P=
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Propertics of Tiguds

.

» Intermolecular forces

. Hyidrogen bonding

. Evaporation

. Vapour pressurce

. Boiling point and external pressure
. Anomalous behavior of water

INTRODUCTION
« Liguids states of matter is the intermediate state between the gaseous and the solid state
In liguids the malecules of the matter are held together by strong intermolecular forces in
comparison to those in gases.
+ On the bases of kinetic molecular model, the liquids state is described as follow:

(i) A liquid is composed of small molecules
(ii) The molecules of the liquids or held closer by some kind of intermolecular forces.

(iii) The intermolecular forces are not very sirong and thus the molecule is always in

constant random motion.
(iv) The average kinetic encrgy of molecules of a liquid

their absolute temperature. o
; O PROPERTIES OF LIQUIDS

R rropcih

is directly proportional to

L. General it has definite mass and volume but no definite shape
| 2 Forces Weaker than those in solids
3 Density Lower than solids
4 Maotion Low values of motions
| 5. Packing Less closely packed
| 6. Energy Higher than solids
' 1, I hermal expansion Higher than sol ids
|
| 8. Compression Slightly higher than solids
I ,
LY | Intermixing Spontaneous but slow
L_10. Pressure Negligible
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FORCE OF ATTRACITONS

lar Forees
lm"mmfl&lﬂmt? :;Iiu:h are present within the molecules, are called intramolecular forces
Examples
« Covalent bond
+ lonic bond
« Co-ordinate covalent bond ete. .
These forces are stronger as compared to intermolecular forces related to the chemicy
propertics only.
Intermolecular Forces
The forces present among the molecules are called intermolecular forces.
1. Dipole-dipole forces
2. lon-dipole forces
3. Dipole-induced dipole forces
4. Instantancous dipole-induced dipole forces (London dispersion forces)
5. Hydrogen bonding

Intra: Attractive forces within molecules are called intramolecular

forces.

Inter: Attractive forces between the molecules are called intermolecular

forces.

Polar Molecules

+ The heteroatomic molecules are usually polar.
Examples: CH:Cl, HOCI, H2S0; etc.

* Binary compounds whose central atom is from group VA, VIA or
VIIA are dipolar '
Examples: H:S, HCI, HF ete.

Non-polar Molecule

¢ MAono-atomic or homoatomic molecules are always non-polar
Examples: Ha, Oz, F3, Clz, N2

¢ Binary compounds whose central atom is from group lIA, IIIA or
IVA are non-polar. They have symmetrical shape.
Examples: BeCl:, BH;, CCl ete. are also non-polar.

. —
Signiflicance

» All the intermolecular forces are electrostatic in nature and are resulted from the mutual
attraction of unlike charges or the mutual repulsion of like charges.

» Many of the physical propertics of liquids can be explained on the basis of intermolecular
forces.
Dipole-Dipole Forces
The clectrostatic forces of attraction produced when the positive end of one molecule
attracts the negative end of neighbouring molecule are called dipole-dipole forces.
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Topic-4

Factors affecting the strength of dipole-dipole forces

Electronegativity difference between the bonded atoms
Intermolecular distance

Examples

« These are present in polar molecules. e.g. HCl and CHCls

» These lorces are dpproximately one percent as effective as a covalent bond.

« In gaseous phase, the dipole-dipole forces are least.

« Greater the strength of dipole-dipole forces, greater the values of melting point, boiling
point, heat of vapourization and heat of sublimation.
Dipole-Induced Dipole Forces (Debye Forees):

¢ In the mixture polar and non-polar molecules, the positive
end of the polar molecule attracts the mobile electrons of
the nearby non-polar molecule. In this wav polarity is
induced in non-polar molecule, and both molecules become dipoles. These forces are
called dipole induced dipole forces or as Debye force.

+ Example: Chlorine gas mixed in HCI
& &

Bk
H—Cl-—Cl—C1

L Heo e e B I CguiE et
Factors affecting the strength of intermolecular forces

Polaniny ereated in 2 pon-polar
malacule undear the inlluende
of a permanant dipole is called
induced dipole

L.ondon

| * Dipole-induced ™ | Dipole-dipole | Hydrogen

lon-dipole force dipole force

dispersion

forces hand

forces
» Charge » Polarity of » Sizeofthe | » Polanty of » Polarity of
density of the polar molecule molecules molecules molecules
ion » Size of the » Collision b Size of the » Number of
}» polanty of the molecules frequency molecules utilizable
molecule b Colhision b Colhsion lone pairs
b size of the frequency frequency
molecule

LONDON DISPERSION FORCES (LDF)
The short-range forces of attraction created between one end of instantancous dipole and

the opposite end of the induced dipole are called instantaneous dipole induced dipole
interaction or London Dispersion forces.

A German physicist Fritz London explained these forces in 1930.

These forces are present in all types of molecules whether polar or non-polar,

Variations )
* London dispersion forces increase down the group duc to increase in size hence the

polarizibility ¢.g. boiling point of fluorine (gas) is ~188.1°C while that of iodine (solid) is
+184.4°C.

* In hydrocarbon with the increase of chain length the intermolecular forces increase e.g.
the boiling point of ethane (CzHe) is -88.6'C and of hexane (CsH,4) is 68.7°C.
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The type of forces which exist in liquid hydrogen f@uuride
A. Only inter molecular forces B. Only intra mnlgr.:ular forces
C.BothA&B D. HF does not exist as a liquid
0.2 Which of the following is expected to be a non polar pair of molecules?

A. 502 and CO: B. Hz and CO
C, CCls and SiCls D. CO and CO:

Evaporation
at all temperatures.

Example: H,0,, —H,0,, AH, =407k mol™

Factors affecting

Surface area of the liquid

* Natural phenomenon e Nature of the liquid

# Cooling process b Size of the molecules

» Continued at all temperature ¥ Shape of the molecules

» Endothermic process b Intermolecular forces

e  Surface phenomenon * Temperature |

External pressurc

* At equilibrium i
ik g T, ::I:]:;n r.:m: of evaporation equals the
*. Evaporation is surface phenomenon while
boiling 15 the property of the bulk of liquid.
* The maximum vapour pressure developed by a

Q.3 At its boiling point, which
A. Water
C. Ether

will have maximum vapour pressure?
B. Ethanol
D. All have same
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ek — Liquids
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Vapour Pressure

The pressure exerted by the vapours of a liquid in cquilibrium with its liquid at a given
temperature 15 called vapour pressure. h

Factors affecting vapour pressure
o Nature of the liquid
¢ Size of the molecules

Vapour
Name of compound pressure at

- 20°C (torr)

Isopentane 280
» Shape of the molecules Dicthyl cther 442.2
¢ Intermolecular forces Chloroform 170
» Due to weaker intermolecular forces, at 20°C | Carbon Tetrachloride 87
vapour pressurc of isopentane is more (580 Water 17.54
torr) than glycerol (0.00016 torr) Mercury 0.012
o Extemnal pressure Glycerol 0.00016
NOTE: Vapour pressure of water is 4.579 torr at

0°C.

o BOILING POINT
Boiling Point

The temperature at which the vapour pressure of the liquid becomes equal to extemnal
pressure is called boiling point.

Boiling point depends upon extemal pressure.

Nomual Boiling Puirts

External ' H-ilingl'a,bitllﬂl'
~ Pressure -} H:0 E1
(1) 1489 torr 120°C 2l
(2) 700 torr 98°C (Murree %
~ Hills) s
@) 323 torr 69°C (Mount 5
Everest)
(4) 23.7 torr 25°C

0 20 40 60 80 100
ﬁ
Temperiure

VApOUr Pressure increases rapidly when the liquids are closer to their boiling points.

Factor affecting the boiling points: ;
Boiling points of liquids depend upon the following factors.

» Intermolecular forces

* Vapour pressurc lemperalurc curve shows that

¥ External pressurc

I 29
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(iy Intermolecular foree ’
L]
Stroneer the itemolecular forces, grealer will be the boiling point ang
e l.'u

LIreateT anl of heat w il be |.,-¢|||l1'1.'1-| o
b (her-oome u1:-.'l!|1h.'Illlq.ll'l.'ll."ll."i-“l-" attractions
[rCSsSure, Henee, boiling point will be h'rg}.

b Fiqualize vapour pressure with extens. il

Hyvdrogen bonding is the electrostatic force of attraction between a highly electron -
atem amd partal positively charged hydrogen atom.
Hydrogen bond {,\ i .
] B = -.n"'f l\ & h
— Cov arenl bond If/ i, i Y / \
.F 5 “t‘li H | 1

\_)\ . AN H :
e T LA y
. /l 1.-".1.,- / :.’._f :':"} = / I \..
l_.'_ F l-..-"" '.'""-. & v \"'-. ] H . H
L - ~H H H H H
HF H:0 NH»
. veeptionally low acidic strength of HF molecule as compared to HCI, HBr and HI is de
to strong hydrogen bonding.
. Ammoniz and hydrogen fluoride can form only one hydrogen bond due to presence of

only one utilizable lone pair of electrons and one utilizable H-atom respectively.

. Water can form two hydrogen bonds as it has two utilizable hydrogen atoms and we
utilizzble lone pairs on oxygen atom.,

* The sength of hydrogen bond is generally twenty times less than that of a covalent bond.

A comparisen of inter-molecular foreces

Forces Characteristics

lon ~dipole Occurs between ions and polar solvents .
Dipole-dipole Occurs between polar molecules |
b — 1 —-—-.

London dispersion Occurs between all molecules
e

Oceurs between highly electronegative elements
| Hydrogen bond
I, N or O and partial positive hydrogen

== i m—

I:.'hpuh. induced dipole Decurs in mixture of polar and non-polar

. —— =

Bl e T—
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Factors affecting molar heats

Liquids ‘

wature of material | polar,

Generally polar liquids have high AH, molar heat of vaporization than non-

Polar solids have high AH¢molar heat of fusion than non-polar.

Size of molecule

Larger the size of molecules, greater will be AH,

Anomalous Behavior of Water (Structure of Ice)

L]

In ice, the oxygen atom of water molecule is surmounded by four H-atoms.

« The two H atoms are linked through covalent bond while the other two H-atoms are

linked through H-bond.

» This 1s extended throughout creating the empty spaces in the structure.

« That is why when water freezes it occupies 9% more space and its density decreases.

« That's why ice floats on the surface of water.

o The lower density of ice than liquid water at 0°C causes water in ponds and lakes to

freeze form surface to botiom.

¢ Water has maximum density 4°C.

A hexagon in the structure of ice

Dhypes Dy iengen
Thrrs dimaukzas] strectorr of kv

a1
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"roperty

Thermodynamic

propertics of
covalent hydrides

— e ———
ertics of compounds containing hydrogen bond

» Greater the E.N dilference, stronger will be hydrogen \

Description .

Compounds with such condition have higher B.P thay, um,;. .
molecules, which docs not have such pro; -y, |
In HF and H0, more E.N difference is between H and F ghy, "
and O, but water has high B.P than HF, it is due to greater
number of H-bonds between water than in HF.

Application in
biological
compounds

Fiber proteins —
Fiber protcins consist of large chains of amino acids and thes,
chains are coiled about one another into a spiral. This spiral jg
called Helix. Such a helix may cither be right handed or Jefi
handed (a-helix and -helix). In both cases >NH and >C0
adjacent 1o one another are linked together by H-bond.

DNA

Deoxyribonucleic acid (DNA) has two spiral chains. These are |
coiled about cach other and are linked together by H-bond i
between the nitrogenous bases i.e. A= T and G=C and give risey

= T

double helical structure. .
Food Material !
The food materials like carbohydrates e.g. glucose, fructose and
sucrose have -OH groups which are responsible for the H-bond in
them.

Clothing

Hydrogen bonding is involved in thread.

Solubility

other.

Compound with hydrogen bond is soluble in compound having
hydrogen bond e.g. H20 and C:HsOH are soluble with cach

Cleansing action

Soaps and detergents perform the cleansing action because the
polar part of their molecules are water soluble duc to hydrogen-
bonding and the non-polar parts remain outside water, because
they are alkyl or benzyl portions and arc insoluble in waler.

Hydrogen bonds in
paints and dyes

P

The adhesive property of paints and other dyes like glue elc. is
due to hydrogen bond.

Structure of ice

e g e
ey

.:-"‘*-1:‘*;1.-""*-4
&
l—-(- .)—l

kg g @ e

In ice, the oxygen atom of water molecule is surrounded by four |
H-atoms. The two H atoms are linked through covalent bond

while the other two H-atoms are linked through H-bond. This is
extended throughout creating the emply spaces in the structure. |
That is why when waler freezes it occupies 9% more space and i

its density decreases. That's why ice floats on the surface of !
walcr, J

B

—
a

|
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TOPIC-5 SOLIDS

COURSE CONTENI'S®

. Introsluction

# Py pes of sohils
. lomie soluds

. Molecular soluds
. Crystal Inttice

. Lattice enerpy

Molecules, 1ons or atems arranged in specific Maolecules, ions or atoms do not have
three-dimensional pattern c.p. NaCl, KCI, regular order of arranpement .. rubber, |
sucrose, 13 and jce vle. plue, pglass ete.

Crystalline solids possess definite geometrical Amorphous solids do not have definite

structure ¢.g2. MaCl is cubic in nature, geometrical structure c.g. plass,

The amorphous solids do not have sharp

melting points but they are gradually
The crystalline substances have a sharp
, soften on a range of temperature. They

melting poinis e, NaCl has 801°C.
may be called as super-cooled liguids e.pg.

glass, plastic cle.

In crystalling substances, water molecules can Amorphous substances do not have such

be the pant of erystal ¢.g. FeS01.71:20, water of crystallization,

| CuS0y.511:0 ete
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Geometric shape

/

Have definite geomelry and shape.

Sharp melting points. :

" Melting Point

| Cleasvage planes

Whenever the crystalline solids are broken 1k

€y do
definite plancs. These planes are called the cleavape m:!;::rﬁ !

[

Anisolropy

The property which depends upon the direction of crysta] . |
Anisotropic propertics: !
(i) Refractive index

(i  Co-cflicient of thermal expansion

(iii)  Elecinical conductivitics

(iv)  Thermal conductivitics

()  Cleavage of crystalline solids

— ———— ——

Symmetry

=

b T L O

The repetition of faces, angles and edges when 3 E,Em‘?
rotated by 360° along its axis is called symmetry.
There arc many types of symmetry elements: -
Centre of symmetry

Plane of symmetry

Axis of symmetry

PROFERTIES OF CRYSTALLINE SOLIDS :

I Habit of a erystal

The shape of crystal in which it usually grows is called habitof
a crystal.

Isomorphism

The phenomenon in which two different compounds exist in e
same crystalline form is called isomorphism.

Many solids Ehﬂ“':iiﬂmﬂfphjim e.g. NaNO; and KNOy exhite
rhombohedral erystalline form.

Polymorphism

The phenomenon in which one compound contains more the
one crystalline forms is called polymorphism.

€.g- AgNO; exists in Rhombohedral and orthorhombic from.
Compounds exhibit this phenomenon.

Allotropy

The phenomenon in which an element ex
crystalline form is called allotropy.

Carbon exists as graphite, diamond and Bucky balls,
Elements exhibit this phenomenon,

1515 in more than oot

Transition
lemperatlure

Itis that temperature at which two crystalline forms of the ﬂl;'-i
substance can co-exist in equilibrium with cach other.
Above and below this temperature only one form exists.

Grey tin (cubic) =255 \White tin (tetragonal) |

]
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LATTICE STRUCTURE OF CRYSTALLINE SOLIDS
Definition:

“An array of points representing the arrangement of particles (atoms., ions or molecules)
in three dimensional spaces is called crystal lattice™,

The regular arrangement of the particles of a crystalline solid at the microscopic level
produces characteristic shapes of erystals,

Lattice:

“The position of the particles in a erystalline solid is represented by a Lattice™

It represents the structure of any substance. A lattice is of three types:

()  Three-dimensional lattice

(i) Two-dimensional lattice

(iif) One dimensional lattice

Structure of a crystal:

External structure of crystal:

The external shape of a crystal depends upon the conditions of crystallization. It may be

different in one form or the other eg. NaCl is cubic at ordinary conditions but

oclahedral in the presence of urea as impunty.

Internal structure of cryvstal:

The intemal structure is the same with basic structural unit, although the conditions for
crystallization are different. This unit describes the pattern by which the particles are
arranged in a erystal.

Factors:

Primarily a crystal depends upon,

(i) Shape of the unit cell

(iiy  Contents of the unit cell

The atoms. molecules or 10ns in a crystal are repeated in a systematic manner.
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L nit cell:

il

v of a crvstal, which shows all
e smallest umt of volume of a cryst l,

the properiies of ils pattem, i3 called a wml u:ll:'. e
Thas 1s 2 haste structural um ol a f:r}'st:il, It represents the
dructure of any substance. 1t has 51X paramelers -;nll..-fl cell
Jumensiens or K1y stallographic clements ie. three umt ccll
lengths a, b, ¢ and three angles a, b, y.

fﬂ;lln'hul.lﬂll of eation or anfon present al diflerent
positioning of cube in a unit cell.

Mid of cube = 1 l Unit cell
Face of cube = =
1

Edge of cube = r

=

1
Corner of cube = E

CLASSIFICATION OF SOLIDS

lomic Solid

Definition: |
Those solids in which ions are held together by electrostatic forces / ionic mﬂi
called the ionic sohids.
Properties of ionic solid
o The arangement of 10ns in ionic solids is three-dimensional.
o They have high melting and boiling points and are non-volatile.
o The structure of an ionic crystal depends upon the radius ratio of cations and anions.
o They are non-conductors in solid state but they are .
conductors in molten state or solution form becausein =~ @--ieeeep®ee
these forms, ions are free to move lo conduct P
electricity. K e
o They are soluble in polar solvents and insoluble in | &i-f-@F-3-|uf
non-polar solvents, o— 4 @
Structure of Sodium Chloride
Independent molecules of NaCl do not exist in solid | @ foatee
state. That is why NaCl is said formula unit of sodium - d

chlonde.

- +

Sodium chloride has giant ionic structure ®Cl° *Na .
Co-ordination Number

The number of ions of same kind that surround an oppositely charged ion is called & |
ordination number.

In NaCl, cach Na© ion sumounded by six CT jons and —

each C1' jon is sumroundal by six Na' jons. CRITICAL CONCE

S0, co-ordination number of NaCl is 6. e _

Co-ordination No, of Na® is 6 The “'-"mﬂ"l"-"'trﬂ-l_ll‘lﬁ Ut
Co-ordination No. of ClI is & suround one cation is called

coordination numbser

p
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Number of formula units per uni cell
The unit cells that share one CI ion at one comer = §

A unit cell gets a share of one CI' ion at one comer = }ﬁ

A unit cell gets a total share of CI* jon ot cight comers = 8x /Ié,: I

A unil cell gets a share of one CI' ion at one face = 1

A unit cell gets a total share of CI" ions at six faces = 6x la 3
2

_ S0, a unit cell gets a total number of CI" jons = 4CI
Similarly. there arc four Na® ions in a unit cell. Hence, there are four formula units
(4NaCl) of NaCl in a unit ¢ell.

Q3  The correct order of size of given cations is
A.Na''>Mg*?> AI? B. AlI*'>Mg'?> Na™!
C.Na'l> Al"> Mg" D. Mg"?>Na''> A1

The Factors that affect the shape of an ionic solid
There are three factors which affect the shape of an ionic crystal.
o Electrostatic Forces of Attractions:
o Radius ratio
o Poor conductivity
Electrostatic force of attractions
The ionic solids are composed of cations and anions. They are held together through
strong electrostatic forces of attraction forming a well-defined geometric shape c.g.
formation of NaCl. Sodium loses one electron and converted into Na®! ions.

Na - le™ -—}I;I}J" (A cation is formed)

= Xl Ty ed
o +le— ,[-C_.!“ (An anion is formed)

These ions combine together due to strong electrostatic force.
MNa™'+ ClI"' ——NaCl AH= -787 KImol™
. #] = =
It is an exothermic reaction. To form a crystal lattice of Nat.'."l. _I‘."ﬂ-ﬂh Na'' ion is
Eﬂl'llﬂl.lndl:d by 6 1! 1ons and each CIl" ion is surrounded by 6 Na*! ions. As a result a

cubic structure of ionic solid of NaCl is formed.

(i) Radius Ratio: jonic solid depends upon the radius ratio of cations and

shape of an : f catio
mﬁ:ﬂiuﬁamm E:F have the different geometry because the radius ratio is differem

in both the cases. - Rﬁdilﬁﬂfﬂtim
Radius Ratio=

Radiusofl anion

us ratio consisting of cations and anions can give a good idea of

, di - :
Thus knowledge of rad: | ionic compound with radius ratio greater than 0.732 will have

the shape of erystal. Am
cubic structure ¢.g. NaCl.

S S |
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. D . qure should be in
The radwis rann it o nan I..'l‘l-ll'rl'lﬂ.ll'ldl wilh m'l.-lllul.rnl .."I-II'I.I'LlIt lII |_:"_- g ":i':ﬂ- |
0414 amd 071> Sinmlarly, a “.“.||“-,|,,,-|.] aliuciure 1% fovrmmici LT
between 0 22 w0414

The Radius Batio of the following jonic crystal .
: e ool the foll p ‘!“ " Octahedral amangement of culnc struclure,

‘. sl 091 — mly centred cubic arrangement.
0.40 — Tetrahedral arrangement.

e

3, InS . : . R |
The structure and Limiting radius ratio of cerfain l-‘l“.‘r"-"'*“““'I“ subslances ke g4 w: |
— | Limiting, Radius Radio |
No. | Shape of ionic solid i

I._-' By centered cubic 0.732 and above '

3 | Octahedral 0414 10 0.732
3. | Tetrahedral 0.22 w0414 .
4. | Tnangular 0.15 10 0.22
(i) Poor Conductivity: _ | | :
d duet electricity in solid state because jony |

lonic compounds do not have frec jons lo conduct € : :
are fixed at their positions. They conduct electnicity in molten stale or 1n aqueous solution
when the 1ons are free (o move. _ ) ) _ :I
In aqueous solution, the crystal latice is broken into cation and anion because of high
diclectric constant of water. Thus the ions arc solvated.

NaCl ,—==—3Na" + Cl" ,

Lattice Energy
The lattice energy can be defined in two ways. ) _ ‘
“The amount of encrgy released when gaseous ions of opposile charges combine to give

one mole of a crystalline jonic compound is called lattice energy™

Na\ + CI"',——NaCl,, AH= -787 kJmol™

“The amount of energy required to break one mole crystal lattice into its gascous 10ns i
called latice energy’.

NaCl,, —Nag, + CI} AH= +787 kJmol™
Factors: ook Lattice
There are two factors which affect the lattice energy. comsound| ™
Size of ion (cation or anion): (K me
Lattice energy decreases with the increase in the size of the ions LiCl ":::—-
{whether cations or anions), thc packing of oppositely charged ions }T:-‘;F:l :“_;"
become less and less tight. KCl -ﬁE:':
Charge of ion (cation or anion): Nalir 7 |
Lattice encrgy increases with increasing ionic charge. Increase in KBr 565 _ |
charge also increases the electrostatic force of attraction therefore Nal 6%
lattice energy also increases. |
Molecular Solids

The solids in which polar or non-polar molecules are held together by Van der Waal's |
forces (London forces) or Dipole-dipole forces (Hydrogen bonding) are called mo
solids.

R

3

|

y
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. Sollds
._-?"Ff_ 1- - ) . _ =
Propet ties of molecular soljng —_—
o ey are sofl and casily Coimnpressly)
3 ] Al
I ey are sty + . . )
] J h 7"'-“!][ il rl-'l'|.{1 Lo ||I]_-||III:|'. ol 'I'.|-||I|"H P””“'-,i
(] ey ane b conduenons ol eleg iy

sppucture of Todine

(%]

i

L]

Tvpe of
Salid

b s o mwlecular soligl

I the solud state, the molecules of

laver lnhee,

-1 bond distanee 15 2715 Pl

m praseons wding (200, 06pim).

tshine align i the form of

s appreciably longer than

¥ wre prmiarel gl

ppmrinpe ol blias

lodine 15 a poor comductor of clectricity, Lattice points are occupied by 12

molecules,

It has Gwee centerad cubie structure,

Structural

cations plus

1y PE OF STRUCTURE AND BONDING PRESENT IN A SUBSTANCE

Intermolecular
Forces

Typical Propertics

hardness varies from soft to
very hard; melting  points
varied from low to very high:

- Examples

Na, Mg. Al Fe,

PSR . - H ) i :
Metallic LIL]LLJ_I,I;.L:I metallic bonds lustrous; ductile; malleable: | Zn, Cu, Ag. W
SISCINHIE very good conductors of heat
: and clectricity
!
i ) hard; moderate to very high
| N &
- : ; melting points; nonconductors | ™
' sations Jectrostatic Py | NaCl, ™NaNOy,
' ; "um."ﬂ o L-:ternr;tinns of  clectricity  (but . good MeO
B anions " clectrical conductors in the |
! molten state)
i sofl; low melting  points; _—
| nolecules London or nonconductors of  heat  and ‘1'-" ¢ Bas
| ag g . le-dinole electricity; sublime easily. in | €lements,
| Molecular (atoms ol dipole-dipole or e CH1.COPy
| n{!hlﬂ "I‘il.'-"i"] h}!{lﬁ'llgﬂﬂ |j-n|“1_5 my Ciscs Se I HoD
SR g.02,H20
| very hard; very high m::lliﬁg Ctdi
- Covalent covalent bonds | points; nonconductors of S!:CII;:'“IMdL
- atoms i S g
| network i clectricity 1C,510:
—— : I
lF

-—7‘
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. Reversible ar

. State of chemical equilibrium

. Equilibrium constant expression for important reactions
. Applications of equilibrium constant

. The Le-Chatelier's principle

. Synthesis of ammonia by Haber's process

. Common ion effect

. Buffer solution

N Equilibria of slightly soluble ionic compounds (Solubility product)

1d ireversible reaclions

ropics ) CHEMICAL EQUILIBRIUY

COURSE CONT

INTRODUCTION

Rate of chemical reaction

The change in the molar concentration of the reactants or products per unit time is callod
rate of chemical reaction. Its unit 1s mol.dm?s™!,

Chemical equilibrium

An apparent state of rest in a reversible chemical reaction where the rate of forwand
chemical reaction becomes equal to the rate of reverse reaction is called chemical

equilibnum.

Characteristies of Chemical Equilibrium:

o It is established only in close system
o It can be established from cither side
o It isa macroscopic property.

o

Reversible Reactions
Proceed in both directions i.e., forward and
reverse

It 15 a dynamic state because reaclion is not stationa
RATES OF FORWARD AND REVERSE REACTIONS AND DYNAMIC
- EQUILIBRIUM

rather moving in both directions.

Irreversible Reactions
Proceed in one direction i.e., forward.

Reaction does not go to completion. Reaction goes to completion usually. __,.I ;
represented by {;‘] represented by (=) .

. _— a . B Bl B - _._'_1
Dynamic equilibrium state is present Dynamic equilibrium state is absent, |
Examples Examples B
H:+3HJ—%EH]I} INa +2H:0 —— 2NaDOH + H» '
F‘Elj blagh Prpss e FE',"-‘CH 2Ha+ (s —s 2H:0 _-_._._._.

S
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—_— e — . Chemical Equilibrium

Types of Equilibria —

Homogencous Equilibie]ium,

\ chemieal cyuthboam m which the pe
"'.'i |1|..-._‘i1_||,'|l- AP0 TN lhl.' AT ‘1'1
boprepeneous cquibibnum e p

lHelerogenenus equilibrium
A chemical equilibrium in which the reactants
and products are present in different phases is
called a heteropencous equilibrium e.g.

_ Ry CaCO,, ==Ca0,, +CO,,,
Static Equilibria -

L “““"',.
A5¢ 15 called

. i} — L
..:"'I'] : L oF 1.—_.._:"l||:'l_l

Dyvnamic Fquilibria *~

¢ Cone ol reactamts and products are @ Conc. of reactants & products are constant
constant o Rate of reaction is not zero
o Rate of reaction is zero o Rate of forward reaction = rate of reverse
- : reaction
For a given reachion
A+DB —

i

i1 1 ik — L4 "'M,H_

:.I I- s = L R b | e i

[ T - e -

s T,
. —= B ) 1

1;_ =ik ; 1 i

. '“l....l e PO T - — 1 — e

o —

Law of Mass Action

C.M Guldberg and P.Waage introduced this law in 1364,
Statement

It states that the rate at which the reaction proceeds is directly proportional to the product
of the active masses of the reactants or their molar concentration.

Explanation
Consider a general reaction in which A and B are the reactants and
C and D are the producits.
A+B==C+D
Rre [A][B]
Re= kE [A][B] CRITICAL
Reec [CIID]

Active mass means the
concentration in mole dm™
of the reactants which alter
as a result of chemical

reaction

Re=ki IC][D]
At cquilibrium state
H.:' = Rr
ke[A] [B] =k [C] D]
On rearranging, we gel
[All6]

=K

%

L-F- > l_:-l.-

L]
- B

Y
is called the |:{||.|'L]i|.1ri.l.11'ﬂ constant of the reaction.

EO

The constant K. _

For a more general reaction I ol
h - 1 =

ad +bi=="cC+dD), 110

[AT[8]

KETS - PREP DOOK 41
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Chemical E'luilu;

Topic-6 3 _______.__________________,_._;_-__—-—___._——'—'—'———— ﬁﬂlﬁ

What is ke entrations of the products to the progye
The ratio of the product © - brium constant (Ke) of

concentrations of the reaclan
Characteristics of Hr
" Factors ’
! Temperaturc.
i iy Greater the tem

[ the col i
15 is called equili

Expression

perature, greater will be the K. value for t“"]mh’ﬂnnit |

I 0N qee versd. I
ends upon reactions and viee v _ _
T N ii) Greater the temperature, lesser will be the K. value for exothemmj, |

reactions and vice versa. |
Initial concentration of reactants —

! o
| dent of | @ Pressurcor volume |
| Independent of | o pirection of reaction ;
|
o Catalyst : |
o When number of moles of reactants = number of moles of products
then K has no units. .

Units o When number of moles of reactants #number of moles of products,

then K. has some units and can be calculated by using formula
Kc = (moles.dm~')*" where An = np — ng

CRITICAL THINKING "'!

|A] represents the concentration of A in

A, Grams C. dm’
B. Moles D. mol/ dm’

e ——

EQUILIBRIUM CONSTANT EXPRESSION FOR IMPORTANT REACITON: -

Reactions """ Rafe’expression

| . = :- r r
PCls = PCly+Cls K{:M = x I{p= Prer, ™ Poy,
[PCl, ] V (a-x) Pre,
N0y = 2NO: E;I:lHGI ]1 K, = 4x’ K = F'i'u-l
lH!Di] ‘-’l::l.-:ll] g Puo,
. : Ty pl 1
Na+31: = 2NH; mf:-INH_J]‘ K, = 4x"V K = Fm...
[M,][H,] (a-x)(b-3x) o
20+ =2 2508 = [S'D.nlz _ 4x*V K = F:""_
[s0.T[0,] T(a2x) (bx) | ' PoPi |

Relation between different equilibrium constants
When concentrations are expressed in mole dm™, then

aA +bB—=2cC+dD

_[cT[D

(AT [B] :
_CGG
o

d

K
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B e Chemical Equilibrium

In case of gases, we usc partial pr re and

K = PEph Ke changes to K,.
A
Ko™ K(RT) %
p— ERITICAL cONcEPT!

An = number of moles of
R = General gas constant
T = Absolute temperature
When An=0 then, K, =K,

products - number of moles of reactants

Calculation of Value of Equilibrium Constant:

Calculate the values of equilibrium constants in terms of concentrations or partial
pressures from appropriate data.

Consider the following gaseous reaction system having partial pressure at equilibrnum

2ZHI +=—H: + I
100 torr 50 torr S0 torr
Its Kp can be calculated as

Kp  =Py,.P./ (P, }:
=50 x 50/ (100)*
= 2500/ 10000
=0.25
Calculating the Quantities Present at Equilibrium:
Calculate the quantities present at equilibrium, given appropriate data
Consider the following reaction |
CH3;COOH + C:HsOH ——= CH,COOC:Hs + H:0
When two moles of acetic acid and two moles of ethanol are present at equilibrium, the
number of moles of ester formed if Ke 15 0.25.
_ |cH,cooC ;][ H.0]
Re = [CH,CoOH|[C,H,0H

(x)(x)
2= 2)0e)

0.25x4=x"

x=1

Kp = Kc When

e
P e C.ng > np

B. ng < np D. Not possible
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Chemical Equyy, |
"M .CONSTANT (Kc) 2

APPPLIC

(i) Direction of Reaction:
[products]

[reactants] tion will proceed (forward)
< K. then reac : .

0 1 [Productsy(Resctants] <€ T ion will move backvted (teverse)
c) 1 ucts}/[Rea
(if) Extent of Reaction: ‘ . . slmost complete
(a) If the value K is very lzﬂaﬂc'#r;g:::iﬁmﬁ a1 25°C)
1: rf.a-::icrn du:-s not proceed( moves forward) appreciably
oHF = H,+ F, (Ke = 107 a1 2000°C)

. ic shows a Very little fi::rn?':lrd reaction.
(CyIEvalue of ezt il l:msThl! Position Of Equilibrium:

i t pnditions on : :
g“iﬁﬂﬁﬂfm constant, it remains constant for a particular reaction at conyy,

temperature
o It can be varied if external
are altered.

| |
If K. is very small then products will be very much unstable.

If K. is very large then the products will be very much stable.
S i e T IIE LE-CHATELIER'S PRINCIPLE

(b) If Kc value is smal

conditions like temperature, pressurc and coneentralig,

Statement T
This principle states that if a stress is applied 1o a system al equilibrium, the system
in such a way so as to nullify it, as far as possible.
Applications of Le-Chatelier’s principle o N
Le-Chatelier's principle helps in studying effect of followings on cquilibrium posilion
and equilibrium constant
(i) Effect of change of concentration.
(ii)  Effect of change of pressure or volume.
(iiiy  Effect of change of temperature.
(iv)  Effect of catalyst on equilibrium.
Effect of change of concentration
o The addition of substance among the reactants, or the removal of a substance among the
products at equilibrium stage disturbs the equilibrium position and reaction is shifted to
forward direction.
o The addition of a substance among the products or the removal of a substance among the
reactants will dnve the equilibnum towards the backward direction.
NOTE: reaction shifis in any direction on the addition of any substance jus
value constant.
Effect uf change in pressure or volume .
o The change in pressure or volume is important only for the reversible gaseous reactions
where the number of moles of reactants and products are not equal.
(i) Theoretical study of effect of change of pressure or volume

The increase of pressure or decrease in volume shifts the reaction in direction of [¢5%
number of moles and vice versa.

Lb¢

t to kK

e =

7

By k-

F
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Examples:
(a) 250, +0,,, == 250
| Mo
The INCrease I pressure shifts the above reaction in forward direction and vice versa
(b) PCls == pcl, + )4

The increase in pressure shifis o G _ :
(i) Quantitative study of gI:mE above reaction in backward direction and vice versa.

| of pressure or volume
(a) If volume term is present in the numerator of K, expression, then increasc in pressurc
decreases the volume and reaction will shift in forward direction to increase the value
of x* and 10 keep the value of K constant,

4!
K‘ =———xzi_
. (a-2x)’(bx)

(b) If volume term is present in the denominator of K. expression, then increase in
pressure decreases the volume and reaction will shift in backward direction to
decrease the value of x” and to keep the value of K. constant.

Kem _X___
Vi-x)

Effect of change in Temperature

(i) On Endothermic reactions.

o By increasing the temperature, reaction is favoured in forward direction.

By decrcasing the temperature, reaction is favoured in backward direction.
H,+l, = 2HI AH = +ve

(ii) On Exothermic reactions.

o By decreasing the temperature, reaction is favoured in forward direction.

o By increasing the temperature, reaction is favoured in backward direction.

N,+3H, = 2NH, AH=-ve
Effect of catalyst on Equilibrium Constant

A catalyst docs not affect the equilibrium position and equilibrium constant of the
reaction. It inercases the rates of both forward and backward reactions, as it reduces the

time to attain the equilibnum.
EFFECT OF CONDITIONS ON EQUILIBRIUM CONSTANT

]

Conditions Position of equilibria Equilibrium constant
o o [R]>[P] onreactant side No effect
. o [R]<[P] on product side _
— P:ﬁ-i-“l'ﬂ is m:l'ﬁﬂl-'d =3 O pﬂ.'ldl.ll:l side
o nr>me Pressure is decreased —» on reaclant mlle TR
Porv Fressure is increased = on reaciants side
o ng<np Pressure is decreased —+ on producis side
o ; : 0 KeexT
. e a,“ﬂﬂﬂmtm ot
o Temg ’ favours exothermic for Ic reaction
Temperature | 0 Temperature  decrease o Keee T
. reaction for exothermic reaction
r— 45
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Ll'u: milcal Equillhﬂ um,

Farticulars

Introduction

Mr:ﬂi.:n..

Conditions
Tor maximum

——— — ———

F. Haber prepared i 1933,

Nzt 3l — NIy .'m"-u'z..lnu_

o Re IH-.u..ll |.1I LI TELCRETI .'I"LT l'-l'“l*"

mtervals,

| L% I:l'l o L !iI'I RIS L.

"Hrllllluli ol 50,
I womtie] process S0 1%

||r|.|1l"-|
25( :I'; | U' =

o Continuous supply of O,
o Ingrease in pressure.
o Decrease in temperature,

1"3[-]; #‘I.II Il“_u

production
| |o Decrease n temperature. —
| Catalvst Preces of |r|_1-|1 1,["|. -.|..|.|-i. are 1.|'rh|l|..:||:|¢:l| 1 V(s NO or "t are used as Eul:'r:r".l |
' ’ fused mixture of MpO, Al:Oy and 5102 —
| Favorable P= 200-300atm = latm ,
conditions T 6TIK(A00°C) T= 400-500°C 1 6S0°C,
NOTE: —_—

@ Equilibrnium mixture contains 35% NHj by volume,

©  Ammoma is separated by refrigeration of reaction mixture,
@ 110 million tons ammonia is produced per annum.
S0%s is used in fertilizer.

13% Nitrogen fixation is done by Haber's process.

o o

COMMON IONEFF ECT ‘ =4
The addition of a common ion to the solulion {If a less soluble L]I.‘LIFU] yle suppn.w:: s

wnization and the concentration of unionized spc::cs increases, which may come out as

precipitates.

Common ion effect inereases

(i) Crystallization

{ii) Association of ions

Common ion ellect deercases
(i) lomzaton / dissociation
(ii) solubiliy

Applications

(i) Purification of NaCl

H":_. E— Y A T
. I"‘_Hai-ﬂ'“mj

HCl=H__,+ Cliay

KETS - FREF DOOK

=
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Topic-6 Chemical Equilibrium

— — —

—— —_—

(i) The solubility of a less soluble salp KCIO; in water is suppressed by the addition of a
more soluble salt KCl by common ion effect.

KCIO

TE——19

+ClO,

dag) Mg

KCl,, —= ’;m+c'];m

(iii) Decrease in dissociation of HaS
HSe==20H; +§%
HC] = -t{'l

E'l'

(iv) An addition of NH4Cl in NHsOH solution suppresses the concentration of OH ™' (s

due to the presence of a large excess of NH; from NHCl.

NH,OH,, ==NH,+OH;,

S(aq)

+ClI;

fagk

NH,Cl,,, == NH;

&)

" BUFFER SOLUTIONS .-

The solutions, which resist the change in their pH when a small amount ﬂlf an acid or a
base is added to them, are called buffer solutions.
How Buffer controls the pH?
Buffer action can be explained by kecping in view the coneepts of common ion erfect and
Le-Chatelier’s principle.

CH3COOH + H:0 == CHyCOO, + HiO

CHiCOONapy == CHyC0O0_, +Na

If we go on adding CH;COOMa in CHyCOOH solution, then common ions i.c.

CHCOO™ decreases the ionization of CHyCOOH.

The solution will have less hydrogen ion concentration and high pH value,

If CHyCOOH is in high concentration as compared to CHyCOONa then pH value of

solution will be less.

Greater the concentration of acetic acid as compared to CHyCOONa, lesser will be the

oH of the solution and vice versa. This is shown in table.

47
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Toplc-6 Chemical Equilibriyy,
__'____——______---'-‘-

%o Dissociation

[CICOOH|(mole | |CHWCOO |[(mole
dm) dm™)

0.10 0.00 1.3 2.89
0.10 0.05 0.036 4.44 ]
0.10 0.10 0.018 4.74 ]
0.10 0.15 0.012 4.92

The buffer mentioned above is the large reservoir of CH3COOH and CHyCOO" components,
© Whenever an acid is added to this buffer and *}H*" concentration increases, at this stage
CHyCOO' reacts to form undissociated CH,COOH, So, pH of the buffer will remain
almost same because *H** jons which are added are captured by CH3COO ion and pH
will not vary too much.
o Ifbase is added in this buffer, base will produce OH" ions which combine with H,0* 1o
form neutral compound i.e H20. So, pH will remain almost unchanged.

NOTE: The buffer solution consisting of WNH4Cl and NHsOH _can resist the chanee in pH and

pOH when acid or base is added from outside.
Calculating the pH of Buffer

Henderson’s Equation for Acidic Buffer

pH=pK,+ lug%
Other formations of this equation are
pH=pKa-log %1
pH = pKa -hg[::i]
pH = pKa+ Ing%

Cases:

(i) If[salt] = [acid] then pH = pKa

(ii) If [salt] > [acid] then pH > pKa

(iii)If [salt] < [acid] then pH < pKa
Henderson's Equation for Basic Buffer

_ [Sali]
pOH=pK, + Iﬂg[Base]
Cases:
(i) If[salt] = [base] then pOH = pK,
(ii) If [salt] > [base] then pOH > pK,,
(iii)If [salt] < [base] then pOH < pK,
KETS - FREF BOOK —
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Chemical Equilibrium

The pmdml of l.In. u'-m.crilntmn gl‘ ons rmsﬁl lo an exponent Equﬂl o

E 1OXNIC (Solubility Product)
the co- -:"IEI':II[ of

the balanced equation,
General Expression

A B ==xA™"+yB"

It is only applicable for those substances whose
K=[a"][B"] molar concentrations are less than 0.01M
ipplﬂ!:ltmn; \

Determination of Ksp from solubility -::t‘s::lls
Determination of solubility from Ksp
Prediction of precipitation

Effect of commeon ion on solubility
General Ksp expressions for some salts

AgCly — Ag'ag + Clig Hd.;r:IsEIID-m
Kep = [ag'][cr]

Ksp=s"

PbClayy == Pb™ g +2Clug Kip=1.6x10%
Hsp=[rb='][c1':f
Ksp = 45’

AICL, s==_ AL

ksp=[Ar*][cr]

Ksp = 27s°

Calculate Ksp From Concentrations And Vice Versa

s T = [ = i =

+3CK,

(i)  The solubility of PbFzis 2 x 10 moles / dm’. Its solubility product will be

PbF,,— FPby, 2F_,
2 x10” 2 x 10° 2x2x10?
Ksp =[Pb¥)FF =[2x107)[2x2x 10°F
=32 = 10% =3.2=10"
(i)  The solubility product of Ca(OH)z is 3.6 x 10, Its solubility is
Ca(OH),, — Ca"y, +  20H,
5 s 25
Ksp = [Ca"I[F] = [s) 2s)°
3.6 x 10* = 45’
, _ 36x10"
5 = 2
s =(9x10%"? = 208x10°

Q3 Conc. t in solution in water is 1.2M. it is considered as
onc. Of a sal C. Slightly soluble salt

D. Insoluble salt

A. Less soluble salt
B. Readily soluble salt

49
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Pic:7 ) REACTION KINETICS

“J

COURSE CONTENTS

Rale of reaction
Determination of the rate of a chemical reaction
Factors alfecung rate of reaction
Specific rate constant or velocily constant
Units of rate constam
Order of reaction and s detemunation
Explain the meaning of the ierms activation encrgy and activated complex
; Relate the ideas of activation encrgy and the activated complex to the rate of a reaction

| INTRODUCTION
Reaction kinetics
The studies concemned with rates of chemical reactions and factors that affect the rates of
chermical reactions and the mechamsm of reactions constitute the subject matter of

reaction kinctics
Chemical reactions
The breaking of pre-existing bonds and the formation of new bonds is called chemical
change or chemacal reaction.
U the basis of rate of reaction, chemical reactions can be broadly classified into three types
(i) Very fast reaction (AgNO,+ NaCl— AgCl + NaNQ,)
(i) Very slow reaction (2Fe+ 3H,0+ 0,—— Fe,0,. 3H,0)

(i) Moderaely slow reactions (C,H,0H + CH ,COOH ——H,COOC,H,+ H,0)

The change n concentration of a reactant or a product divided by the time taken for the
change 1s called rate of reaction.
o Change in concentration of the substance

Time taken for the change

Rate of reaction = dwidt
The rate of 2 general resction.

Pate of feacli

A — B can be expressed as

~d[A) _ +41B)

Haic of reaction = - %
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Units of rate of reaction:
The units for rate of reaction are moles dmy
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Example:
For a certain reaction, the concentration of reactant changes from 0.75 mol dm " 10 0 30
mole dm™ in 25 sec then rate of reaction is

Types of reaction rate

Average rate
The ratc of reaction betwoen two specific time intervals is called average rate.

Instantancous rate

The ratc at any ons instant during a specific interval of time 15 callod instantancous rale
Comparison of instantantous and average rabe:

The average rabe and instantanoous rabe are oqual for oaly onc instant in any ime mian
Al the beginning of reaction, the instantaneows rate i hagher than the average rate

Al the end of reaction, the instantaneows rate is less than the averape rate

The average rate will be equal 1o instantanooes rate, when the time intenal approachics 2o

CDETERMINATION OF RATE OF REACTION
Determuination of rate of reaction mvolves the measurement of conoentraiion of reactnts.

Graph i plotied between concentration of reactant and time o get 3 cunve
Sclect any two points in a curve.

Make a night angle tnangle of these points.

Getting the tand of right angle trangle, we shall pet
Change in concontratson of reactat

Chonge i e
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Rate of recaction = de = ﬂl?a = 2.5% 10 mel | du’ | Sec

Ar

Methods lor the determination of rate of a chemical reaction

PPhysical Methods
Techniques Details

Spectrophotometer is used.
Reactants and products absorb ULV, LR radiations

Amount of radiation absorbed give rate of reaction

‘ Spectrometry

|
B Conductometer 1s used
Conductivity depends on the concentration of 1ons in

! Electrical conductivity metho ke siliition.
Conductivity of ions of reactants give rate of reaction

It is applied to the reaction in which volume of solution

T W W e oo

- :
I
| Dilatometric method ,

is changed. _
Volume change of a reaction is proportional to extent
of reaction. ,

» ) » Polarimeter is used ‘
| b Reacting molecules rotates angle of rotation of plane

polarized light _ |
Value of angle of rotation gives information about rate
of reaction

’_ | » Refractometer is used | _ _
b It is applicd to the reaction in which change in

—

||J Optical rotation method

I d refractive indices occurs |
ESERSIE e » Transformation of glucose into alcohol can be analyzed
reparding ratc of reaction through this method |
52
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In chemical method acid 1% Litration 15 wsed to determine the rate of reachon

‘A

|

CTORS AFFECT

ING THE RATE OF REACTION
Details

o More active reactants give fast rate of reaction
o Number of dectrons present in innerment shell affects the ractvaty of
neactanl.
Nature of o Elements of IA are more reactive than T1A.
reactant o Neutralization reactions and decomposition reactions are very [t
o Oxidation reduction reactions are slower.
o lonic reactions are very fast. ,
o Reaction is due to effective collision of reactant molecules.
o Greater concentration of reactants, more effective collisions, thus, rate
of reaction will be high.
Concentration |o Incasc nl'n:a-c_lanl:- In gascs, their concentration is increased by
of reactant increasing Ihnr_pa:_lui pressurcs
o Rateof reaction is directly proportional 1o concentration of reactants
o Somctime concentration of reactamt become double and ratc of reaction
increases four imes.
o Greater the surface arca, greater will be chance of contact of molecules
Surface area o Greater surface arca of melecules, preater will be rate of resction.
o Light travel in the form of photons.
o Photons have encIgy dmding on ﬁ':quq]g-}- ﬂrli_t_;l’ll. i
Light o Li.g]:'i, gii;-r:? the cnergy 10 reactants to form activated complex 1N
minimum Lme. .
o Light increases the rate of reaction. '
) ) J—
o By increasing temperature, Ih:’nwnbr:r of collisions of molecule Incneases j
o Raicofreaction! | :? EE@ I lemperature of reaction. J
T'I]TI crature o ﬂ’l Im;ﬂ-“"g : s h___ —Ll!h:- Ihf'l':.l; Brmm th;'ﬂl"ﬂ".r."'h dnulﬂ I-'d‘ I
P o Amhenius equation: K=Ac” " (it gives us the quantitayy e effiect of l
emperature on rate of reaction. . I
henius equation o
Arrhenius £ = 1
According 10 ﬁﬂiﬂ"izq:ilﬂ

In this equation

_— =

-[. — bkt I EL "F!“_
X srfl:l 1 RAle constant L T e T L
L g

A = Arrhenius constant

B o i o 8 "';:
e T

cion [roquency.
L g collision 7

It solls u:ﬁuﬂ sins the effect of temperature on

o Thii- o ; i '_]E‘l.iﬂ“
1 constant 08 FE=80 _— a

the rate cmam"’“]" clated to activation encrgy and i :
o kis I'!ll“‘n!.i - l-|lli‘ "__' Aol i g g ko

IL'.“\[}LTJ‘“'I" LI —
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©  When a graph s plotted between %un x-axis and log k on y-axis, a straight line is

vbtained with a negative slope. Actually, % has negative sign so the straight line has
twao ends in second and fourth quadrants.

o Slope=——t— unit of slope is Kelvin

"l".“}

© This cquation helps us to determine activation energy of the reaction.
o E,=-5Slope x 2.303R
L'nit of activation cnergy is Joule mole™,
k value hence smaller will be the rate
Rate determining step
When the reaction completes in more than one step, then the slowest step will give the
overall rate of reaction. thus slowest step of such a reaction is called rate determining siep,
Consider the following reaction.
NOupi # COypy —— NOypy + COxpy
The rate equation of this reaction is found to be:
Rate = k[NO:J
This equation shows thal rate of reaction is independent of the concentration of CO. Iy
other words. the equation gives us information that
(i) Reaction takes place in more than one step i.e the mechanism of this reaction is
different than as shown in balanced chemical equation.

(ii) Two molecules of NO: are involved in the rate determining step.
The proposed mechanism for this reaction is as follows.

:"':G_‘.H - Eﬂ':lﬂ L HD!!.]} + ND*]

NOsg + COp —223  NOxy + COxg)
The first step 15 the slowest step and the rate determining step.
Order of reaction is 2™ with respect to NO: but it is independent of CO concentration.
NO: which does not appear in balanced chemical equation is reaction intermediate.
Reaction Intermediate:
A speaies which has emporary existence and it is unstable relative to the reactants and
products and docs not appear in the balanced chemical equation is called reaction
intermedizte.
This 1s 2 specie with normal bonds and may be stable enough to be isolated under special

conditions.

Example:
In above reaction. reaction intermediate.
SPECIFIC RATE CONSTANT OR VELOCITY CONSTANT ™

Definition:
The rate of reaction when the concentrations of the reactants are unity is called specilfic
rate constant of 2 chemical reaction.

Explanation
According to law of mass action for a general chemical reaction

aA +bB——cC +dD i
Rate of reaction =k[A] [Br
Here “k" 1s called specific rate constant or velocity constant for the reaction.

reater is value of activation energy smaller jy

000
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o Let[A]=1mol dm™ and [B] = | mol dm™

Rateof reaction =kxI'x1*=k

o Under the given conditions, k remains constant, but it changes with temperature.
NOTE: Therc is onlv one factor i.c. temperature which affects the specific rate constant
Dil'ftrcntr between rate of reaction :rul rate constant of reaction
Rafc of reaction  °~ o | Hatc consiant of reacfion

» The change in concentration of areactant | » [t is the pmpunmnallw constant, which
or a product divided by the time taken i1s represented by k, in rate equation.
for the change is called rate of reaction. » lts units depend on the order of reaction
» Its unit is mol dm”s’". » It is independent of the concentration of
¢ [t depends upon concentrations of reaclant or products.
reaclants. » It always remains constant under the
» It varies with the passage of time under given conditions.
given conditions. Example:
Example aA + bB —— Product
aAk +bB —— <C+dD Rate
Rate of reaction = k[AP[B]® 'm

UNITS OF RATE CONSTNAT

By using the cxprcsimn
k = (Concentration)'* (time) ', the unit of rate constant for nth order reaction can be determined.

Examples:

(i) For zero order reaction, the units of rate constant k are given by:
Units of k= [cun:mmllmn]"' (time)"!

For zero Order n=0

Units of k = (mole:dm’)' “(s)"!
Unit of k = (mole/dm?)' 5!
k = moles.dm” 5"
(ii) For first order reaction, the units of rate constant are given by:

Units of k = (concentration)' ® (time) ™"
For firstorder n= |
Units of k = (moles'dm’)'' 5!
Units of k = (moles'dm’)’ s
Units of k=s"
(iii) For second order reaction. the units of rate constants k are Eivcn by:
Units of k = (concentration)' ™ {time)
For second order n=2
Units of k = {(mole’dm’)" = (5)"!
Units of k= (mole'dm’y's*
Units of k = moles”' dm’s”
Units of k= dm' moles' 57!
(i¥) For third order reaction, the units of rate constant are given by
Units of k = (concentration)' ™ (tlime)”!
For third ordern = 3
Units of k = (moles ./ dm")' (s)"
Units of k = (mole'dm’)* 5"
Units of k = mole” dm*s"!
Units of k = dm® moles™ s

KETS - PREP BOOK 33

Scanned with CamScann



Reaction Iﬂﬂ“it
i

|
|

Tople-7 _
e ——

' AL FLIFE AND I3 ORDER OF Ru

L ML i : : .

Half-lite and order of reaction arc related to each other as [ollo

(1), o =7

The relationship between the half-life and initial concentration of the reaciap, o

viven below

difTerent order reactions arc 7 = T —
Order I[l-'rn- -l-| LT First o0 ® | = Second - J
Relation I 3 [l. _1s
DA f ), @
- il —

HALF-LIFE PERIOD OF FIRST ORDER REAC [TU_H . _
The time required to convert 50% of the reactants into products is called half-life perigy

Example
(i) Half-life period of N2Oy at 45°C is 24 minutes.
(ii) Half-life period of *U is 7.1>10* or 710 million years.

Important points

o Half-life period of zero order reaction is directly proportional to the initial concentratip
of the reactants.

o Half-life period of first order reaction is independent to the initial concentration of ke
reactants.

e Half-life period of second order reaction is inversely proportional to the initiz
concentration of the reactants.

© Half-life period of third order reaction is inversely proportional to the sqq.iarc of initial
concentration of reactants.
Example:
Half-life of radioactive decay is 1.5 hours. Mass of it remained after 6 hours is
(initial mass of isotope is 64 g)

Number of half-lives = Total llmntﬂ!-:cn
Half-life period

Number of hal f-lives = —210UrS_ _
1.5hours

vkl st

=, B B

Oy I | i iy di
Alter 6 hours (4T:2), the mass remained is 4

Example:

75% of A 1" order reaction was completed in 32Min, when was 50% of the reaction

was completed:
KETS - PREP BOOK 56
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7595 of reaction 15 completed in 2 haf T -

lives,

Therefore,

- ['rl.-: ] =32min

i 32
["Ir:]""—z,-min = |6min

Hence, 50% of the reaction is completed in 16 min.

. OTE: This example shows that half-life of first

The half-life period for the decom

we decompose | mol/dm® of N;0s then after 24 minutes half amount will be decomposed
and 0.5 mol/dm® will be left behind.

- " CALCULATION OF RATE CONSTANT
(i) When rate equation, rate of reaction and concentrations are given

aclion alwavs remains same with

For a reaction A+B —— Products

Rate = k[A][B]
If rate = 1.0 mol dm~s™! and [A] = [B] = 0.05moldm™
Then

Rate =k[A][B]

1.0 =k[0.05][0.05]
——
[0.05][0.05]
k =w=4Mdm"nml"s"
25

(ii) For 1" order reaction t, is 69. 3 seconds, its specific rate constant is

0.693
Fm——
69 ”
k=107
(iii) When Ea and T are given
Ex
‘ A BT
The formulae used are k=Ac
P
KETs _ FREpP BOOKE 57
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Ea |
logk 2300R T i *
fa
Ifvalueof ¢ ™ factoris 1.71x10*and A is 10" Then !
b .
k=Ae ™ .

k=10"x1.71=10"
k=1.71=10"
ORDER OF REACTION-AND ITS DETERMINATION

B — e —

The sum of all the exponents to which the concentrations in the rate equation are raised i
called order of reaction.

OR
The number of reacting molecules, whose concentration alter as a result of the chemicy F

change, is called order of reaction.
aA +bB——P
dx ; |
I'klﬁr (B] |
Order of reaction=a+b
Important points
© The order of a reaction is an experimentally determined quantity and cannot be infemed |
sumply by looking at the reaction equation. -
The sum of the exponents in the rale equation may or may not be the same as inz |
balanced chemical equation. :
The order of reaction provides valuable information about the mechanism of a reaction.
Maumum order of reaction is three
Order of reaction can be zero or can be in fraction
Order of reaction is related with rate equation and is controlled by rate law.
Order of reaction help us 1o determine mechanism of reaction
If the moleculanty and order of reaction is same then it is said to be a simple reaction,
otherwise it is multistep reaction.
The chemical reactions are classified as
Zero order reaction
First order reaction
Second order reaction
Third order reaction
Pseudo first order reaction
Fractional order reaction

o

00000

OO0 O00O0O0

CRITICAL CONCEPT/

o The order of a reaction can be found by comparing the initial rates of two reactants of
knuwn concentration
o Once the urder has been found, the rate constant can be calculated.
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Examples of order of reactions
Zero order reactions
Photochemical reactions are usually zero order
ﬁ{:‘ﬂ, + EHIG_"C;HI:D-; + 60,

First order reaction
2 N0y =——2N,0,+ 0,
Second order reactions
2CH,CHO ——2CH, + 2C0O
NO +0,——NO,+ 0,
Third order reactions
SnCly+ 2FeCly—— SnCls+ 2FeCl2
2NO + Cl; — 2NOCI

CRITICAL THINKING ‘q

Rate constant K for nth order reaction can be determined by
formula

A. K = Rate/ [Reactants) B. K = Rate * [Reactants]
C. K = Rate/ [Reactants]® D. K = Rate = [Reactants)®

Finding the Order of Reaction
Methods to determine the order of reaction
Five methods are available.
(i) Method of hit and trial
(ii) Graphical method
(iii)  Differential method
(iv)  Half-life method
(v) Method of large excess
(vi) Initial rate method
From Half-life:
It is mentioned carlier; half-life of a reaction is inversely proportional to the imitial
concentration of reactants raised to the power one less than the order of reaction.

Therefore, (1,2), = .-1—1'

Let us perform a reaction twice by taking two difTerent initial concentrations *a," and a;
their half-life perieds are found to be 1y and 12 respectively.
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Dividing the two relations:

(|
lq_ﬂl'r_l
, @

Iug%‘- = (n-1)log n—]

Taking ‘log" on both sides

On rearmanging the above equation:

log L]
n=1 '|'—_ll—1i.-
log =
| 8, |
S0, if we know the two initial concentrations and two half-life values we can calculate e
order of reaction (n).
Initial rate method:

The effect of change in concentration on the rate of a chemical reaction can ke
understood from the following gaseous reaction.

2NO,,+2H,—2H,0, g T N,

INO| (moldm™). | [ (meldn ) % “FRale (atm'min™")
0.006 0.001 0.025
0.006 0.002 0.050
0.006 0.003 0.075
0.001 0.009 0.0063
0.002 0.009 0.025
0.003 0.009 0.056

Rate = [H,]
Rate = [NO|*
Rate = K 11, ][ NOJ'

It 15 third order reaction.

ACTIVATION ENERGY AND ACTIVATED.COMPLEX
The mumimum amount of energy, in addition o the average kinetic energy, which i
panticles must have for effective collisions, is called activation encrgy.
Important points

o Reactants go into fransition state before going into product called activated complex.

o Energy of activated complex 1s higher than reactants and products.

o In eflecuve collision, molecules have centain amount of energy and collide in certain
onentation,
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o 1;1.}1. l]];!' L:L::L: "::, Fnu:uux N I‘-'_-“L‘l than reactants, the reacticn is exothermic.
o Whent :: : 5"" ‘ FI'E‘:"_“':“ is higher than reactants, the reaction is endothermic. ,
o Eneriy ofactivation offorward reaction is less than backward reaction for an exothermic

reaction

o Energy of acivation for backward reaction is less than forward reaction for an
endothermic reaction.

Y Y
e itlh:[l’d‘tl_irgelr:
% E .
k - - e . e -
c g 3 Vradurts
= :1
S F Ea Al
&
) . I “Resctants 5
0 Reaction cmrdinate —p {}  HReaction coordinalc —je

{ar Easthermik Reaction [} Essthermic Heactlon
raph between path of reaction and the potential energy of the reaction
The reactants reach the peak of curve to form activated complex. E is the energy of
sctivation and it as potential energy hill between reactants and produets.

¥ e

Colliding molecules which have proper energy will be able to climb up the hill and will

give product. )

@ Colliding molecules whose initial kinetic energy is less than Eu will fail to climb up the
kill fall back chemically unchanged.

Exothermic Reaction: ‘ _
In exothermic reaction, the potential energy of the products is lower than the potential energy

of the reactants. The difference is denoted by AH . The value of AH depends upon the initial

st# (the potential energy of reactants) and final state (the potential energy of prudu-r:ls] It
does not depend upon route of reaction, rate of reaction and activation energy of reaction.
The reactants require energy E, which is equal to the activation energy to get the top of

barriers. Anvhow, products require energy E,, which their activation energy to get to top of

(n

kigher hill to form activated state. This energy is more than Ea, i
Energy of activation for forward step

E, =
E I = Energy of activation for backward step.
d
The magnitude of ﬂ..H is also the difference of these two energies of activation,
L= i gﬂl EI_ _ Ej = aE or ﬁH
| 2

for exothermic reactions the activation energy for forward

= rhis it § at —
From this it is clear th ctivation energy for backward reaction,

mrmctiﬂn 15 less than the 2
) AH is the difference of pﬂlfﬂ_fi
i) AH is also the difference of act

al energies of products and reactants.
ivation energy of reactants and products.

= 61
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Endothermic Reaction:

In endothermic reactions the potent :
energy of the reactants and for such reactions . e .
complete the reaction. In such reactions, the mthﬂll{}' change AH 15 positive since ener
is absorbed in the reaction. For endothermic reversible reaction, the energy of activayy,
for forward reaction is greater than the energy of activation for backward reaction,

Conclusions ] ) .
Energy of activation for forward and backward reactions are different for all reactions

For exothermic reaction, energy of activation for forward reaction is less than the energy |

of activation for backward reaction. .
For endothermic reaction, energy of activation for forward reaction is greater than the

ial encrgy of the products is higher than t_he POlenty
a continuous source of energy is n .

of activation for backward reaction.
ENZYME CATALYSIS.

CNET,

Enzyme catalysis
Enzymes are bio-catalytical proteins, which increase the rate of biochemical reactions,

The substance on which an enzyme can attack is called substrate.
The point through which an enzym.e attacks on substrate called active site.

Each enzyme has its own active site.

Enzymes are highly specific for substrate.
Enzyme and substrate form enzyme-substrate complex, which then breaks into product

and enzyme.
The name of enzyme usually ends on “ase™.

Examples
(i) Urea undergocs hydrolysis into NHy and CO: in the presence of enzyme urease,

which is present in soyabean.
0

Il |
H:N — C — NH: + H;0 28, N, + 00 |

(if) Concentrated sugar solution undergoes hydrolysis into glucose and fructose by an
enzyme called invertase present in yeast,
CuHy0, +H,0 —1, C.H, 0+ C,H,,0,
fructose  glucose
(iii) Glucose can be converted into alcohol by the enzyme zymase present in the yeast.
CeH 1205 — Zimase - 2C:HsOH + 2C0,

yeast

_ Glucose Ethyl alcohol

(iv) Starch can be converted into maltose by the enzyme diastase.
2(CsHiOs)s + nH20 —222% , nC1:HR0)
Starch | Maltose

(v) Maltose can be converted into glucose by the enzyme maltase.
CizHn0u + Ha0 —2= 4 3C4H;:05
Maltose Glucose

00 00O

Qo

iG]
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COURSE CONTENTS

System, Surrounding and State function
Definitions of terms used in thermodynamics

: Standard states and standard enthalpy changes

,  Energy in chemical reactions
: First law of thermodynamics
\ Sign of AH

& Enthalpy of a reaction and its Types
3 Hess's law of constant heat summation

. Bom-Haber cycle

= INTRODUCTION
' Thermochemistry

The study of heat changes during a chemical reaction is called thermochemistry.

Enecrgy

«Ability of a body to do work is called energy SV DR I (YT SR
T}'F:E; if energin:; i Joule (S1 Unit) | J=kgm’s™

@ Kinetic energy (K.E) —Energy due to motion  LCalone I cal = 4.184]
(ii) Potential energy (P.E) —Energy due to position, shape and orientation

CONCEPT OF ENERGY CHANGES DURING CHEMICAL REACTIONS .
Graphical representation of exothermic and endothermic reactions

A Exothermic reaction B Endothermic reaction
n Enengy given off by system A Energy absorbed by system

ity
H H A
H
AH o
| “H-.\.._,; L -
' =P Pa— >
progress of reaction progress of reaction
o _
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Exothermic

Eutluthfr

| Flow of heat enerpy Swstem to surrounding Surrounding 1o system
< | lemperature of Increases Decrea 5::_5-—‘\]
! '-L.":T"“...""-.,!TTQ i
Y | Temperature of the Decreases Increascs
EIET
| 4 | Enerpy of products Low H'igh_-_--_"'"ﬁ
| 2 | Enerpy of reactants High Low _-H-Hﬁl
- |
& | Strength of bonds in Strong Weak
products B
i | Strength of bonds in Weak Strong
meactante
| 8 | Eathalpy change (AH) Negative Positive
.
| | Eombiitig foost o8 r?;ldat.mn f
L EhG=ch :il:a n oIS TRImOL | A+ 180 STk mol
| 9 | Examnles Thermal decomposition
| 1120 ¢+ 60: — 6CO+6H:0
' i = N::utrllllﬂaﬂﬂtl Cul‘:l::]{:i]:;.—t:':ﬂ]:}[; P CO4)
| L issolving
|| NaOH+ HCl—NsCI+H:0 NHICLy—NHLCLy,

Svitem

SURROUNDING AND STATE FUNCTION

“The portion of universe which is set aside for consideration, observation, discussion,
argumentation or experimentation is called system™

OR

“The substance under consideration is called chemical system"

Examples:
(i) Po(0s): under consideration is a system.
(ii)  The liguid whose boiling point is 1o be measured is a system.
Real (loen
Svitem Closed
Imarinary Tsolated
Isolated System
If 2 system is isolated, then nothing can enter or leave. lis energy and matter remain the
same. Any change goes on inside the system, and it remains isolated, we cannot knew
enything about an isolated system from the outside.
KETS - PREF BOOK e
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i
Open yale i

ih mati
When both matter and energy can be exchanged, 1 called open sysiem, when matter I8

added In this case the system s UPen system For example, when we perform titration
( ',n;d Syalom
In closad svstem enery can be exchanged but matter
cannol evchangad between system and surrounding. |
the svstem 15 called closed A bomb calorimeter only —
allows heat 1o be exchanged. Such a systern it X
called closad G R 4
syrrounding ' _—
The portion of universe exeepl system is called (—/‘5
surrounding. :
Example:

A chemical reaction happening in a conical flask is a system, while the walls of the
conical flask and the atmosphere are its surrounding.
Roundary
The real or imaginary surface, separating the system from surrounding 15 called boundary
of a svstem.
State
The condition of a system is called state of the system.
Examples:
Volume, Temperature, Pressure, Energy etc.

| Conditions describing the system before it undergoes a change are I Vi ToPLE;
| called initial states of system. - T

-

| Conditions describing the system afier it undergoes a change a.n:‘ S
| called final states of system. 2. T2.PaEs

Change in the state of system
AV =V, -V, (Change in volume)

AP=P,—P, (Change in pressure)
AG =G, -G, (Change in free energy)
AH = H, =H, (Change n enthalpy)
AT =T,-T, (Change in temperature)
AE =E,-E, (Change in intemal energy)
AS=§,-5, (Changeinentropy)
Sate function
A macroscopic property
states, and is independent

ol a 5}'5IL"HI. which has some delimite values for minal and final
of the path adopted to bnng about a change
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— Chemlical React|
—uit B_________Ecrmu-ch:mhtrr and energetics of ___[Ef_
Examples: =

L]

o

(=]
(=]

(=]

Pressure (P), Temperature (T), Volume (V), Internal energy (E) and enthalpy (H) are 5

Hate functions.

Capital symbols are used for state function.

Heat and work are not state functions.

Entropy and Gibh's free energy is also a slalc function.

The average amount of encrgy required to break all bonds of a particular lype in one mop
of the substance 15 called bond energy.
t'ml of bond energy i1s kl/mole.
“actors afTecting bond energy
The bond uml:r!_-:}'ﬂis the mcnsugr}n of the strength of bond. The strength of a bond depends
upon the following factors.
(i Electronegativity difference of bonded atoms
(i) Si1zes of the aloms
(iti)y  Bond length
Applications of bond energy
Relative strength of bonds
® o of ionic character in bond
Estimation of AH

ﬂHmm=ﬂHlﬂ-ﬁﬂm

Average bond energies

(=]

=]
=

During a chemical reaction, the bonds in the reactants are broken. This is an endothermic
process; energy is required to do this.

After the bonds have been broken, however, the bonds in the products are formed.

This is an exothermic process; energy is released when this happens.

The enthalpy change for a chemical reaction can be deduced from consideration of the
energy required to break bonds in the reactants and the energy released when the bonds in
the products are formed. It can be calculated from the following equation:

AH = Energy required to break bonds in reactants - Energy released to make bonds in products

This method can be used to calculate the enthalpy changes for any reaction which does
not invelve ionic bonds.

The breaking and making of ionic bonds involve a more complicated sequence of
energetic processes and thus cannot be considered in this way.

INTERNAL ENERGY AND FIRST LAW OF THERMODYNAMICS

INTERNAL ENERGY
“The sum of potential energy and kinetic energy of a substance is called its intemal
energy.”

OR
“The sum of all the possible kinds of energies of a system is called its internal energy
[E]_I‘I‘
Er=K.E+PE+.........
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CRITICAL cONCEPT/!

Py ol an clement is zero,
than bond broken, then reaction will be exothermic
than bond broken, then reaction will be endothermic

« By defimtion standard enihya)
o Ifbond formed is stronger
Ifbond formed is weaker

[mﬂ energy is comprised of
kinctic energy

i

" Translanonal Kinetic energy  (a) (mono-atomic) o o N0

» Vibrational Kinetic encrgy (b (di-atomie) [s) u‘*-. e

. Rotational kinetic energy  (c) (tetra-atomic) 4 e

. Potential energy . v '
v  Intra-molecular forces

% Inter-molecular forces

o Effect of increase in Internal Energy:

(i) The temperature of the system may increase
(i) A phase change may occur.
(iii) A chemical reaction may take place.

FIRST LAW OF THERMODYNAMICS

(Law of conservation of energy)

“Energy can neither be created nor be destroyed, but can be changed from one form to

another.”
AE =g+ PAV
AE =gy

Which of the following element has non-zero enthalpy?

A, Nag C. Hgm

B. Brag) D. Clag

Reaction giving most stable product is

A. 2Hzg + Oup — 2H20y) AH = -285.5k]/mol
B. C(s) + Ozp CO2e) AH = -393.5k)/mol
C. PClsip) PClyg) + Clug AH = +84.2kJ/mol
AH = -46.23k)/mol

D. Naig) + 3Haip) 2NHue)

KETS - PREF BOOK < i
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rgetics of Chemical Rueu%
—_—— %

' '+, Positive .
initl | Symbaol | Lo
Ielinition | S) =

The enthalpy c:l_gc which occurs when the certain
number of moles of reactants as indicated by the Ma
Enthalpy of | balanced chemical equation react together AH® : ?'l:u,-
, . ' posilive op
reaction completely to give the products under standard S
e CEalive
condition.
2Hx o+ Oy — 2H:0pn AH® =.285.8kJmol”
The change “of enthalpy when onc mole of the May l:._;‘"
Enlhi.lp.}' of compound is formed from atoms of its elements. AH; | positive g
formation | .+ Oxg — COxg AH'=-393.TkJmol” negative
The i;l'lilj.ﬁlpj" change when one mole of gaseous T
Enthalpy of |atoms are formed from a molecule or an clement i Always
atomization | under standard conditions. = positive
12Hxg — Hyg AH®, =-218kJmol”
The amount of heat evolved when one mole of B
hydrogen ions H" from an acid react with one mole
Enthalpy of of ydionido iom (OH) fiom & Tese o form ome . Always
il mole of water. AH, el
Example: The enthalpy of neutralization of sodium
hydroxide by hydrochloric acid is =57.4kJmol!
NaOH + HCl = NaCl + H:0 AH. = -57 4kJmol”
The enthalpy change when one mole of a substance | o
15 completely bumt in excess of oxygen under
Enthalpj' OF | sandard soadzizans AH' Always
combustion C2HsOH 1y+302~+2C0x#+3H:000) ) negative
¢ =-1368kImol”
The amount of heat absorbed or evolved when one mole
of a substance is dissolved in so much solvent that further May be
Enthalpy of | dilution results in no detectable heat change. AH., | negativeor
solution NH,Cl,,,+(2q) = NH,Cl ' positive
AH®,,=+16.2kJmol”
NOTE: (i) AH, = -57.4 KJ / mole (maximum for strong acids and bases)
(ii) AHa > -57.4 (not possible)
(i) AH. < -57.4 (when one of the acid or base is stronger and other is weaker)
68

KETS - PREP BOOK

_ P

Scanned with CamScann



F e

. : .'"il’.l'lli."hl..l?.'hlll]?i FIOMN
There are two basic methods 1o measure the enthalpy of reactions
(iy Glass Calorimeter (AN, and AHL)

(iiy Bomb Calorimeter (All, of food and fucl) - 1

o Theoretical methods for caleulation ol enthalpy of reaction w !
indirectly e
(i) Hess's Law for constant heat summation ;

(ii) Bom-Haber's cyele

Caoimon weood

By glass calorimeter

o Glass calorimeter is used to measure the enthalpy of solution and enthalpy of neutralization.
o By using following relationship, heat of reaction is caleulated.

q=mxsxAT

Where,

m = mass of reactant, Units = ‘g’ or *Kg' Tasmanatt o] =

s = specific heat capacity of reacting mixture, —

Units = JK g™ e r

AT = change in temperature, Units = K ~
NOTE: In glass chlorimeter, pressure remains comstant. At ~ ap =

constant pressure q = AH Hence AH can be determined - ey

by using the formula AH=msAT, where “'s” is specific heat

of reacting mixture

By bomb calorimeter
o Bomb calorimeter is used to measure enthalpy of combustion and enthalpy of reaction.
o By using following relationship, heat of reaction is calculated.

q=CxAT
Where,
C = Heat capacity, Units = kIK™ atean -1
AT = change in temperature, Units = K

NOTE: Volume remains constant in bomb calorimeter.

HESS'S LAW TO CONSTRUCT SIM PLE ENERGY CYCLES
(i) Determining enthalpy changes that cannot be found by direct experiment

Hess's law of constant heat summation i
Energy contents of a reaction remain constant whether A > D
reaction takes place in single step or many steps. i P
AH = AH) + AH: + AH | _ M{,V
The sum of enthalpy changes in a cyclic process is zero. i r
EfﬂH}ﬂ}"-ﬂ]E =() B — -+
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Topic-8 and energetics of Chemical Reactjq,
—_— Thtrmuchemiitl'? — — —“_"':"‘-'--....:

Example:
If the enthalpy of combustion for graphite to form €Oz and enthalpy of combustio of

CO to form COs arc known, then by using Hess's law we can determine the enthalpy o

formation of CO.
Consider the following cycle.

Cant Oy ——C0,, BH (0, o grpping =393 kJmol” |

COy + ‘;'ﬂ:[,] — COup AH: (ke co, fromco) = - 283 kJ mol”! |

B g %ml —C0,, AH, (CO)=? |

I

From cycle, it is clear that *
AH = AH, + AH» |

AH, = AH - AH; |

=393, 7 -(-283) |

AH; =-110.7 kJ mol *!
So, the enthalpy change for the formation of COyg is -110 kimol -
Using Hess’s law for numerical problems
Sample problem: If the heats of combustion of CHas, Hz and CaHg are -337.2, -68.3 and
—372.8 k calories respectively, then calculate the heat of the following reaction. ,
C:Hzg) + 2Hag —— CaHagy :
Given information: :

z 5
i) CoH,  +=0, —2C0,, . +H = .317, -}

) H,, . +50,  ——H.O =
i) 2fg) }5 2{3} 2% AH= -68.3 kcal
ii) CpHg ) +}£ﬂ2[g} 200, ) +3H,0(,)  AH= 3728 kaal
Required:
Heat of the following reaction?

C,H +2H —s C,H =}

272(g) T 2g) T 27 6(g) ik
KETS - PREF BOOK 70
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sopic-8 Thermochemjgg

Golution:

'Y and energetics of Chemical Reactions

m_

yultiply equation i) by *2* ang add (i) and (i)

5
c,H, *EUEEH}-—-iICD., +H,0

g &) 2(g) All= -337.2 keal
¥ "n'q. m—h :I-H
'"1151 &) 3ﬁ{=} Al =683 = 2 =] 366keal
7
JHy +=05 +2H,  —
Mg "2 e T ) zc?’:m P Al =473.8 keal
gubtract eq (iii) from above

—

7
Clleg "2 g j'5'5'1'{31 e

AH=-3T2.8 keal

C,H,
181 Hg)
gORN-HABER CYCLE OF NaCl

* zulm ——C, i

AH =101 keal mel”

(Including ionization energy and electron affinity)

Born-Haber cycle

Energy change in cyclic process is always zero. It enables us to calculate the lattice
energy of binary compounds (ionic); this is called Born-Haber cycle.

Ma* (g) + e+ Cl (g)
AHy, of Clz{g) ‘ + 121 kJ mol*' (Bond dnsociaton

gy C3)

Na* (g) + & + ¥ Cl, (g)

AH, of CI' {g)= -349 kJ mal

Na* {g) + Cl

Na(g) + ¥ Cly(g)

o

r

(Electron afnity of CI)

k

AH, of Na (g) T + 496 kJ mol" (LE. of Ma)

(9) (reactarns)

Ma(s)+ % C

AH,, of Na (s) t + 108 kJ Mol preat of sworizstion of a)

AH of Na*Cl(s) 7

AH, of Na* CI ‘ts]nw k. mnl: o s s
2 {Final Product]
AHun = AHr- AHx
AH, =4H ﬂﬂ_]+ﬂHmM+ﬂanﬂ+&H“m}

AH =108 + 496 + 121 - 349
AH, =376 Ir_h'm:nl'l

AHS. =AH?-AH, =-41 1-376 =

L]
1

-787 kJ mol™!

g/
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ToPic-9 ) ELECTROCHEMISTRY

———— e
[ o  COURSE GONTE N TS SRR GBS 23 |

. Oxidation number or state
. Explanation of electrolysis (Predict the product)
. Electrode potential (SHE and Cell Potential)

. Balancing of redox equations by ion-electron method

. Balancing of redox equations by oxidation number change method
. Electrochemical series (ECS)

INTRODUCTION

Electrochemistry
It is the branch of chemistry which is concemed with the inter-conversion of chemical

energy and electrical energy.
© Electrical energy is converted into chemical energy through electrolytic cells.

© Chemical energy is converted into electrical energy through galvanic or voltaic cells.

‘Onxidation ‘Reduction

Gain of oxygen Loss of oxygen

Loss of hydrogen Gain of hydrogen

Loss of electrons including anode reactions Gain of electrons including cathode reactions |
Increase in oxidation state Decrease in oxidation state .
Zn—=ZIn™+2e¢ Cu® +2¢” = Cu

OXIDATION NUMBERS OF.ELEMENTS
Apparent charge on an atom of an element in a molecule or an ion is called oxidation
number. It may be positive or negative or zero.

CRITICAL CONCEPT!
Example: K:Cr:On NaBrO;

(+1)2 +2Cr-2(7) =0 1+Br+(-2)}(3)=0
+2+2Cr-14=0 1+Br-6=10
Wr=+14-2=+12 Br-5=10

Cr=+6 Br=+3%

Oxidation number of 1A group = (+1)
Oxidation number of II-A group = (+2)
Oxidation number of lll-A group  =(+3)
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o Molecular fomy,

Element | o gy chunk Hz, Ss 0
| e CI.ITHIEI“_ Eﬂn]puunﬂ-—h_ Eiﬂmﬂrﬂl IC} 0
P Molecular / Bk ! chunk Molecular

o Loss, ;}:;T;T:;Eﬂ"'”ﬂ“‘ HCl  (+1)+ (-1)=0

o More clﬂtlmu:F- SIS =+ve | Bulk / chunk

rfﬂmpaunﬂ o Algebraic sum E.;l[:v? dﬂﬂji-liictal =-ye |8iQ0; [+4+2(-2)]=0

| X . _

' lonic compound ilon maibars =0

F Metal - Non- Metal
Melal = 4yp

Ionic compound
MNaCl (+1)3+(-1)=0

j Non-metal = —ve
- M&'ﬂll:l'ﬂiﬂ sum of oxidation numbers = 0
hlﬂnc."ﬂlﬂmlt ion Mono-atomic jon
¥ Oxidation number will be equal to the charge | CI7' = -]
- on the ion.
Poly-atomic ion Poly-atomic ion
¥ The algebraic sum of oxidation number is | SOs2 = +6+[-2(4)] = -2
equal to charge on that ion,
il lonic compound Tonic compound
- ¥ Always —ve oxidation number NaH +1)H-1)=0
Hydrogen Covalent compound Covalent compound
» Always +ve oxidation number H:0  [+1{)]+H-2)=0
With all elements
p =2 oxidation number{normal oxides) H:O -1(2)-2=0
A » ~1 oxidation number(per oxides) H:0: =(+1)2H-1)2= 0
YE » —1/2 oxidation state (super oxides) KO: [+14+2(-1/2)]=0
With Fluorine
» + 2 oxidation state OF2 _ [+242(-1)]=0

CRITICAL THINKING 'J

| Q.1 Oxidation number of which element is always negative

A. Fluorine C. Chlorine

- B. Bromine D. Oxygen e < .
0.2 In which of the following compounds oxidation number of “S™ is in fraction

A. H2504 C. 502
E. H»S D. NaaS40s

e e g

REDOX REACTION _
Oxidation and reduction always takes place together. There can be no oxidation without

reduction and vice versa. This combined process is called Redox Reaction,

Redox process in terms of electron transfer or change in oxidation number explained in
following example.  Zns ¥ CuSOsiaqg — ZnS0uag) + Cuysy

: T - Cuiagy —— Zn* g+ C
Its ionic equation is £ Cu™tag) (aq) ¥ L)

s
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: ‘ ‘Reduction _

- . * L2 = Cu
i o In=in” +2¢ @ v ——
- - jon has accepted two clectrong
! o Zinc atom has lost two electrons o Copper |
r : g 0 le Oxidation state of Copper has dmm |
.l o lﬂ.\:ninlmn state of Zinc has increased from from +2 10 0.
L : educed to copper |
' _ 5 Copper ion has been reduced 1o copper |
J o Zinc atom has been oxidized to Zinc 100 atom
| = ion clectrons from Zn atom
> Znsom e o doctom o e ol [© g ondie Za om0 Cuicnactas |
! per i ‘ ucing : :
reduce copper ion 50 Zn atom acl as B e sdizing agent (Oxi dant).

‘ agent ;Ruiucmnl.!. m—
- (NS

BALANCING OF REDOM EQUAT
o Example: (Acidic medium)

BY ION:ELECTRON METHOD

nO,” —Cl, + Mn**

Given equation ClIr+M
Balanced equation  |[10CI'+1 6H' +2MnO, — 5CI, + 2Mn* +8H,0

o Example: (Basic medium) |
Given eguation MnO, o + C,0. wut H,0———MnOy,, + CO,,+ OH
Balanced equation [3C,0;" +4H;0+2MnO, ——6C0, +2Mn0, +80H"

R METHOD

OXIDATION NUMBE

"BALANCING OF REDOX EQUATION BY'
The steps involved can be memorized by following sequence

» Skeleton equation

» Identification of elements whose O.N changed

» Indication of number of electrons gained or lost

» Equating the increase or decrease in oxidation number — use suitable multiplier
» Balancing the rest of equation —by inspection method
Balance the following equation by oxidation number method.

o
K,Cr,0, + HCl———KCl + CrCl, + Cl,+ H,0
K,Cr,0, + 14HCl—— 2KCl + 2CrCl, + 3Cl, + 7TH,0
o Balance the following equation by oxidation number method.
P + HNOs + H:0 = HiPO4+NO
3P + SHNO; +H:0 = 3H3PO4 + SNO
3P + SHNO; + 2H20 — 3H)POy + SNO 5
Electrolytic Conduction: |
Conduction is of two types.
] Electrolytic conduction
(ii)  Electronic or metallic conduction
—
KETS - PREPF BOOK
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1 ——_E“
ralvtic Conduction:

. The conduction i

| which CUTent is carried b
is solution or in fused stae js called -

» Chemical uhnl}g-: takes place in it
» Iincreases with increase in tfemperature

Flectronic Conduction or Metallic Conduction:

o The conduction of Clectricity due 10 free movement of electrons In the metallic

lattice is .mﬂrd tlectronic conduction or metallic conduction.
o Nochemical change takes place in i,

o It decrcases with increase in temperature,
lonization:
The process of splitting of ionic compounds into charged particles when fused or
dissolved in water is called ionization,
Electrolysis:
The process in which non — spontancous reaction takes place at the expense of electricity
is called electrolysis. B -
: EXPLANATION OF ELECTROLYSIS _
The process of electrolysis is carried out by using aqueous solution of salts or molten salts.
(a)  Electrolysis of Fused Salts
Reaction at cathode: |
When fused salts are electrolyzed, the metal ions called cations carrying positive charge
move towards cathode. Cathode provides electrons to them and they get reduced.

Example: - |
In the case of fused PbCla, Pb*? ions being positively charged move toward

gain electrons.

y positively and negatively charged ions
electrolytic conductlion.

_

g cathode and

Pbyj +2¢" ——Pby, (reduction)

i) Reaction at Anode:
The anions move towards anode

Example: .
In case of PbCly, CI ions being

electrons.

and they lose their electrons at anode and get oxidized.

negatively charged move towards anode and lose

2l y Clyg+ 26 (oxidation) o 1
Similarly, for fused NaCl and fused PbBrz, electrolytes arc decomposed during electrolysis.

Na and Pb are produced at cathode while Clzand Brz gases are formed at anode,

i Tons ; — :
tli) Flow of Electrons al"!- Ivtic conduction 1n the| Current is conducted by electrons .
In the fused salt there 15 '3!'3‘:"'“ y ction in the extemnal | outside the cell in the external :
cell while there is electronic condu - circuit from anode 1o cathode,
circui |l ions mMOVE towards an Current is conducted by ions inside
C:Iiaﬂ. " mlE c?ﬁizud or reduced respectively. Thf the cell from cathode to anode.
e to get ox - ternal circult
flow of electrons takes place through ex!

from anode to cathode.

-""J-l—‘
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(b) Electrolysis of Aqueous Solutions of Salts

H,0+H,0—— H,0;, +OH;, PbBrywien | Py | Bry,
i) Reaction at Cathode: NaClimohien) HE{:}I E]-I-'!L,.
H30" ions being positively charged move tnwunir; MNaCliag) Ha Cly,
cathode and get reduced in competition of Na CuCloas Cuiss Cli‘lu..,
ions, . CuS0uiag) Cugs) Oy
H,0™"+le — H,0,+H,, (reduction) KNOsjag Hag) | Oy |
Similarly, one more hydrogen atom is formed. Then NaOHay) Hap | e |
both hydrogen atoms react to form hydrogen gas. H28O0u.q) Haipy DJUL
H +H  ——H
(e) " ig) ) - o "t
wy_ ¢ : . The concen of 10 o
Hz gas is evolved at cathode. Na'' ion will remain as m;ﬁ;’-::;j”;;ﬂ:z:l: ‘h"-'llll:'.rl 'll::l:‘i-l: are |
such at cathode and does not get reduced because discharged, more arc fonmed by
H*! jon has greater tendency to gain electrons, dissociation of water molecules 1o
ii) Reaction at anode: give continuous supply of Hy(y,
At anode, both nitrate and hydroxide ions are

The clectrolysis of aqueous solutions of E‘-Iﬂlsl
complicated. The reason is that water molecule
why products of electrolysis of aqucous sol
Example:

is not so simple and is SOMew,
are oxidized as well as reduced thy, .
utions of salts are not precisely predictable

Let us take the example of aqueous solutions of NaNOs. It dissociates in waler as follows:

NaNO, = Na*'+NO}
Water molecules also get ionized

" Elccirolyvte

“LCathode

present. Hydroxide ions are easier to discharge than
nitrate ions. Nitrate ions will remain in the solution whi
(OH" — OH+¢) x4

le the electrode reaction is as follow.
{oxidation)

The OH groups decompose to give oxygen and water molecules.

40H —— 02+ 2H-0

So, oxygen gas is obtained at anode. Na*' ions and NOj ions will remain in the solution
Expected order of discharge of ions may also depend
with greater tendency to discharge has
tendency to discharge itself then jon wit
Ease of discharging of anions:

507 <NO;' <CI" <Br' <1 < OH-!

STANDARD ELECTRO DE(REDOXYPOTENTIAL & =
STANDARD ELECTRODE POTENTIAL

upon their concentration. If an ion
low concentration in companson to ion which has less
h greater'concentration may get discharged,

The potential sctup when an electrode

1S in contact with one

molar solution of its own

ions at 298K is known as standard

clectrode potential. [t is
When Zn rod
rod will bear
greater tendency of Zn atom to Jose electrons. The
charge on the Zn rod will attract an
charged zinc ions around the rod to
layer as shown in fi Bure,

Equilibrium can be represented as

represented as E°,

i5 dipped in the solution of jts own ions, then Zn
an accumulation of negative charge. This is due to

atmosphere of positively
form an electrical double

negative

Equilibrium between #7

and its ions in seluned

E“{H —_— Ell*:::.qy""zﬂ'

EETS.
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W . Electrochemlistry
Electrode potential, of any element —
¢ hydrogen clectrode (SHE), » €an be calculated by comparing it with standard

Types of standard electrode potentiajs
There are two type of standard electrod _
(i) Standard oxidation potential € potentials

. B> Zn"+2¢ B =+076V
(ii) Standard reduction potential

. . ATANDARD HYDROGEN ELECTRODE
Standard hydrogen electrode (SHE)

SHE consists of T=2tig
o Glass Tube filled with Hz gas at 1 atm pressure Pi-foil, 4 \
coated with finally divided platinum black is suspended in Y e ;‘E‘ﬁw ”
it. o
o The whole system mentioned above is dipped in IM = e
solution of HCI Y B |-t
o Electrode Potential of SHE is arbitrarily considered as zero < ¥ e
Electrode potential, of any clement, can be calculated by L..._______,_,_- —

comparing it with standard hydrogen clectrode (SHE). SHE
Reactions that take place in the SHE are
Hagasy — 2H'ag+2¢”  Oxidation E_ =00V
2H oy + 26" — Hagas Reduction E;n,= 0.0V
Under standard conditions the e.m.f of S.H.E is defined to be arbitrarily zero volis as its
oxidation potential is equal to reduction potential.
So By =0.000V
STANDARD CELL POTENETIAL

CRITICAL CONCEPT.

In disproportionation reaction, one part of a
substance is oxidized and other part is reduced.

Electrochemical cells
The cells consisting of electrodes
dipped into an clectrolyte which make
the inter-conversion of clectrical

energy and chemical energy

possible are called electrochemical cells.
Types of electrochemical cells

(1) Electrolytic cell

(ii) Voltaic or galvanic cell

Q3 Which of the following will deposite at E“E:*d"ﬂ"f- electrolysis of CuSOuuq

A H:
B. Os | D SOq
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L-cf rolviic Cell =

Vultaie/Galvanic Cell
A cell in which redox reaction generates
electric current through chemical reaction 15

A cell in which a redox reaction occurs g the
expense of clectrical energy is called

‘ ic cell.
called voltaic or g i . electrolytic cel
T r galvanic cell  node is +vely charged —
€15 —vely charged. - . e —_—
Cathode is +vely charged. Cathode is —vely charg |

Chemical energy — electrical energy

Electrical energy —— chemical energy

Reduction reaction and oxidation reaction
@ccur in the separate compartment.

Both reduction reaction and oxidation I
reaction occur in the same compartment,

| potential.

Spontancous redox reaction occurs. Non-spontaneous redox reaction nﬁcum,:
Salt I:lrjdEE 15 used, Salt bridge is not used. : =
Used for the measurement of electrode Used for the extraction of metals,

It generates heat (exothermic)
Cathcds
*e-

Lo
ol m\;ﬂ ="

purification, electroplating and anodizing,
It consumes heageqduﬂimni:j

B e b e m ARy PR

Daniel's cell, Ni-Cd cell, fuel cell

Welson's Cell and Down's Cel|

Voltaic or galvanic cell

Two half cells are present in voltaic cell

Left half cell (Oxidation half-cell)

Zn - electrode is dipped in 1M solution of ZnS0y

Right half cell (Reduction half-cell)

Cu — electrode is dipped in 1M solution of CuS0y

Salt bridge

It is aqueous solution of KCl in a gel
Working

o Connect both the half cells electrolytically through the salt bridge

o

Close the external circuit by connecting the Zn and Cu electrodes,

© The electrons will flow from Zn to Cu through external circuit, The following reactions

will occur at respective electrodes,
Al anode

£ngs) —— Zn* gy + 2¢ Oxidation

At cathode

Cutiug + 2¢ —— Cuyy Reduction
o The voltaic cell reaction is represented by

o emfof the cell

Zigg | Zn*(uq) IM || Cu gy IM / Cuyy

E'=1.10V

78
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o Electrochemistry
Function of salt bridge ——
o Saltbridge acts as a passage for the tra

el halfcell, nsfer of negative ions (S04%) from right half-cell
o IMthe exchange of SO jons is

stopped, then the oxidation- i @ <

reduction reaction will stop due 1o S o i
charge accumulation in both half i 3
- — i
Replacing the extemal circuit by a mﬁﬁﬁh " ‘E
source of high voltage can reverse - g-
the voltaic cell reactions. Such 2050 o --g

cell 15 called reversible cell.
CALC ULATION OF STANDARD CELL POTENETIAL

o Electrode having higher position in series will act as an anode, oxidation will take place
on it
o Electrode having lower position in series, will act as cathode, reduction will take place on it.
For example in CU:L + Zns — Cu+ h;:‘
Zn is at higher position in series so act as anode and oxidation will take place on it and
Cu is at lower position in series so act as cathode and reduction will take place on it.
Standard Reduction potential of Cu
Cu™ +2¢” = Cu E®ra=+0.34 Volis
Standard Reduction potential of Zn
Zn*? + 2¢ —— Zn E*a=-0.76 Volis
Standard Oxidation potential of Zn
Zn = Zn** +2¢ Ei=+0.76 Volts
E%c1 = E%oni + Era
E®cn = 40.76 + (+0.34)
E®.n = 1.10 Volts
Cull, +Zngg — Cu* Zng, Efean = 1.10 Volts

Standard cell potential of Zn-Cu cell is 1.10 volts.

USES OF STANDARD CELL POTENTI )

()  Explain/deduce the direction of electron flow in the tl_trrn:l n{mi;
" In voltaic cell electrons travel from oxidation half-cell to reduction half-cell extemally
' . o on of electrons is from anode to cathode.

. uﬁ,:,:?:c ;fnu:::mgff;rﬁ; 71 to Cu through external circuit. The following reactions

will occur at respective electrodes.
Al anode sy — Zn!'l.“ + 2¢” oxidation

Al cathode Cul' g + 26 —C9) Reduction

KETS - PREP DOOK
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L Predictio he tlon
n of the feasibility of a chemical reac . the reae
I the sum of 1° values of the two half-cell reaction 18 POINIVE, the reaction s
(spootancous) and of 11 10 negative then the reach

r"-ll.:'l-l_
' | “'" i Im I-‘L"-.'Hll'ﬂf ™.

t;‘l"r'lll."lﬂl.'ﬁ'l-l“.'i
' : 3 e 0y
i_u.‘;. ' o s (o ? f“"“ et = | | olis

- Violtang ool conust of tao half cells
"H' L1 T L] meavure (he ll‘!l‘lllihﬂ f‘“'l "llt 1'“'_'““"1 ﬂl "“"-.h
Concerned electrinde 18 joined with SHE and form a voltaic cell

o

©  Salt badge 18 usad to connect both cells, filled with solution of KCI

©  Voltmeter 1s attached to measure clectrode potential

@ Oudation or reduction reaction eccurs al SHE depending on the nature of the COncemed
cloctrade

© When reduction occurs on SHE, volimeter reading Sanes EﬂHﬂE@
will be <y An clectrode potennal s M2t

finding the emfl of a cell COMPOted o4
electrode and a standard electrode. 'i':
SHE which has E = 0, or the .
clectrode.

:”‘|q1 & 3 H:"u.l.l

© When onsdation occurs on SHE then voltmeter
reading wall be in =ve
"I:'_I]'H —f :I"I-qql +2E-

SHE act as cathade when connected with Zn.Potential
of Zn 1s called onadation potential that is +0.76V
so 118 reducton potential is —0.76. SHE acts as anode when
connected with Cu. Potential of Cu is called reduction
potental that 15 =0.326V s0 its oxidation potential is -0.34

| Hl.'ducliu_:-n potential of Reduction potential of
Cu s +0.34V Inis 0.76V

1L s 1IN Luhia, i fesOy D 1w mcn

Id-.'!'[' T=j%

04 Ii‘.ru-r.inn hﬂ_nn-n which two substances is not leasibile
E ;:'du;‘_-.:;:.* ;’n C. S0y + Cy
. n 1. 20C1 + Cy

KETS - PREP BOOK )
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when clements a

it 11 E ELECT
Fe amanged in the grg

Electrochemistry
- ———

ROCHEMICAL SERIES , of
cr of their increasing standard reduction potentials

on the hydrogen scale, the resulting list is known as electrochemical serics.
'ﬂ“‘t“t EH I i — s —— =
l ’ o Standard Reduction Potential
- T T __E) e
| [;i Li'+e=s 13
: K K+e=2k -3-.['45_
- Ce'+2c>ca 4 2925
: Ka Na +e=MNa 'g'ﬁd
: Mg ] Mg" +2¢ Mg e
‘ 8 "+ 3¢ 5 237
Al )3 A s3esal |3 e
oo FE mexen fE 76
A 1 | C+3e»Cr E|a 074
LR | Fe'+2cFe 2 2 044
; Cd A Ci"+2>Cd §|& e
Ni & : Ni"+2-Ni § 4 -ﬂ-ﬁ
' Sn 3|2 Sn"+2—5n £ - i
| Pb E = Po"+2¢2Pb 3 E’ -nlzﬁ
H, z E: IH' + 2¢ = H, §. [y ﬂ'-él'.ﬂ
== I . o™ i
- Cu =ls Cu"+2¢=2Cu |2
' = -5 s 3 +0.34
! Cu 2 Cu +¢=Cu 3 i
| ® h FA=a +0535
i Fe Fti +3e—>Fe L0771
| & 7 Ag +o=rAg +0.794
g He Hg™ +2¢ -I*HE-_ 0,585
i Br, Br, + 2¢ = 2Br +108
: Cl, Cl, +2e=>2C1 +1.360
; Au Au” +Je—=Au +1.50
] F, F.+ 2e=>2F 2587

" Little (Li), Kinza

Elephant (Al), Zebras (Z
Nickel (Ni), Tin (Sn)

Cute (Cu*?) Cute
Hyderabadi (Hg:
Finland (Fz)

EASY TO RECALL ECS

(K), Can (Ca), Send (Na), Monkey (Mg),
n), Crows (Cr), In (Fe*?), Cubic (Co),

Lead (Pb), Hut (H:)
Imported (12), Iron (Fe*?), Silver (Ag),
ected (Clz), All over (Au),

{c“”]i |
+1), Bangles (Br3), Coll
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TOPIC-10 )) CHEMICAL BONDINg
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’ |:n|.‘|:'|.:|:t||; of bond formation

. Atomie size, lonic radii and covalent radii
. lonization energy

. Electron affinity and clectronegativity

. Bond energy and bond length
. Types of bonds

. Electrovalem or ionic bond
. Covalent bond
. Co-ordinate covalent or dative bnnd_

* The valence shell electron pair repulsion theory

. Postulates and applications of VSEPR ﬂwun-

. Sigma bond pi bond

. Hybridization (sp’, sp’, sp)

. lonic character of covalent bond (Dipole moment)
INTRODUCTION

Chemical bond

© The force which holds two or more atoms or jons to form a large variety of compounds s
called chemical bond,
Causes of chemical combination
Atoms of elements combine with each other to stabilize themselves, Two factors &
necessary for their satisfaction;

© Every atom tries 1o attain electronic configuration near to a noble gas. (Wants to follow
octet rule). The tendency of atoms to attain a maximum of cight electrons in the valence
shell is called octet rule,

© Each atom tries 1o altain lowest encrgy slate because it is a stable state,

CRITICAL CONCEPT!

lonization energy is the index of Metallic Character

Low LE = metals, Intermediate I.E = metalloids and high LE — nonmetals

s

L]
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It is the average
distance between the
nuclei of an atom and
Ils oulermost

Chemical Bonding
—

Itis the average
distance between the
nuclei of an ion and its
outermost clectronic

Covalent radii
It is the half of the
single bond length
between two similar
atoms covalently

electronic shell shell bonded in a molecule
“rrend along the | From lefi to right, it | From Ieh to right, it | From leit to right, it
period. decreases decreases decreases
Trend down the Increases from top to | Increases from lop to Increases from top lo
group_ bottom bottom bottom

Greater shielding i A ding off;
Effect of the effect results in | Greater shielding effect | Greater shielding efiect
shielding effect radii BT | results in larger radii results in larger radn

m Cationic radius is smaller than parent atom while the anionic radius is larger than the

parént atom.

Particular

. ELECTRON AFFINITY AND ELECTRONEGATIVITY

e A :
Energy released when

Energy required to alom
: remove an electron an electron is added to ;l:g,:juﬂ:ﬂ?;ﬁ;inmd pair
Definition from the outer most the outer most shell of oF Ehaction
shell of gaseous atlom | pascous atom
1¥ LP is lesser, 2*is | 1® E.A is exothermic _
First,second and | 4o or and 3% is much | while 2* and 3* EA | Not applicable
third energies higher are endothermic.
Top to bottom Genera i
Trend down the IﬂP to bottom decreases, sometimes bmmmlllmnsgs
group CCrecascs energy is absurhﬁ‘!
Trend along the | Generally left toright | Generally lefi to might | | o8 to right increases
iod increase increases =
Generall
Effect of atomic | 1P decreases as s g Ll o L
size atomic si2€ INCIEASES | 5jp¢ increases !
“Generally high nuclear Generally high nuclear High nuclear charge,
fhl':it;:rnuclﬂr charge, high value of Eh;:g:_ high value of high value of EN
- 1.P > “Greater shicldi
hicldin Generally greater Greater shiclding
Effect of the Ef;'ﬁ:;c;u]m in IE:SW Ishitldm_l; cffect results | effect results in lesser
“il]-diu_g effect LP value in lesser E.A value E.N value

CRITICAL THINKING

ir IE values W= £99kJ/mol, X= 738kJ/mol, Y=
which one has highest metallic character

Q1 There are four clements with the iven
590kJ/mol and Z= 549kJ/mol ar¢ BEL T
By >
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I—'.".ﬂlﬂ','_lm,'l Lases of lonization encrgy:
LE ol A ~ Aamd VA = VIA

Lik — ‘
Electrovalent or wome bond

i} Covalem bovd
tnn Co-ordinate covalemt or dative Imml
ELECTROVALENT OR

IONIC BOND.
CRITICAL CONCEPT]

In some 1onic compounds there is
degree of “sharing of electron ¢,
between cations and anions, '

lenic Bond
The electrostatic force of attraction between
oppositely charged jons is called jonic bond or
clectrovalent bond.

OR
lome bond is formed by the complete transfer of

electrons from more q:[::ulm]'u_lﬁiti'.'ﬂ clements to more
clectroncgative clements.
Conditions necessary for ionic bond formation
© Electropositive ¢lements with low ionization energy
like 1-A and 11-A that lose electron and form cation.
e Electronegative clements with high electron affinity like VI-A and VII-A that gain
clectron and form anion.
lonic bond is non-rigid and non-directional.
(1)  Formation of NaCl

(i) Nag ——Na  +le” AH =496 kl/mole
28,1 2,8

(i) Clyp+le"—Cl AH =-349 kJ/mole
2,.8,7 2,88

Then sodium and chloride ions combine to form NaCl.

Nal, +Clygy — NaClyy  AH, =-787kJmole™
{2) Formation of Ca0

(i) Cagy —— Ca*?ipy + 2¢° AH =1735kImole™ (1) = 590 + 12 = 1145)
2882 2,88

(i) O+ 2e—— 0y, AH = 63%Jmole™ (E.A ==141 + E.Ax=+780)
2,6 2.8

Then Ca** and O°? combine to form  Ca0.,
‘Cﬂ*:.r” + ﬂ;:’ — Calyyy ﬂml'l‘ = =3414kJmole™

Which of the following compound has maximum ionjc character?

A. NaCl . NaF
B. Cs(Cl D. C:'.ill:
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1
i

foawnd jformad by mutual sharing of i g
jlydrogen molecule ¢ 1wo atoms is called covalent bond.

When two hydrogen atoms share g, el val
ence electrons, a coval :
' enl bond is formed.
Hx+«H = Hx+H or H—H

Chlorine molccules

when two chlorine atoms share their valence electrons, g covalent bond is formed
Gk Gl =ChClior Cl—y
Hivdrogen chloride molecule ]I“El' orH-Cl

H

Methane molecule H'-[:I"H
H

Oxygen molecules

When two oxygen atoms share their valence electrons, a double covalent bond is formed.

0=Q o 0=0

Ethene
When two carbon atoms share their valence electrons, a double covalent bond is formed.

Each carbon atom makes two bonds separately with two hydrogen atoms.

H H
Hl. . _:H ,- ""c=c/
cuc, @ X=C

H H H H

Carbon dioxide:

Two carbon atoms two bonds with each of the oxygen atoms scparately.
52Ccr0 o =C=0

' " bonding atoms is cal
erA nd formed by the shan of o i e

single covalent bond. It is represented by ()
2gle covalent bond. ILis re ecach of the bondinge atoms is called

double covalent hond. It s represented Y

ormed by the shanng o '.": +  three dashes ().
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TYPES OF COVALENT BONDS

Non-polar Covalent Bond ™

A covalent bond between two similar aloms or
those having negligible clectronegativity
difference. 0-0.4

I'|r|;||'i'll'!|;1IL’ﬂ! IBond

A covalent bond between two dissimilar
atoms having appreciable clectroncgativity

difference but less than 1.7 and greater than
0.4

The shared pair of electrons is equally attracted
by the two bonded nuclei

The shared pair of clectron is un- equally |
attracted by the two bonded nuclei.

Electron cloud is symmetrical around the two
nuclei.

Electron cloud is unsymmetrical around the |
two nuclei.

No partial charges appear on the molecule
because of symmetrical electrons cloud.

Partial positive and partial negative charges |
appear because of unsymmetrical electrons
cloud.

No polarity is developed on the molecule.

There is polarity in the molecule.

Compounds having non-polar bonds have
weak intermolecular attraction.

Compounds having polar bonds have strong

intermolecular attraction usually

Cumpﬁunds having mﬁpuhr bond have low
boiling point and melting point with less

Compounds having polar bonds have high
melting point and boiling point with high

solubility in water. solubility in water.
It is a weak bond Itis a strong bond.
Example: Cl —Cl Example: H*— CI*

PROPERTIES OF IONIC COMPOUNDS AND COVALENT COMPOUNDS

Propértics ”

lofiic Comipounds

| Covalent i'um'nmm[

1 B | Conduction of electricity Non-conductor but
Conductivity Non-conductor in solid state. electrolytic solutions are
Conductor in fused or agueous state. conductor
2 | Themodynamic |,,. . .. . ' Low melting point and
! High melting point ¥ Mciting pount
; properties gh & poil hqiling point
= | Alignment The bond is non-directional and non-rigid. '[11: b-m;d is directional
: and ngi
4 | Crystalline . : :
mg;ﬂiﬁ Show polymorphism and isomorphism. | Show isomerism
5_|Reactionrate | Rate of reaction is very high _| Rate of reaction is low
6 | Solubility Soluble in polar solvents. Like dissolve like )

KETS - PREP BOOK

86

Scanned with CamScann




\

\

L LI T

N omical Bon 7%

S [ HN,!\.'II'. , : ——

valent bond formed by tlye dmt ALEN'| 0N IDATIVE BOND)
o of an electron-pair by one of the bonded atoms to

or dative or Donor-aceeptor hond.

verlapping CRITICAL CONCEPT/

g o0 : ‘ .

‘.ﬂ,mdhmh: covalent bond is formed by o
T ofone completely filled orbital wig, one ;:mht orbily
v atom that donates an eleetron pair i unllmli] rhital,
0 :, - (Lewis base) and one that g Ceepts an elogt r:.““r
ir is called aceeplor (Lewis acid), n
This bond is represented by an arroy poi
] Jonor 10 acceplor.
Ammonium ion formation
, Nitrogen in NHy donates its lone pair 1o 11* 1o form
co-ordinate covalent bond and to give NIl
I[Jr,,.-mmn::qniu.mm 1on). In ammonium ion all the bonds
pehave alike with 25% coordinate covalent
and 75% covalent character,

In Co-ordinate covalent formation

() If beth donor and acceplor are
neutral,  before  the o
formation, then donor will gel
positive charge and acceplor will
pet negative charge afler the bond
formation.

iy If donor is nepatively charged
and acceplor is posilively charge
before bond formation, then both
will become neutral after bond

formation.

nling from |

| i

| I |

H— N: + H' —— |H— Is["_;. H |

|

H H

Ammonium ion

Similarly, N-atom in primary (RNH;) secondary (R:MNH) & tertiary amines (RiN)form

this bond with H',

Dative bonding between NHs and BF»

Nitrogen atom in ]‘:fH, have lone pair and it donates it to Boron in BF3 (which is clectron

deficient of octet) to form a co-ordinate covalent bond.

H 1==‘ ||| 1;

I L) =
H—N:‘“'ﬁ_:"“l;—F——: H—N'— B—F
H F W F
Donor Acceplor (Complex)

In this case donor develops a positive charge and acceplor gets negative charge.

Hydronium ion formation

Oxygen in water donates a lone pair to i ' 0".
{his bond formation, distinction between covalent and Co-ordinate covalent bond vanishes

i.e. all the bonds behave alike with 33% co-ordinate covalent and 66% covalent character,

form co-ordinate covalent bond to give Hi0*. After

H H
4.ﬁ T' l*
, O+ W —9  or Q
/‘u\ / ‘ A
; H ' H H
H H ]I}mlrﬂ“i“m lon Hydronium lon
g v
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CRITICAL THINKING ——
Q- Which of the following has maximum number of bonding electrons?
i B. CO;
xlbH) D. 11;0 . |
Q.4 Which sub-shell of B accept the electron pair from NIL | NI=»131)]
A ls B. 25
C.2p D. 3p

VALENCE SHELL ECECTRON PAIRREEULSIONTHEORY: (VSERRAHEORY) ™
“The valence electron pairs (lone pairs and the bond pairs) are amranged around the
central atom to remain al 3 maximum distance apart 1o ]-.:m.‘:p [L‘|‘l:l] sion al & minimum,™

Lone Pair is not involved in determining the shape of the molecules. The acronym “VSL-‘I'IL‘—"
15 pronounced “vesper”

Introduced by Sidgwick and Powell and Nylholm and Gillespic

Postulates:

o Both lone pair and bond pair determine the geometry of the molecules

Lone pair occupies more space than a bond pair

The magnitude of repulsion is in the following order

Lone pair = Lone pair > Lone pair — Bond pair > Bond pair — Bond pair

Multiple bonds behave like a single bond in determining the geometry of the molecule,

NOTE:Lone pairs are closer to the nucleus than bonding pairs and exert a greater repulsive
force.

oo oo

T T U o L T T .

[Elcetran Palrs " | "ATran genjent

: Mulnnll'[ﬂ i

Type o of electron =

.__!‘:in]tnplc- < Exanmples
f - ! o *

; Hu_l.l-t_iil'llr:; | Lone DHirs b |_';|:'r_m-|.|:-tr}' | :
_ BeCla,
AB: 2 2 0 Lincar Lincar B-A-B | HgCl, COp
3 0 Trigonal ""‘:F{-'il:u I!IH:.H!'E
planar n AlICIy, S0y
AB3 3 Trigonal planar
Bent (or A
2 i 18
1]
wes* | CHy,SiCh.
4 0 Tetrahedral “,-"}-1:. CCly BF j
NHs" SO0 ||
A :
H-I 4 4 | Tl:trﬂ.hmirﬂl T"EDTI[[I -"'"IE:-?'_ NH'I..HI:'I' :
Fj"l':tmldﬂl o s i 0" F’I [!_._J |
2 2 Bent (or egdd 1 . ,
angular) kethen i 1120, 125 |
B
KETS - PREP BOOK T
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i Chemical Bonding

| imitations - —_—
s VSEPR thoawy n
teids " .
— ' r 1 ‘.l .'III‘ lFiI”‘l"- .I:"' :I'I‘IFu-TI ‘ﬁr Trilt-'nllll;.-1 }I.It .‘r|l|_“|. rllll l'l'l.r
K « b the fonm o o —_
o Qb applicable 1o
i e log sngle bl pair system means di-atomic molecules

LULY TN T, thas theon

o  LComples

SIGATA

postulates of VIVT:
1 Jarss ¥

* Overlapping is o necessary condition for bond formation.

* Only half filled orbitals participate i overl
fomatien

ANIIPEBOND (WATANGE BOND FIEORY)

apping durning covalent bond

- Lircalce “1-\" iy s) I-ill'lpl“_l"!'_ _\'l“'l"r_fr i "-“: I'hi'l"'lil fli'lfnll:‘[l

lonnanon {l“-'ﬂl:lpping}_
Sigma(a) hond: A bond formed by head 1o head (en 10 end) overlapping where the
F“"""_-ff"ﬂ“? of finding the shared pair around the lne joining the two nuclei is
maximum 15 called as sigma bond,
Pi(=) bond: A bond formed by the parallel overlapping where the probability of finding

shared pair above and below the line joining the two nuclei is maximum is called pi
bond.

r-bond is a weaker bond than sigma hond.

Hx=-molecule

When two hydrogen aloms approach each other, their half-flled 1s orbital undergo
overlapping to form a sigma bond. One clectron from each of Is form a pair called

shared bond pair.
Separated H sloms Croeappang of crbitals Conalgnd bond in M,

HF molecule

The electronic configuration of both atoms are

Hi=1s'

Fe= 15°, 257, 2p%, 2p%, 2p's

The two hali-filled orbitals (1s from H-atom and 2p; from F-atom) undergo linear

overlap and form a sigma bond. The two ﬂltiﬂﬂh:‘r::::ink:mns with opposite spin paired up.

n:r:

H—1i H-F
0: molecule B e o
The clectiromic o r:llllj.:lll:llllull urlr'l.H:lL'llli.l.l'l.llll‘i 15 Oy=15", 2s°, :l‘l'.,_ :]‘Ilh :Plh
Each oxypen atom has two partially filled I'_'*“"““"’* ve. py and pe. One p, orbital from
cach :-Irlh:: W oxypEen aliins undergo lincar overlapping 0 form a sigma bond,
Whereas, lwo s orbitals from cach ovypen atom undergo paraliel ﬂ"-'-'ltill.'l[ling. to lormm a
m-hoand

(

]

= FREF BOOK L1

Scanned with CamScann



Topic-10 Chemical Bondin,

i

‘—“‘ .

COMPARISON BETWEEN o- Hmm ,ml} n-BOND

A bond formed by the sidewise overlapping of |

A bond formed by lincar overlapping of two T

| half filled atomic orhitals ufmlj:lm:t atoms is | two half filled l:'lal'ﬂ.llfl ﬂtﬂm-ll: orbitals of

' called a sigma bond, : adjacent atoms is called a pi bond.
Electron density is concentrated around the Electron depsity lics above and below the
bond axis. bond axis.

| It has only one lobe of electron density It has two lobes of electron density on
between the nuclei. opposile sides of bond axis.

. Only one sigma bond can exist between two One or more pi bonds can exist between two |
atoms. atoms.

It offers free rotation about the bond axis It offers no free rotation about the bond axis.

. It has no nodal plane. It has a nodal plane along the bond axis.

| The sigma bonds present in the molecule Pi bond has no effect on the shape of the

| determine its shape. molecule.

ATOMIC ORBITAL Iﬁ"lr'liRIIJI}"._-‘{I'I'I.')."{

Hybridization :
A process in which atomic orbitals of different energies and shapes are mixed together to
form a new set of equivalent orbitals of the same energy and same shape is called |
hybridization 5
© Hybndization is a process of mixing of orbitals in a single atom (or ion). ;
Only orbitals of comparable (relatively close) energics can be mixed to form hybrid
orbitals.

o The number of hybrid orbitals is always equal to the number of orbitals which are mixed.
Once an orbital has been used to form hybrid orbitals, it is no longer available for the
clectrons.

Hybrid atomic orbitals
The atomic orbitals of same energy, which have been formed duc to mixing of different

orbitals of different energics, are called the hybrid atomic orbitals.
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L TES OF INBRIDIZATION

i 11 drocarbons

E'I-II"I.I-TI["_ ol o
talns 05 ; : ,
Definition three p-atomic :';_:I:_I_ 1 Mixing of onc-s and | Mixing of onc-s and
fitals | two patomic orimtals | one p-atomic urhitals
ey | T = |
a— clra o e ————
__’-:“_'fl : odral Frigonal planar Lincar |
r;rl;fﬂ"«l:l' s & P L LI |
w0 5 Al e :
chracter d75% p 333% s and 66.7% p | 50% s and 507 p

E;r;:mrt of hydrocarbons on hasis ol hybridization
Number of

struciure bonds Hybridization _ilnml angle :Iu:rrTI:
| H H 1
= k »’ 109.5° 7 0
?Ii H
" H !
\ s/ A i
C=C o sp° 120° 5 1
VA 5
H H 7 |
H-C= ' 180° |

BOND ENERGY. BOND LENGTII

Bond energy
The average amount of energy required to break all bonds of a particular type in one mole
of the substance is called bond encrgy.
© Unit of bond energy is kJ/mole.
Factors Effecting Bond Encrgy
The bond energy is the measure of the strength of bond. The strength of a bond depends
upon the following factors.
(i) Electroncgativity difference of bonded atoms
(ii) Sizes of the atoms
(iii)Bond length
(iv) Nature of orbital

Applications of bond energy
@ Relative strength of bonds

© % of ionic character in bond . .
©  Estimation of AH (Difference of bond breaking and bond forming energics)

U
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Rond encrs)

Rond ¢ nerey

(KImolt) phJmod ‘) ‘

[ 1 567 155
c—C 348 H—F | 367 | T 155
C=C 614 H—Cl | 331 | ‘;,_‘; | :'—-_..

c=c | §39 H—Br | 366 r - :
C—H 413 H—I 209 | Br—Br 193

5 I — | 15

H—H 436 | 0=0 403 I 1
Bond Length —

The distance between the nuclei of two atoms forming a covalent bond is cafled hﬁ‘d kf?“h‘
© Techniques used to determine bond length are electron diffraction. N-ray diffraction or
spectral studies.

GF:‘E::I!.:r ISJ:“: Et:’ difference between bonded atoms, shorter will be bond length.

lonic character shortens bond length.

Greater the atomic radii of the bonded atoms larger will be the bond length.

Involvement of n-bond reduces bond length.

Greater s-character in the hybrid orbital lower will be the bond length
Along the period, bond length decreases.
Down the group, bond length increases.

i i S Bond length

(pm)

00000000

Bond

- nd length
Compound .

| Compound (pm)

BF (sp* hybridized) B-F 130 . Ej:':if;if;] | c-C | 154
BCL (sp® hybridized) | B-C| 175 !;:}’;ﬁn . |l:'=c [ 133
SiHl (sp’ hybridized) | Si-H 148 | E;-::n[;ii:c 5 : ch; 120
?:,f; hybridized) il 13 lgﬁfﬁum I i 1 ES

*“The product of electric charge and the distance between two opposite charged centres is called
the dipole moment™. It is a vector quantity.

Formula:

The mathematical formis, p=gxr

Where p = dipole moment,

q - charge,

r e distance between the center of charges
Unit:

Its unit is mC (S1 unit) or Debye (D). 1D = 3.336 = 10 mC
Applications:
Determination of polarity of molecule:
Molecules which have zero dipole moment are non-polar whereas molecules which have s

dipole moment are polar. For example benzene has zero dipole moment, so it is non polar. B
chlorobenzene has dipole moment of 1.54D, so it is polar.
B

KETS - PREF BOOK 72

Scanned with CamScann



[N S ——— ]

topic-10

Chemical Bnnd.lng

he study of dipole moment algy
" ol isomer 1,2- “Uichloroethe

Trans Cis

Thus knowing the dipole momemt of tIu:I'I ;: 3 " E LB?D , -
whether it is Cis or the Trans isomer. Ksapie o 2ulichkmpethin; G0 OB preciot
Calculation of %eage ionic character in 5 bond:

It is used to find the %age ionic character in 2 compound by the following formula.

“eage ionic character = Mﬂ 100

Relation between molecular geometry and dipole m:r[n::lt
Formula | Dipolc Momcnt L | Molctular Geomety, Examples
il L T
N Zero T BeCly, HgClz, CO:
Can be non-zero Bemt EﬂCi:.SEh
A Zero Trigonal planar BH;,BF;3 AICI;, SI};
Can be non-zero Trigonal pyramidal NH;3, NF3, PH3
Ze10 Tetrahedral CH4,SiClL, CCls
AT 210 Square planar [Cu(WH;))™
AXs Zero Trigonal bipyramidal | PCls, PFs, [Fe(CO)s)
axe | Yero Octahedral SFy, [Co(NH,)]"

Electronegativity difference and nature of bond
(i) If electronegativity difference between two atoms is zero or < 0.4 then bond will be

non-polar covalent bond
(i) If electronegativity difference between two aloms is greater than 0.4 and less than 1.7

then bond will be polar covalent bond
(iii) IF electroncgativity difference is equal to 1.7 then 50% ionic and 50% covalent

character
L d|ﬂ'¢|'mm.. is greater than 1.7 then bond will be jonic
ﬁﬂTE{:J lfc];clmnugnﬂw : inH-Fis| 0 but it is polar covalent bond
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COURSE

. Electronic configuration
. Chemical properties of s-13lock elements
. Group-1 Elements (Alkali metals) *
. Atomic and physical propertics
. Trends i reactivity
. Group-2 Elements (Alkaline Earth Melals) L
. Trends in reactivily
. Chemical and physical propertics
- Group Trends (Atomic & lonic Radii, lonization cnergy electron affinity melting and

boiling points, Elcctrical conductivity and Electroncgativity) _
. Reaction of Group 11-A Elements (With Water, Oxygen and Chlonne)

INTRODUCTION
Modern periodic law (Moseley)

The physical and chemical propertics of clements are the periodic function of their |

atomic numbers.

Periodicity

The repetition of propertics afier regular intervals is called periodicity

THINGS TO REMEMBER

Periodic Table Elements arranged in order of increasing proton number
Group Numbcer Number of electrons in outermost shell (valence clecirons)
PPeriod Number Number of shells of electrons
Valence Electron Electron in outermost shell
Metals Elements with 1-3 valence electrons except boron
Non-melals Elements with 4-7 valence electrons
Inert gases Elements with [ull outermost-shell

Periods

o The horizomtal rows of elements in the periodic table are called periods.
o All elements in a period have same number of shells.
© There arc scven periods in the periodic table that are known by Arabic numerals 1 o 7.

=

—
1
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I.E"l t
s Top s and p Block Elements
Sulvgroups
| I""lﬂil.-HT ||_|-|r“{|.| I]‘-II][“’L [ d<hlock [-hlock
IFeAp e |
prestnt clements | elemenis | elements | elements | elements
1 | Shortest A 2 ) 0 0 o
| Shon i R -
. ] N A o 3 i ] i}
31 Shon A 8 2 0 0 ¢
i -_'_'-I —r i _:
1 Long Aand 3 1% 3 & 10 o |
- |
“% | Long Aand 3 18 2 6 10 0
o Longest Aand B 32 2 6 10 14
= | Incomplete | Aand B 26 2 - 10 I |
_—

v Lithium and Beryllium in the second period resemble in most of their propertics with
Sodium and Magnesium in the third period respectively.

i » Boron in the second period and Aluminium in the third period have same oxidation state

of +3.

] » Fluorine in the second period has close resemblance with Chlorine in the third period.

s-Block Elements:

= The elements in which s-orbital is under the process of filling or has filled are called s-block

clements. It may also be defined as the valence electrons in these clements occupy the “s™

orbital.

Example:

For example, the elements of IA (alkali metals) and lIA (alkaline carth metals) groups

constitute the “'s™ block of the periodic table. s-Block elements consist of only metals.

p-Block Elements:

The elements in which p-orbital is under the process of filling or has filled are called p-block

elements. It may also be defined as these elements have outer electronic configuration of
n':.:npt""‘_

Example:

For example, elements of Group HIA, IVA, VA, VIA, VIIA (halogens) and VILILA (noble

£3ses or zero group) arc known as p-block elements. p-Block elements include both metals

and non-metals.

e
'["'"-rmamn .

T\
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, and p Block Elemeq,,

Toplic-11

INGING 10 PERIDY,

| LA N 1s BELE

WiESs OF |

2 ANDA
’I { I gruip || !h‘t[rnlll%ih!f
| rored - Faetofe
Mgty Ihclinlilon | “||H'|J1IJ"-'F'1"'”||J | T R PR
Half of the distance Nuclear chargeand |
between the centers ol IWe | . cpaces number of shells e
Atomic radius : : ne ;
adjacent atoms of any
clemenl. Dt:crn;?“”‘
) _ o for
Distance betwecn the center | oo cimilar Muclear charge and | 150-clectoge,
. . of an ion and the ouler charped ions) number of shells. *veand -y
lonic radius | Jary of its electron o P e
cloud. —— |
In case of 1A and ber of valenc :::r:.:gﬂ
Y 1 - i ol W o | LS.
Melting and Specific temperaturc al | s decreases and | Num Vie V
boiling Boint which an clement changes | o viiA electrons. e VIII
L to liquid or gascous stale. | . ooces decreases
Minimum gquantity of
encrgy, which is required 1o Nu-"ear charge,
: lectron from : B =
lonization energy | 7 T e llofite | Deereases :;1?:‘;:“:1: rlii:tﬂll Increases ||
I . |l
isolated, gaseous atom in its {
ground stale. 7 1
|
LEand E.A of |
bonded atoms !
The tendency of an atom 1o The structure of the
Electronegativity | attract a shared electron Decreases atom and the Increases .
pair towords it sell number and kind of i
aloms with which it !
may combine. 1
Energy released or Size of atom, |
Electron affinity ?hmﬂmﬂ, m, an electron Disasiai nucl-:ar_ :_h.:.urgt: and PTIEa |
15 added 1o a gaseous atom vacancies in :
to form a negative ion. valence shell. |
e T o ¢ o |
Metallic fmﬁldmm - Alomic size and D i !
character xid nuclear charge. '
. . —
(increases for [A
ol and IIA)
Electrical Ability to conduct - Lose electrons in
conductance electricity. no n:gul?rl trend , Decreases
’ for transition outer shell
metals ,
, R

The mst E.N elemeni in the periodic tulrh.; iait'lm_nn'ua;. BT I',-'m'['.“: -“e‘.if:ih valucit9.00 'm'rth 6 uil
e
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GROUP
Atomic and Physical Properties of the Gro

ARNAHAIER I- | Elements (Alkali Metals):

This section explores the trends in some atomic and phys

elements - lithium, sodium, potassium, rubidium

Trends in Atomic Radius:

As we move from lithium to cacsium, an extra s
The addition of an extra shell increases the atom

radii (of M* ions).

Momic
radius 0.2

(nm)

and caesium.

hell of electrons is added to each ele;
ic volume and hence atomic and im;l

ical properties of the G"-Wpl

0.3

0.1+

i -

Some physical properties of alkali metals

Property Li Na K Rb Cs
Atomic weight 6.94 2299 39.1 85.47 132.9]
Atomic velume 12.97 23.63 45.36 338 69.95 ;
Atomic (i.e metallic 1.55 1.9 2.35 2.46 26
radius for coordination
number 12 e :
Covalent radius 1.23 1.54 2.03 2.16 2.36
Ionie radius of M+ 0.6 0.95 1.33 1.48 .69 .
lons
Melting point 180.5 07.8 63.7 38.9 28.7
Boiling point 1330 8§02 760 688 670
lonization energies 5203 4958 4189 403.0 375.7
(kJ/mol) (Ir) . al
Iz 7298.1 4562.4 3051.4 2633.0 2230.0
Standard exidation 3.04 2.71 2.925 2.99 3.03
potential , ]
Sublimation energy 1.7472 1.2432 1.032 0.984 0.9024
(eV/ion) , ) l
Hydration energy 505 475 384 345 310
(kJmol™") e N
Electronegativity . 1 0.9 0.8 0.8 0.7 ___
Color of the lame Crimson | Golden | Violet Reddish Blue
red yellow violet —
Heat of atomization at 1.7472 1.2432 1.032 0.984 0.9024
25°C (eV/atm) i
lonic conduction of 3.5 43.5 64.6 67.5 63
M+ jon el
KETS - PREP BOOK = = 0

Scanned with CamScann



-

(S N S N SE—

s and p Block Elements
#

They react Vigorously and jipe
' reactions are highly exothermie, e metal hydroxide and hydrogen gas. Thesc

The energy which is produced
) alkali metals are stored in ke can bum the
2Na + 2H

. The reactivity of alkali
move down the group.
K, Rb and Cs are 50 reactive with waer
REAGTIONS OF GROUP
¢ with OXygen:
This topic mainly looks at the reactions of the Group-1A clements (lithium, sodium,

um, mhidium and cesium) with oxygen-including the simple reactions of the
various kinds of oxides formed.

Reaction with Air or Oxygen:
Alkali metals react with Oz or air rapidly and thus get tamished due to the formation of
their oxide on the surface of the metals, It is for this reason that alkali metals are stored in
kerosene or paraffin oil.
+  Liwhen bumt in Oz gives mainly lithium monoxide, (normal oxide) LizO.
4Li+0,—2Li,0
«  Nawhen bumt in O: forms sodium peroxide, Na:0.
2Na+0,—— Na,0,
v Other alkali metals react with Oz to form super oxide of MOz type.
M + 0, ——MO,
Normal oxides of alkali metals other than that of Li (Li20) are not formed by the direct
reaction between the metals and Oz they are formed by indirect methods, ¢.g. by reducing

peroxides, nitrite and nitrates with the metals itself.
2Na,0, +4Na—4Na,0

hydrogen gas. It is for this rcason that :
rosene or paraffin oil. =

:*'U—-—-;IH:]DI[-I-HI AH = - ve

that they react with ice at —100°C.
-IAWITH OXYGEN

2NaNO, + 6Na—4Na,0+N,
2NaNO,+10Na —6Na, 0N,

REACTIONS OFTHE ALKALI ."I-“".'I'.-"l.[- W |'||| 'f_.'lll-[}i.l."ﬂ"'.
*  Alkali metals react with halogens (chlorine) to give halides {cl_l'lnnd_.:s],
* Liand Na react slowly with chlorine al room temperature o give LIEL:?d NaCl.

* Molten Na burns with a brilliant yellow flame in the atmosphere of chlorine to form

NaCl.

INa+Cl, — 2NaCl

E; Rb and Cs react vigorously with all the halogens to form metal halides,

me 1 .
ame 111:;‘:; an Il'ljl'lic al chgdurt: used to defect the presence of certain metal ions,
— : *eii 1551 {rum.
R on each element’s charactenstic emission Spet

“PREP BOOK
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Topic-11 . s and p Block EIEm“h -
—— ﬁ % s
Procedure: . ice i e A
. Clean a platinum or nichrome (a |1ir:k¢1-5:11.r::{r|a_lu1nh:::|§::f:mm ﬂam::;. PPing it g
concentrated hydrochloric acid and then holding itn a

Repeat this until the wire doesn't produce any colour is the ﬂ'f!mﬁld then dip it into l
When the wire is clean, moisten it again with some of the ::m iﬂm“ P 2 Smal| '
amount of the solid you are testing so that some sticks to the wirc.
. Place the wire back in the flame again.

If the flame colour is weak, it is often worthw
and put it back into the flame as if you were cle
intense flash of colour by doing that.

Different colours shown by different elements

hile to dip the wire back in the acid agy
aning it. You often get a very short by

are given below:

Elemicnts

s ]
Flame colour

Elements Flarnie colour .
Li Crimson red Ca Brick-red |
Na Golden yellow Sr Crimson Red .
Pale green / grassy

K Violet Ba preen

i blue-green (often |
Eb Red (reddish-violet) Cu with white flashes)
Cs : Blue Ph Greyish-white

The Origin of Flame Colours:

The loosely held outer electron (i.e. ns' ¢lectron) of atoms of alkali metals can be easily
excited to the higher energy levels even by a small amount of heat energy (e.g. by heating
the metals or their salts into Bunsen burner). During the excitation process the electron
absorbs some energy and when this excited electron comes back to its original position, it
gives out absorbed energy in the form of light in visible region of the clectromagnetic
spectrum and hence the colour is imparted by the atoms to the flame. Since the amount of
energy absorbed dunng the excitation process is different in different atoms, different
colours are imparted by the atoms to the flame.

5 GROUP-IIA ELEMENTS (ALKALINE EARTH METALS)
Trends in Atomic Radius:

The atomic radius increases as you go down the Group due to the addition of extra shells.
Notice that beryllium has a particularly small atom compared with the rest of the Group.

&
=
'ﬁ
i
=
=
=
: o
Atomic number
11-A
Trend in atomic radius of Group 2 clements
KETS - PREP BOOK __ddiﬁ
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TR,

I
wﬁill )
s and nts
Reason: P Block Eleme
pecause of the additi
ic volume i ion of an extra shell of elecirg
atomic VOIUME increases from Be g pg ns to cach clement from Be to Ra, the
With the increases of atomic volyme th : * :
*  increase from Be to Ra. e, the atomic and ionic radii (of M?* ions) also
The atomic radii of these elem
’ od. This is du o\ are however, smaller than those of alkali metals in the
same pena € 10 the fact that the alkalj ,
charge which tends to draw the orbit electrons a1, CArth metals have higher nuclear
. The smaller values of atomie radii result j.r:'.:;:}:;c”:l’h:r nu:lc:s, | ——
higher dmsmw;s and h‘ihﬂ melting points than alkali mﬂ‘;:m ey o, TS
= ome physical Ilraﬂt]ltrtiu ﬂ{t:]kllinggrlh metals
Propey Ca Sr Ba Ra
"-"""'*"‘f:';_' 201 2431 (008 | 5782 13734 | 226
. ai 64xlng |20 345 0915 0.040 | 1.3x10.10
Mﬁ{*ﬂ _ :-1’;1 H; E!.'- 254 375 | 6.00
Meltang potst 763 T 700
B-u-lqﬂﬂ.ﬂlﬂ . me o7 1440 1380 lﬁTﬂ .
Atoemic volume (c0) o 4.90 1397 259 34.54 63.7 380
..h-n-t!l.zt I'::;.Il]l'l:! radius for coordination 112 1.60 1.97 215 293 3
smmber 12 (A"
Covalent radinm (A°) 0.50 136 174 1.91 198 |-
lonic (crystal radius of M*+ion for
Coordimation number 6 ((A")) 031 065 099 1.13 135 140
lonizations encrgies (Klmole 11) 8995 737.7 | 8298 | 478 5009 | 5094
T ionization eaergy Iz IS0 14507 | L1453 | 1063 | 9652 | 9m0%
1* + 2 jonization energy z-:m& :;EH 17352 :;I 3% l-;ﬁu'!.l l-;ﬂ.-iﬁ-
Oxsdyiaon siaie L & &7 + &
Elecronegativity 1.5 12 1.0 1.0 09 09
Flame colowration Nonc MNoac Brck Comson | Apple Red
Onidation il red
I[-nmﬁmm':-}m ' 170 137 2 §7 289 im0 |m
M —M™  ale
Hutnlm:nﬁmntﬁ‘cwlamprﬁﬂn 126 | 14689 | 181 - _ -
(climole) ass4s | 19250 | 165307 | 145867 | 127642
REACTION OF GROUP -11A ELEMENTS WITH x']F.H -
Group 2 elements: beryllium, magnesium, calcium, strontium and banum react wil
w:tgrpi:q; steam). It uses these reactions to explore the trend in reactivity in Group 2.
Beryllium
Beryllium has no reaction with water or steam even al red heat.
Magnesium & . ; -
Magnesium bums in steam to produce \:nntlifﬂ m;sﬂﬂﬂlﬂ“'ﬂ" and hydrogen gas.
Mg, +H; 0y — 7 MBYw T Haw
: 1 bon has & slight reaction with cold water. After several
::'Il"jl;t t::m mﬂmﬂl :F hydrogen form on its surface, and the coil of magnesium ribbon
usually hmn the surface. However, e rometion 2008 Bofe m“ft::t S
hydroxide formed is almost insoluble in water and forms a bamicr on (he magnesium
preventing further reaction.
Mg,, +2H;0p—> Me(OH) +Hig
Calcium, Strontium and Barium . . ur to give the metal hydroxide and
These all react with cold water with increasing VIEour (0 g!
hydrogen.
Wy o
= PREP BOOK
|
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Topie-11 s and p Block Eleme,,
. _%truntium and barium have reactivitics similar to lithium in Group 1 of the FM I
able, '

Calcium, for example, reacts fairly vigorously with cold water in an exothermic reay;

Bubbles of h}rdmgf:*gf :IT: Eﬁ ::ff and :’ white precipitate (of calcium hﬁﬂmuﬂ "

formed, together with an alkaline solution (also of calcium hydroxide - Calcing

hydroxide is slightly soluble). | |

The equation for the reactions of any of these metals would be: )
M||+IHIDN——4M{GH}H“H+HH I I

REACTION OF GROUP -11A ELEMENTS WITH OXYGEN

Reactions of the Group 2 Elements With Air Or Oxygen:

Formation of Simple Oxides: ‘

Preparation: ‘ _

The alkaline earth metals form the normal oxides of MO type which are obtained by

heating the metal in Oz or by heating their carbonates at high temperature e.g.

2Ca +0,——2Ca0
Properties:
- Physical state: o
These oxides are extremely stable white crystalline solids due to their high crystal lattice
energy.
Solubility:

BeO and MgO are quite insoluble in H2O while Ca0, $rO and BaO react with H:0 to
give soluble hydroxides, M(OH): which are strong bases.
Ca0+H:0 —— Ca(OH):

. Basicity:

BeQ is not at all basic in nature; in fact it is amphoteric since it reacts with acids to form

salts and with alkalis to give beryllates.

BeO +2 HCl —— BeCl: + H20
BeO + 2 NaOH —— Na:BeO; + H:0

The oxides of other metals are basic in character. Their basic character increases on

moving down the group.
. Chemical nature:

Due to small size Be** ion, BeO is covalent while other oxide are ionic.
. High Melting point and Boiling point of BeO:

Although BeO is covalent yet it has a higher melting point and is harder than the oxides

of other metals as it is polymeric. Each Be atom is tetrahedrally coordinated by four
oXygen atoms.

Peroxides: o
Preparation: :

The peroxides of heavier metals (Ca, Sr, Ba ¢lc.) can be obtained on heating the pormal
oxides with O at high temperature. )

2Ba0+ 0, ——2Ba0,
Properties:
Tl!c peroxides are white, ionic solids having peroxide anion, [0-0)*, They react with
acids to produce H20,.
BaO, +H,50, — BaSO,+H,0,
KETS - PREP BOOK —
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Toplc-11 s and p Block Elements

H..\{"I'I[]-H OF GROUP -11A ELEMENTS WITII NITROGEN

All the elements bum in niwopen (o form nitrides, MiNz c.g.

) | ACa+ N, —Ca N,

Ihese react with H:'ETI' W liberate NI e,

1 _ [_;nH;--l 6 H:0 —— 2 NI+ 3 Ca(OH):

BeaN: s volatile while other nitrides are not so.

: REACTIONS OF GROUP A TALUMINIUM ON
Reaction with Air
coaling of alumanum 1.'|:'li.'i-l,ll;_'" wlinch I_“u-l,_l.._'-nlg further attack on the mctﬂl hl';l' almuﬂphﬂﬂﬁ

Sk oxyeen and water under normal conditions. Beeause of this, aluminum shects are said to

- be corrosion free.

. Huwcw_r. if the nlu_minum powder is heated to 800°C and above, the metal will react with
air 1o mrlm aluminum oxide, Al:Oy, and aluminum nitride, AIN. The reaction is
accompanied by the evolution of heat and intense white light. This property of aluminum
is made use of'in fash light photography.

JA1430, — 2A1,0,

W) JAl+N, — 2AIN

Because of its ability to combine with both oxygen and nitrogen, the metal is often used
o remove air bubbles from molten metals. Salt solutions comrode aluminum badly, so
i alumimum and alumimium alleys are not suitable for manne use.

Reaction with Non-Metals

Heated aluminium combines with ‘the halogens, sulphur, nitrogen, phosphorus and
carbon, accompanicd by the evolution of heat.

24l +3Cl, , —2AICI

LY)

shig LT
2Al, +38,, —ALS,,,
2Al, +N,,, —2AIN,,
[{u 'ﬁ'lll: * P:;:: = I.'|L||Tw
qal  +3C, —ALC,,,
Aluminum on heating with hydrogen forms aluminium hydride.
2Al+3H, » 2AIH, !
Reaction with Acids and Alkalics ‘
E[;;'# +  Aluminium is amphaoteric. It dissolves in both acids and bases with the liberation of
i hvdrogen gas.

¢ Reaction with alkali: , : :
Aluminium dissolves in both sodium and potassium hydroxides to

form a soluble aluminates, with the evolution of hydrogen.
o’ 2Al,, +2NaOH,,, +611,0,, —2NaA{OH),,, +3H,
Sodium aluminate

* Reaction with acids: _ . ) _ _
Aluminium regcts slowly with dilute acid and more rapidly with concentrated

'.j hydrochloric acid 1o displace hydrogen,
4 2AL +6HCl,, — 2AIC], +3H,,

/H KETS - PREP BOOK 105

Scanned with CamScann



- =

Topic-12 ))) TRANSITION ELEMENTS
' * 22 e COURSE .,
. General charactenistics
. Describe clectronic structure of clements and ions of d-block clements
(a) Electronic confliguration
(b) Vanable oxidation stales '|

(c) Uses as a catalyst

(d) Formation of complexes

(¢) Colour of transition metal complexes

(f) Magnetic behaviour, Alloy formation, Binding Energy

(2) Complexes important terminologies Nomenclature
_INTRODUCTION

Transition Elements:
“The elements which have partially filled d or f~orbital either in their atomic statesorin |

other common oxidation states are called transition elements.” They are called d-block or
f-block elements.
Typical and non-typical transition ¢lements
Non-typical transition elemenis
o Elements of group [I-B (Zn, Cd and Hg), I1I-B (Sc, Y and La) are non-typical transition elements.
o d-Block elements are called outer transition elements while f-block elements are called
inner transition elements.
Series of transition elements
The d-block elements consist of following three series of ten elements each:
o 3d-series: from Scandium (Sc =21) to Zinc (Zn =30)
o 4d-series: from Yitrium (Y =39) to Cadmium (Cd = 48)
© Sd-series: from Lanthanum (La = 57) to Mercury (Hg = 80)
The f-block clements constitute two series which are:
General outermost configurations:

o First series (d-block elements) = (n-1)d'"9ns?

© Second series (f-block elements) = (n-1)d"(n-2)f """ ps?

GENERAL CHARACTERISTICS

"0 Metals:
\ They are all metallic in nature,
- o Catalyst:

Some of the transition elements pl i — . .
Ti,Cr, Fe, i, Cu, Mo, W, 6, Nb, Ta and Thete, |~ ous- These metals o

KETS - PREP BOOK —
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Toplc-12
o MHard and conductor: |
They are all hard al wi
mﬁuﬂnﬁ ﬂ'“'l'l‘-':: ::rln;t ;?:'cl;_}nl'!::;l With high melting and boiling points. They are good A
o Alloys: '
They form alloys with one
o Variable oxidation staqe:
With a few exceplions, the

o Coloured compounds:

_Their ions and compo: nds are colored in the solid state and the solution state.
ELECTRONIC CONFIGURATION

o Transition clements may be defined as those elements which have partially
*f* sub shells in atomic st

Transition Elements

another and other clements of periodic table as well.

y show variable oxidation states.

i filled d” or
ate or in any of their commonly occurring oxidation states.

'I

A

o d-Block :anwnls are known as outer transition clements while f-Block elements are also
known as inner transition elements,

o Transition elements usually show variable oxi

Jil-hlock clements

dation states, coloured compounds and

Stl-hilock clemienis

Elements Electronic Elements Electronic Elements Electronic
Configuration Configuration Configuration
Sc(21) [Ar]3d'4s® Y (39) [Kr)4d'ss? La (57) [Xe]5d'6s’
Ti(22) [Ar]3d%4sT | Zr (40) [Kr)4d®ss® HI (72) [Xe]4f5d%6s2
V(3) [Ar]3d*4s® | Nb(41) [Kr)4dss! Ta (73) [Xc]4f5d%s
Cr(24) [Ar]3d*4s’ Mo (42) [Kr]4d*5s' W (74) [Xe)df*5d%s?
Mn (25) [Ar]3d*4s* | Te(43) [Kr])4d*ss?® Re(75) [Xe]df*5d%6s”
Fe (26) [Ar]3d%4s’ Ru(44) | [KrJ4d'ss' 0s(76) [Xe]4f 54555
Co(27) [Ar]3d"4s? Rh (45) [Kr}4d®ss' Ir (77) (XeJdM5d76s!
Ni 28) [Ardas? Pd (46) [Kr}4d'ss® Pt (78) [Xe)afs5d%s'
Cu(29) [Ar]3d"4s' | Ag(47) [Kej4d"ss' | Au (79) [Xe]df 545"
Zn(30)  |[ArpdP4st | Cd(@8) | [Kidd™ss' | Hg(80) | [XeJar'saves
S
KETS - PREF Boon 107
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Elcctronic configuration of 3d-series elements:

34l = series clements §

: T e T

lements Configuration™ ™ 3d

Sc (21) [Ar] 3d'4s? 3

Ti (22) [Ar] 3445 1]
V(23) [Ar] 3d%4s’ 0K

Cr (24) [Ar] 3d%s! ANEEE
Mn (25) [Ar] 3d°4s? MEIEIEIE
Fe (26) [Ar] 3d"ds” MK 111
Co (27) [Ar]) 3d’4s? NNEIERE
Ni (28) [Ar] 3d%4s? VR
Cu (29) (Ar] 3d"%4s! Whiacfir
Zn (30) [Ar] 3d74s* AT

VARIABLE OXIDATIONSTATES

© Transition elements are electropositive, so they have positive oxidation states,

o All 3d series elements show an oxidation state of +2 in addition to
when the clectrons of 4s-orbital take part in bonding.

Transition elements show variable oxidation states.,
The reason is that they have d-electrons i
These elements have several (n-1) d and n
orbitals are very close
as ns electrons,

©  In the highest oxidation states of first five clements, all s
bonding,

© Among the 3d series, Mn has maximum oxidation states, and gocs up to +7

© The oxidation numbers +2 and 43 ar¢ more common.

© Positive oxidation states increase up to the middle of series and alter that they decrease.
It is because the number of unpair

higher oxidation staes

addition to s-clectron for bond formation,
s clectrons. The energics of (n-1) d and ns
to each other. The d-electrons are as casily lost as ns clectrons lost

and d-electrons are used for

cd clectrons increases up to the middle and then

decreases.
| [Ar] 3d! 452 +3
Ti-22 | [Ar] 3d* 452 +2, 43, +4
V-23 [Ar] 3d7 457 +2,+3, +4, +5 |
Cr- 24 [Ar] 34 450 +2,43, 44, +5, 46 |
Mn - 25 [Ar] 3d* 45 —l22, +3, ¢4, 45, 406, +7
Fe- 26 [Ar] 3d* 452 ~1,42, #3, 44, +6
Co-27 [Ar] 3d7 452 2,43, 44
Ni- 28 [Ar] 3d" 452 #d, +3, 44 .
Cu - 29 [Ar] 3 4! 4,42 -3 3
4n - 30 [Ar] 3™ 45 _
108
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T_..-njl—'.—_?-—-——- __'_-_._'—-—-—.-_-_'__‘—._-_—-—._____ Transition memtnt’

o

= =T = =

are also catalysis,
Reason:

The reason is that the transit _ - _
e 4 .= aisthon melals show va W[ oxidation states. In this way, they
can form intermedia , ricly of

They also form 1 ':II"_T'-HIlHls with various reactants.
SIH."L:i o i mierstitial compounds which can abserb an activator to the reacting

Examples:
Some of the mponant examples “r\‘-ﬂlillj':ilﬁ are as lollows:

A mixture of ZnO and Crs0s is used for the manufaciure of methyl alcohol.

Ni. Ptand Pd arc catalysts for the hydrogenation of vegetable oil and saturation of
alkenes and alkynes to alkanes.

MnO: can be used as a catalyst for the decomposition of H20:.
TiCls 1s used as catalyst for the manufacture of plastics.
V20s is used to oxidize SOz to SO in the manufacture of H2S0s.

Fe 1s used as a catalyst for synthesis of NH; in Haber's process. About of NaxO or K20
and about 510z or Al:Os are added as promoter. Mo is also sometimes used as a

used as catalysts, The compounds of transition metals

; COLOUR'OETRANSITION METAL COMPLEXES
When white hight is allowed to fall on a complex.

The following things may occur
The complex may absorb the whole of white
light. In this casc complex appears black.
The complex may reflect or transmit the
whole light. In this case it appears white.
The complex may absorb some of 1t and
may reflect or transmit the remaining light.
Mechanism:

When light is allowed to fall on a substance, it absorbs from it the light of a

particular colour whose wavelength is in the visible region (4000-7000A) and reflects
the remaining light which has the colour complementary to that of the absorbed light.
Complemeniary colour which is actually the colour of reflected light becomes the colour
of the substance.

Every ion absorbs a different wavelength and transmits the remaining set of wavelengths that
gives different colours to the ions.

1:}1:} - I D 2R DIEJ
DL’JDG@—C e 000

Absomption of yellow I'lg_,lll by [Ti(H20))** ion. -
In [Ti(H-0)]*" , yellow light I5 uhsmbcld.l. while mosl ol the h!ut and red lights are
ImLE:JEiI.ImI::EI.!II-;r::}IIIIr-: the solution of |'I':{H:l‘.'}}¢.]" ions look violet in colour,,

CRITICAL CONCEPT!

The colour of the transition metal ions
is due the presence of unpaired
clectrons or incomplete d-orbitals. Due
to d-d transition.

The colour of complex may not be shown by
A. v'l 3. M“”

il
Ti'r!- D. S¢

Scanned with CamScann




r

Transition Em"ltt
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Many transition clements and their compounds are

Paramegnetism: etic. Pa :
The m‘l‘l?‘lﬂumla attracted into the magnetic field are ﬂi: :maﬂunds e
is due to the unpaired electrons present in the metals
Examples: Mn'?, Fe'? cte.
Ferromegnetism:

The substances which can be magnetized arc
Examples: Fe, Co and Ni elc.
Diamegnetism:

Some substances in which cven number of clectrons &
are diamagnetic. They are slightly repelled by magnetic field.
Examples: Zn'?, Sc* etc.

Magnetic moment: .
o The magnetic moment (j) is related to the number of unpaired clectrons (n) by the

equation:
= ..,‘n {l’l +2)

called ferromagnetic.

s are present, and have paired spins

o It is measured in Bohr magneton, BM.
o By measuring magnetic moment, the nature of transition metal compound and oxidation

state of transition metal can be calculated.

ALLOY FORMATICH i e

Alloy is mixture of two or more than two metals. Transition metals form alloys with each
other. -
Reason:
Transition elements have almost similar sizes and atoms of the one metal can easily take up
positions in crystal lattice of the other. They form substitutional alloys among themselves.
Example

o Alloy steels are the materials in which the iron atoms are substituted by Cr, Mn and Ni.
Stecl has more useful propertics than iron.

o Brass, bronze and coinage alloys are the best alloys.

Properties:

As alloys are prepared according to the requirements, their characteristics are different,

yet few properties are common which are as follows:

Alloys are comparatively cheap.

They are strong and flexible but hard alloys can also be prepared.

They have long life because they do not corrode.
They are durable, -
They have high melting points.

They are better conductor but non-conductor alloys are also prepared.

o000 O O
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Alloys of Mctals

Composiij : .
o ;
L Propertics and Uscs

* ltis strong alloy of copper which is soft and flexible.
Brass Cu=60-gos; |* Itdoesnot corrode. |
En=20-40% |* Duetolow melting point, it is casy to use. ~
* |t iF used to make locks, keys, waler taps, pipcs
artificial jewelry, door handles and parts of machines.
It is strong, brilliant and long lasting.
Bronze Cu90-950;, |* It dﬁﬁ not corrode.
' Sn5=10% |* Itisusedto prepare medals, coins, badges and
bullets etc. besides these; decorative articles are
: also made from this alloy.
MNi = 60% N
Nichrome Cr=15% It is used in electric heaters and filaments of fumaces.
Fe=25%

Transition elements are tough, malleable and ductile.

The toughness of the metals is due to greater binding energies.

Reason:

It is because the s-electron of outermost shell takes part in chemical bonding. However,
the electrons of half-filled d-orbitals also participate in bonding. So, they have greater
binding energies and toughness.

Variation in Binding Energics:

When we move from left to the right in any d-block series, the number of electrons
increase up to group V-B; that is vanadium family and VI-B i.e. Cr family.

After that the pairing of electron starts.

The unpaired electrons become zero at group 11-B.
It means that binding forces go on increasing up 10 Cr and then decrease afier that.

This is shown for the elements of 3d and 5d series in the following graph.

il

d ¥ 8 8 8 2 &

Berteng ergboges (orin of 10 Jrrale )

-
i

L]
|
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FORMATION OF COMPLEXES AND THEIR NOMENC . A\TURE
plex molecules or complex ions and capay, :

ination compounds com plexes.

Th“ compounds containing the com
independent existence are called coord

A complex compound may confain
(i) A simple cation and a complex anion
(ii) A complex cation and a simple anion
Component of complex compound
Component Description

Examples

Central metal Aaal ahomn ox secle surrounded e (CN)
atom or ion by number of ligands in the complex Fe** is the central metal ion
compound
lon, atom or neutral molecule that . e
donates clectron pairs to central metal i . R :
Ligand atom/ion. " L5 G o i, HIO, GOE
Ligand with two donor atoms 15 called
bidentate
Ci-aoilticaisn The numb-:r of lone pair of electrons | [Cu (NH;):]50s
Mk !Jruwdr,-d by ligands to central atom or | The co-ordination number of
ion. Copper in this complex is 4.
Co-ordination Tllm -:a.'_:nlml metal atom or ion along In [Ni (CO))
Siliiss with ligands is called co-ordination [Ni (CO)]"is ncutral co-
sphere " | ordination sphere.
[Fe(CN)s]* Charge on iron
Chagr Algebraic sum of charges presentson | = + 2 Total charge on six CN
co-ordination central metal ion and the total charge | ions=-6
sphere on the ligands Charge on the coordination
Chelates: - bl LA, BT

A complex compound, in which one or more th T -
’ an one nng 15 (o of
clectrons by poly dentate ligand. e.g. [P(C204):] g1s formed due to donation

=2
0=2C—0~, LO0—C=0
P.Iil
0=c—0~" “p—c=0
| [PUC:04 )2)?
Dioxalato-platinate (11) ion
KETS - PREP BOOK 113
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Naming the complex compoyg
The WWPAC rules for naming the gor
Cations are named before anions,

In naming the coordination sphere, i
the nature and number of ¢y
The prefixes di,
<ame ligand.

nplex compounds are as follows.

1 Bands are named in alphabetical order regardless of
iri, tel " m-"“w“l by the name of central metal jon.
EL enta, hexa, ete, are used to specify the number of coordinated

The names of anionic ligands end in suffix “0" e.g. hydroxo O, carbonato CO;

o The names of ncutral ligands arc usually unchanged, c.g. for NH; ammine and for H20,

[

(S

=

agua......clc.

The suffix “ate’ comes at the end of the name of metal if the co-ordination sphere is
negative otherwise it remains unchanged.

The oxidation number of the metal ion is represented by a Roman numeral in
parenthesis following the name of the metal.

Examples:

Ka[Fe(CN)s) Potassiumhexacaynoferrate(ll)

[PICIIND;:) (NH3)4]S04 Tetraamminechloronitro-platinum (1V) sulphate.

Writing the formulae of complex compound

In writing the formula of complex ion, the usual practice is the symbol of the central
metal atom first, followed by the formulac of the ligands.

The ligands arc written anionic ligands first and then neutral ligands.

Following this scquence, more than one anionic or neutral ligands arc wrillen in
zlphabetical order

The formula of whole complex ion is enclosed in square brackets.

Examples:

Sodiumhexafluorocobaltate (111) MNaj|CoFs)

Potassiumtetracyanocupparate (1) Kz [Cu (CN)]

Trizquatrihydroxochronium (I11) [Cr (OH) (H20)]

Geometry of complex com pound

" m =y
[ Gl * [Cu (HH ]2 I_FHC{:;I [Co ﬂ'gh
e Hl -~ HH) co | H:ﬂ;f";‘;;m:
r-"'f' " i il:aﬂ-
It _ﬁd_,.a-"!:h""l i u—:‘;"ﬂn Py S
/ Tty €6 | WL et
:-. m
a a o co l';ﬁt’d":
serraturaral 135°) square planar (dsp’) trigana! octahedral
pepryrarmudal (¢3p)
K75 113
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TOPIC-13)) o ORGANIC CHEMISTRY

ON

. Classification of organic compound

. lsomensm

. Functional group
compounds (All families)

. Nomenclature of organic
INTRODUCTION ]

[
""-ﬁ =

ORGANIC COMPOUNDS gl

» Compounds of carbon and hydrogen (hydmcmhn-ns) and their derivatives

« Fridrick Wohler broke vital force theory _
« First laboratory prepared organic compound 15 urea

« NH,CNO==(NH,),CO
» Exceptions are CO, COz, Carbonates, Bicarbonates etc.

— [ craricaL coNcerT! |- —

L ]

- g

Compounds which are generalized as inorganic compounds include CO, COz, Oxides of
carbon, Carbonates, Hydrogen carbonates.

Whereas some compounds may form organic compounds after reacting with hydrocarbons
but initially they are categorized as inorganic which include groups or compounds such as
KOCN, NHsOCN, HCN, N:Hs & NH:0OH

' Q1. Hydrocarbons and their derivatives are generalized as organic compound, the oo ||
which may not be generalized as organic compounds |

A. CCly B. CS;

Q2. Vital force theory proved that inorganijc substan .
i ! C ! : v, Fe i umm: .
compounds. The compound obiained during Wllnhl.:.-h::n“ be synthesized into 4

A. NHsCNO B. KOCN PAEE s %
C. HCN D. (NH3):Co

are organic compounds
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Fundamental Concepts of Organic Chemistry

e ——
2L LASSIFICATIONS OF ORGANIC COMPOUNDS.

Organic compounds
| 1 |
Open chain (acyelic) | Close chain [eyelic)
r . 1 [ . |
‘ ; T . unllal.urmd
Q Alieyelic Aromatic | | Saturated :

The carbon skeleton is the basis of classification.
(1)  Open chain (Acyclic or Aliphatic) compounds:
The class of compounds containing open chain of carbon atoms.

CH3y-CH-CH:-CH; CH3-CH-CH,
o-Butane |
CH;,

They are further classified into two classes.
(i Straight Chain or Unbranched Compounds

m— The compounds having carbon chains without branches.
\ CH3-CH>-CH>-CH3 n-Butane
b Ocf CHj;-CH2-CH2-CH2-CHs  n-Pentane

(ii) Branched chain compounds _
The compounds in which carbon chains have side branches.

1 by CH:»-CH-CH3s CH;-CH»-CH-CH; EH:-EH:{H:-FH{ H;
om5¥ [!:H] llJHJ CHs
lsobutane [sopentane Isohexane

? (2) Closed chain compounds (cyclic compounds) o
The compounds in which carbon all-:w'cs_:Irl form a closed chain Eﬂngfcyr.:h:].

ci, N VN
TII.—-TI,. (Iq:’] \tn: r|.1| i-u } O ti’ﬂ i‘u '-'fl:']
: wo O N
i CH—CH, {H.——l!'l'll: l{ ).H H\L/L
Cyclobatans o 2 ]
M o Reruang Pyndine

The closed chain compounds are further classified into two main classes.
(i) Homoeyelic or carbocycelic compounds:

The cyclic compounds that contain only one type of atoms (carbon) as a member of ring
h o
¢ A OO

‘ yekpentane  Cycloheoxane
Cyclopropase Cyclobwtne  ©) bops ¥ ; Lorreme

They are further classified into IW0 classes.

/"m-rmm 118
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Concepts of Organic Chemjg

Topic-13 Fundamental _

jd or non-arom atic)

(a) Alicyclic compounds (Non-benzeno nore carbon atoms and resep)
The compounds that contain a ring of three oF I © Wit

aliphatic compounds. @

. g =+ il
Cyelohexane Cyelohexene | . 3-Cyelohe saulecie

(b) Aromatic compounds (Benzenoid): _ i et mias o i, B - ﬂﬁfﬁ-"-ﬂ
The compounds that contain atleast one benzene ring (ring of 51 OmS With threy !

. am j
alterate double and single bonds). Aromalic Compounds may CORLAIN MOre benge, jf‘ﬂu‘
rings which may be fused or isolated. Bl CHO

0-0 000

oo

Henvene Toluene  Phenol Benzaldehyde Nitrobenzene % .;'ﬁ"f"
(i) Isolated ring aromatic compounds: Hucd
- ﬁ arst
OO
Biphenyl Biphenyl methane i (t

{ii) Fused ring aromatic compounds:

)

MNaphthalene Anthracene
(ii) Heterocylic compounds:
The compounds which contain atleast one atom other than carbon in the ring.

[ %] T
Pynidine  Furan Fyrole  Thiophene
oo e i emn s U ESOMERISM
Isomerism (Iso = same; Merose = units)

-

Toadd

' i jumber of | Numberof ;
Two or more compounds having same molecular Number of | Num e h’"ﬁ
' o carbons | . Isomero
formula y : :
but different structures arc called isomers and the 5 3 beh‘
phenomenaon is known as isomerism, | 3 5

e In saturated hydrocarbons methane, ethane and

e

: = : ropane |; have 0
structural form only 1.¢., no Isomerism wEE (amongst alkanes) %1
& B =1 I} . i !
e lsomerism is possible for compounds having at least foy; carb ) \ y
e Number of isomers in case of saturated hydrocarbons, SR ;'
s MNumber of isomers increases with inerease i r—,m. -l VA
7 : mber T ; . 1y SulkE g
hydrocarbon. of carbon atoms i i‘i‘-'zti
T!.rpr_l.i ﬂ‘r [somerism J'i'-:fqi
(i) Structural Isomerism () Geomerrie isomerism . 4
KETS - PREP BOOK ] : e
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_Tf--—- Fundamental Concepts of Organic Chemistry
%

(i) Structural Isomerjsm
The compounds havi
E:n:immi::::. VINE same molecular formula but different structural formulas and
() 0
I il
CHy-CHy-C-CHa- ] Iy and CHy-C-CHz-CH2-Clly
J-Pentanone 2-Pentanone

Structural isomers having same formula CsHiO
Types of Structural Isomerisn: '

(i) Chain or skeletal isomerism
(il) Position isomerism

(iii) Functional group isomerism
(iv) Metamerism

(v} Tautomerism

(1) Chain Isomerism or skeletal Isomerism:

The compounds which have same molecular formula but differ with respect to
carbon chain {carbon skeleton)

Chain isomers of C;II;:

#

' n:i'm fl.'H;
(i) CH»=-CH2-CH2-CHa-CHy CH-CH-CH:-CHy & CH-C-CH;
n-Pentane Isopentane CH,
MNeopentanc
Chain isomers of Calg i
'L'_l'l Iy
{ii) CH-CH>-Cl{=CH: & CHy-C=CH:
|-Butene 2=-Methylpropenc
The classes of compounds that can usually show chain isomerism are
(i) Alkancs (ii) Alkencs (1ii) Alkynes

(2) Position Isomerism: . . B
The compounds that have same molecular formula but dilfer with respect to position of same

functional group on carbon chain. The classes of compounds that can show position isomerism are:

(i) Alkenes (ii) Alkyncs (iii) Alcchols (iv) Alkyl halides
(v) Amines (vi) Nitroalkanes (vii) Thio-aleohols  (viii) Cyano alkanes
CH=C-CH>-CH3 and CHy-C= C-CHs

1- Butyne Eaﬂuginr:

Pne H]
CH;-CH3z-CH>-Cl  and CHa i‘H-ﬂ
1-Chloropropanc 2- Chloroprapanc
i Group Isomerism: _ | |

5!'?;3::{:::::::::15 that ‘]‘mw: same molceular formula but differ with respect to functional
group arc called functional
The pair classes of compoun
. Alcohols and cthers 2. Al dike
Functional group isomers of C:lls &an
(i) CH3-CH»-0OH and  CHs-0-CH3

A Dimethyl ether

group iSomers.
ds that can show functional group isomerism are

dehydes and Ketones 3. Carboxylic acids and esters,

KET3

Ethyl alcohol
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O O
(i) CHy-CH:- Lu and a::m.g.cm
Propanal Propanonc

() Metamerism: g distributi
The compounds having same molecular formula but different distribution of Cartyg

atoms on cither side of same functional group.
The classes of compounds that can show metamerism arc: x
(1) cthers (2) ketones (3) esters | "
Metamers of CiH o0 . ?ﬂw
(i) CHyCH:z-O-CH:-CH;  and  CH3-O-CHz- CHz-CHs '
Dicthyl ethers Methyl n-propyl ether iy
Metamers of CsHioO H-”"w
'D D ‘,.'iﬂ'u'
I Il gl
(i) CHsCH2-C-CH»CHy  and "CHj-C-CHz- CHz-CHs .
Dicthyl Ketone Methyl n-propyl ketone o
(5) Tautomerism: el

The compounds which differ with respect to position of H-atom within the Same
molecule. These isomers are usually rapidly interconvertable with each other.

H H
| H,0 |
H:N—C—COOH +—= H,N'—C—CO0
I I
R R
Amino acid Zwilter ion

Note: tautomerism is also known as keto-enol isomerim

(2) GEOMETRIC (CIS-TRANS) ISOMERISM |

The compound having same molecular formula and structural formula but differ wi NS

respect to the position of identical groups in space,

Conditions to show geometric isomerism:

(i) There should be a double bond between the
position of groups become fixed due to rest

(i)  Two groups attached to the same carbon gt

L
wo carbon atoms. As a result, Q:
neted rotation, 'i:.,t

CHy  CH, oms must be different "'*iﬁ
\ ! H L
Ce \ CHs %
/ 1" Cm é |I¥!'Q;
H H ! 1 i
Cis  2-Bulene T“«lmﬂ'zl—n..:{ | F:Q.g
Cis isomer e %
An isomer in which identical groups g
a  a ‘ﬂrﬂ'ﬁs g snnlt
side is called cis isomer. eg. cis-2-Butene the double bond are on the
Trans isomer :
An isomer in which identical groups aerpeg " e i
. a IM: d i L] 2 1 ﬂ
called trans 1somer. ¢g. trans-2-Butene, ouble bond are on the opposile 5id
KETS - PREF BOOK ____.-ﬁf.’ R
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8« " H «
C=c cuc
- | i By CH;
Cis-1 Emmu-l-chloruprepm: Trans-1-Bromo-2-chloropropene

Homologous series

= 3 homologous senes
o They have same functional group
« Thev have same general formula

e« Thev have same characteristic reaction
+ They have different molecular formula
o They have different molecular weight
» Thbev have similar structure formula

| Skeletal Formula

Coadensed Structural Formula | Displayed Formala

(2) Sz=ple moleculzr formula: CsHiz | | ||

———— e b

(b) Szple strochurzal formula: (a) —C—'C—f—':-l:- W
CH:CH:)CH: ; A B B ,

FUNCTIONAL GROUP AND NOMENCLATURE OF ORGANIC COMPOUNDS -

FUNCTIONAL GROLF S -
An 2tom or 2 group of atoms or 2 double bond or 2 triple bond whose presence impans

specific properties to organic compounds is called a functional group.
Characteristics

* Each functional group defines an organic family.

They 2ce the chemically functional pars of molecules.
Ao anic compounds are known, but there are only a hundred of

* Although over seven million org
fnctional groups.
e } 118
= FREP BOOK ,
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Family

slrieiure of |
Funictional Group |

Simple Example

Fundlmtntn_ljnncﬂl of Organic Ch“mlt!ry

General Formuly

O,

AT . T

Containing only C-
Alkanc bonds e e
Contain no
_ functional group ) - —_—
Alkenc Ne-e? Clz = CH (fhene) Catize
o HC=CH CaHza2 e
Alkyne '; i (Ethyne or acctylenc)
|
" —(C=X CH;y-Cl CaH2a01 X
Halide I Methyl chloride
(X=F. ClBrl)
| Methyl al B
. _ yl alcohol
[ ] CH,-0-CH ]
Ether —{—0—{— i 3
I I Dimethyl ether (CaHzae1):0
Amine —(I."—H— CH’-NH_! Cal2a¢1NH2
1| Methyl amine il
S | CH; CN
Nitrile —C—Cm=N Methyl cyanide (or CaHzneiCN
| Ethanitrilc)
|
= : 0 CHiyNO: T
SINED i E Nitromethane CallzanNO:
) ji CH; - 5H
Thiol —C-si Methanc thiol CaHzaniSH
? {Methylthiol)
Carbonyl N Aldchydes, ketones, acids
ny ‘If - and derivalives of acids CaH2:0
9 il
Aldehyde +é : cH,-C-H Calz0
_ 7 (Acctaldchyde)
(]
0 Il
Kelone _J_E+ CH,~C-CII, CaH0
T Dimethyl ketone
{Acctone)
Carboxyli ¥ i
- i !r I . i X ® *
acid —4-':"0" f_:“! =C=01 Cn“,nﬂ_
i (Acctic acid)
O
: 'S il CaH2401COO Callanr
i —J[‘—{';-{j—{*— CH,-C~OCH, BHEEEEE
: _{(Mcthyl acctaie) _
KETS - PREP BOOK ’ 120
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Q
d amide . ._E-‘ Il Haeet CONH2
Acid annt { N, CH, -C- NH, CaHzasi
" (Acctamide)
i Q
Conia L I CrHizan COX
acd chloride % o CH,-C-C( -
L — (Acetyl chloride)
NOMENCLATURE

Selection of longest continuous carbon
chain

Selection of longest continuous carbon chain
containing double bond

"Spant numbering from where any branch is

Start numbering from where double bond is
nearest

“Write the position of substituent and write
the name of substituent alphabetically.
wse prefix di, tritetra if required

Write the position and name of substituent
alphabetically, use prefix di, tri tetra if required

Wrile the position of double bond of lower
carbon

- .
Write the name of root chain

Write the name of alkene according to number
of C-atoms

If there are more than one double bond present
then write position of each double bond and ene
is replaced with suffix diene, tricne and tetracne

clc.

CH,-CH, -CH, - CH -CH,
|
CH,

2- Methylpentane

CH, =CH, -:I:*H—-'I:H-CH,
HC CH,

2.3 - Dimethylpentane

CH,-CH,-CH,-CH -l‘.ifH-CH.
N = ]
]

3, 4-Dimethylheptanc

CH,-CH-CH, AFH-CH.-.
|

2-Bromo-4-chloropentane

1 Br
= CH
CH,~CH,-CH, - l‘ISH PTH ' 3-Bromo-2-chlorohexane.
Br Cl
e
-..._,m! ~— = — 121
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Unsaturated hvdrocarhons
*  Alkanes are said to be saturated hydroca
carbon atoms.
*  Alkencs and alkynes are v
carbon aloms.
*  The simplest alkenc is ethene  H:C=CH: kenes
* It is the first member of the homologous senes NI,

CaHam gaat. . .
e Alkynes contain one or more carbon — carbon triple bonds. Ethyne HC = CH is the gy

rbons as they contain only single bonds b“""h:g

nsaturated hydrocarbons: they contain multiple bonds betwee

N T WL W L Tes ‘-R"'\_

which have general formyg,

member of the homologous series of alkynes, which have the general formula Gtz ¥
No. of | Alkane Alkene Alkyl Group :’E‘ﬁ
C atoms rﬂrmuﬁ-: Name | Formula | Name | Formula | Name 7
| 1 | cH Methane CHy s ol |
2 C:Hs Ethane C;Hs | Ethene C2Hs Ethyl
3 CiHE FFCIPIIHI: CIH.F,. \ Prﬂpﬂﬂf 'L‘EHZ Flﬁp}l—‘
4 CiHio Butane CsHs Butene CaHs Buly]
5 CsHiz2 Pentane CsHuo Pentenc CsHn Pentyl e
n CeHza | Alkane | CiHaa | Alkenc | CoHzn | Alkyi(R) | O
Formula L) F'_-(,' Name ,
CH; = CH - CHa - CH; But-1-cne
CH>=CH-CH=CH: Buta-1, 3-diene
| CH,-CH,-CH=C-CH,
'L!'H. :'_—'."s’iclh}‘lp-r.n!—z—cnﬂ
H.C-C=CH Propyne
CH,-CH-CH,-CH,-C=CH =a
i
CH, 5-Methyl-1-hexyne
L - 'ir i ,ii, I,
I = ';'. IISLII-LIIL 3—Fﬂ-|“m1__‘i_:'rnc
M 3
HC == t].'l I-CH=Cll, J—Mﬂh?l‘lhpﬂntcn—ti—ync
. R ) s |
KETS - PREP BOOK — 12
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Fundamental Concepts of Organic Chemistry

Another type of molecule :;::CLD& LKANES:
fith a“[“'ﬂgl'_:rnly sp’ hybridized C and H atoms connected by
i ' ,ranngol 3 or : Ikancs
which are fairly comm more C atoms. These are the cycloa
(i) Nomenclature: onin the world of organic chemistry, both man-made and natural,
According to IUPAC system, cycloalk
name of the comesponding alkane ha

ancs with one ring are named by prefixing cyclo to the
ving the same number of carbon atoms as the ring. c.g.

O

Cyclopropane  Cyclobutane  Cyed
i yeiopentanc
‘umbered in such a way that the sum of numbers is kept minimum,

The substituents are 1
(X3
If the alicyclic hydrocarbon is unsaturated, the rules appli

- ' lied to alk for double bond
or alkynes (for triple bond) are used, e.g, pph enes (for double )

.
CH,

[y
i,
Miethyl 1.2-di =
Methy 2-dimethyl 1. 3-dimcthyl
cyelopropans cyclabutang eycloberane

Multiple bonds are given the lowest possible number.
NOMENCLATURE OF ALCOHOLS

Alcohal
| |
Aliphatic Aromatic
| H:OH
| |
Monohydric Polybhydric
Manmnitol

ﬂ].l'ﬂ.':l'l:ll ﬂm:.l alcodul

J | I

P°Alcohol S°Alcohol T Alcohol
a Ry i Rs a
e o
R-CH;OH CHOH R: —C-OH
R: ~ Ry =
* They can be regarded as alkanes in which onc H atom is replaced by a — OH group and

are often called the alkanols.
* The names are arrived at by adapting the name of the parent alkane by changing the

terminal ane to - ol.

I I. ]'.1{_ "ﬁ,l ame |'"|'H'I'I1H|:| I l"}'lt{.‘ .‘\';. e
Methanol CsHyOH Butanol
Ethanol CsHuOH Pentanol
Propanol CeHiyOH Hexanol
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m‘m 'f
Polvhydric Alcohaol f‘

: Dihydric (
Pnmary y CHy — CHa
kI | |
{ !
)\ OH OH *
oo Ethane-1,2-diol :
Trihydric &
; nhydn
Hesaing CH; — CH — CH; .
R N )
Y L l I
i OH OH OH
ROl Propane-1,2,3-triol (glycerol) w
Tertiary Tetrahydric BT y
T — — — ] -!r"l'E
2 R CH; — CH — CH— CH: fér"
4 I I £~
N OH OH OH OH ,}f;:--
Butane-1,2,3,4-tetraol | i,ﬁ-—-
NOMENCLATURE OF HALOALKANES -
Monohaloalkanes are named as alkyl halides while polyhalo derivative of alkanes arc known s
haloalkanes. _ﬂ“
Alky] halides .1 - |
a) Common Names: i
Alkyl halides (monohaloalkanes) are named according to the nature of the alkyl grosp® g ;
which halogen atom 1s attached. h;;
Example: 3
CH»—C1 CHs»—CH>—Br CHy—CH3—CH>—Br i
Methyl chloride Ethyl bromide n-Propyl bromide -
HiC :q"“‘
CH—CH>—Cl CHy—CH»—CH;—CH>—Cl ~
H:C sd*l
Isobutyl chlonde n-Butyl : Y
b) IUPAC Nomenclature: ¥l chloride ’f{t
The systematic names given to alkyl halide follow the underlying rules " B

e Select the longest continuous carbon chain and

derived from this structure,

» Number the carbon atoms in chain so that the
(F.C1,Br,lI) gets the lowest possible number,

CHy—CH:>—CH—CH;

I
X

2-Halobutlane

consider the compound to have bec?

carbon alom cuntnining the functional E'D"F

-

o Ifthe same alkyl substituent occurs morg g,
an i : ' o
on are used before the name of alky] — once in the chain, the prefix di, 1

]

;Iﬂ'“ﬂ

KETS - PREP BOOK
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, The position of the substituent g

commas. 1 the same substiuen; :

—-—.E“_"_d“_“_"ﬂ"lll Concepts of ﬂlganic CE:mistE_

indicated by the appropriate numbers scparated by
ccurs twice on the same carbon atom, the number 15

repeated.
o
y x | Ha
CHy—CH:—CHa—q) éH,_f‘_'H=-—;Z‘H:
-~ |
1-Chiloro e Ll
propane | -Rromo-3-methylbutane
] & o - -
CH .-_;l'-u—::l = CH:—CH—CH, CHy—CH—CHs
CHs El'l l:.l.'H: ‘:l'E
2-Chlore-5-methylhexane 1-Chloro-2-methylpropane
Ethers
Common Names , m_
CH.OCH: Dimethyl ether Methoxy methane
CH:0C2Hs Methyl ethyl ether Methoxy ethane
C-H«0C2Hs Diethyl ether Ethoxy ethane
CH;O0CsHs Methyl phenyl ether {Anisole) | Methoxy benzene
Aldehydes |

| The common names of aldehydes are obtained
| from the common names of carboxylic acids

| containing the same number of carbon atoms.
The ending —ic acid in the common name of
the acid is replaced by the word aldchyde.

IUPAC rule .

« Select longest chain containing ~CHO
group

o C of aldehyde will get number 1 which is
usually not written

s Write down the position of substituent and
name alphabetically

» Replace the “e" of alkane by “al”™

Ketones

* Write alkyl group alphabetically followed
by the name ketone.

* Ifboth groups are same then prefix diis
used before the name of alkyl group

* If both alkyl groups are different called
unsymmetric or mixed ketones.

[ IPACrule ..
s Select longest chain containing carbonyl
group

Start numbering with least number to C

of carbonyl group.

Write down position and name of

Substituent alphabetically

The position of carbonyl group is

prefixed to the alkanone

Replace the “e™ of alkane with “onc™

/

TS - FREP BOOK
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NOMENCLATURE OF CARBOXYLIC ACIDS

.* Organic compounds containing ~-COOH as a functional group (carb from carbonyl ang e

oxy1 from hydroxyl). I

*  Their general formula is R-COOH '

Formula IUPAC Name ° .. Common Name '

e

- Dicarboxylic acids

-

Aromatic acid

12 CeHsCOOH Benzoic acid Benzenecarboxylic acid

KETS - PREP BOOK
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i HCGDI Metli;ln{:il:. acid Formic acid '

2 CH:COOH Ethanoic acid &ccéié: acid '

| 3 E‘H;C‘I;h{' O0H lgfnpnnnic acid Fm;;innic acid :
- ; = i

4 CH3(CH2);COOH Butanoic acid Butyric acid ‘ '

3 CH3(CH32):COOH Pentanoic acid Valeric acid :

| Caproic acid

6 CH3(CH2);COOH Hexanoic acid .

'

[

7 HOOCCOOH Ethanedioic acid | Oxalic acid
8 HOOC(CH2)COOH Propanedioic acid Malonic acid
9 HOOC{CH:):CO0OH Butanedioic acid Succinic acid .
10 HOOC{CH:):COOH Pentanedioic acid Glutaric acid
11 HOOC(CHa)4COOH Hexanedioic acid Adipic acid

3
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. Dthﬂf}h“ F;-cc radical mechanism
Describe the mechanism of free

and cthane
Structure and reactivity of alken

p:fgmim: and Termination)
ulion in alkanes examplified by methane

radical substjt

&5 as examplified by ethene,

Explain dehydration of aleohgls .
: ' ethene and dehydrohalogenation of R — X for the preparation of
# Dl.!SC[’ibE thﬂ ]}H:]]arﬂ[iﬂn ui" ﬂ!k

¥nes using elimination reactions

L Discuss th chemisry af g e O S8 and i C— C bond

: Describe acidity of alkynes, 71163 By Bydrogenation, hydrohalogenation, hydration,

- Compare the reactivity of alkynes with alkanes, alkenes and arenes

L Deseribe and differentiate between substitution and addition reactions

. chzll:-nel: Properties, Structure, Modem representation, Resonance method, Electrophilic
substitution '

' The molecular orbital treatment of benzene

Describe the mechanism of clectrophilic substitution in benzene
0 " CHEMISTRY OF ALKANES i
Radical Substitution Reactions
o Substitution of R-H by X provides the alkyl halide, R-X and HX.
o Alkane R-H relative reactivity order: 3° > 29 > 1° > methyl.

o Halogen reactivity F2 > Clz > Br2 > 2.
o
o

Only chlorination and bromination are uselul in the laboratory.
_Reaction proceeds via free radical chain mechanism.
JTHEMECHANISMOE FREE.RADICAL SUBSTITULION-REACTION: .

hv o
ClHs + Cla —_ CHyCI = JIC]
b Sletbyl cllbonde
CILCI+ Cl: —— CH:C: + 1IC
I Methylene chlamnde
Cl=Cls + Cls — ClICH, + 11Tl
. Chloeoform
Il- -
CHC s + Cls -1—* CCL + HCI
Carboa tctiachlodsds
Mechanism:
(i) Initiation step: _
Claell Sl:lllh,i__*,hl: cr+cr
Chlorine Chlorine free
molocule radicals

(ii) Propagation step: o )
{2} CHp~H+Clj=—— CH, + HCI

............ wlfn}ll rm
o ]
(b [CH, + Clafs-Cl ——>CH—CI + ClI
e = dethyl Chlaring
Chbkoride free radical 7
127
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(lii)Termination step:
*CHj + CI* — CH)—Cl
Methyl chlonde
Points to Remember: _
The following facts must be accommodated by any reasonable mechanism for the
halogenation reaction.
© The reactivity of the halogens decreases in the following order: F2 > Cla > Bra > _|:. '
© We shall confine our attention to chlorine and bromine, since fluonne is so vigorously
reactive and it is difficull to control, and iodine is generally unreactive.
o Chlonination and bromination are normally exothermic. _
© Encrgy input in the form of heat or light is necessary to initia’ these halogenations.
o Iflight is used to initiate halogenation, thousands of molecules react for cach photon of
light absorbed.
© Inhibiters: Halogenation reactions may be conducted in either the gascous or liquid :
phase. '
© Facilitators: In gas phase chlonination the presence of oxygen (a radical trap) inhibits the :
mEsChon.
In liquid phase halogenation radical initiators such as peroxides facilitate the reaction. |
Mechanism of the chlorination of ethane
Step 1: }
A chlorine molecule undergoes hemolytic fission in the wresence of ultraviolet light to
give chlorine free radicals. C1 —Cl =242 kI mol™; C — H = 435 kJ mol?!
Cl, —:ML;EC 1*

- =

Step 2:
A chionine free radical attacks the methane molecule to give methyl free radical and HCL |
CI* + H—CH3y —— HCI +*CHj '

Step 3:
Above chain comes to an end, when any two free radicals combine to form stable ) | !
products.
Cl*+ CI* —— Cl- ) l
"CHj+*CHy —— CaHs |

~ CHs*+CI CH;Cl
CHEMISTRY OF ALKENES

_ PREPARATION OF ALKENES

Preparation of alkenes

_ Removal of hydrogen and halogen from two adjacent carbon
Dehydrohalogenation aloms is called dehydrohalogenation,
¥ Removal of water molecule is called dehydration
Dehydration of alcohol ¥ Tendency of dehydration is as givén below.
Tertiary alcohol > Secondary alcoliol > Primary aleohol

Dehalogenation of Vie- Removal of halogen is called dehalogenation

dihalide

Kolbe's electrolysis of Salis "r“:t“,r“""’d dicarboxylic acid arc subjected 1o

dicarboxylic acid salts electrolysis in an aqueous solution and alkenes are formed B
KETS - PREP BOOK ﬂ—’i

N

Scanned with CamScann



F et

2 .,
.. i .-'.#

~ ﬁ

m—

A AWA MWW

NN

\ Tﬂpdeelﬂ

Genera

- —_— Chemistry of Hydrocarbons
.ral methods of preparation - —_—

(i) Dehydration of alcohols
Alcohols can be dehydraied int
dehydrating reagents. The best
(1) Cone. H,50,
All these dehydrating reagents operale at

the presence of certain catalysts. The catalysts arc called
iﬂh}'ﬂmlmg rcagents are
(i) Alz Oy (iii) P20 or HyPOy
clevated temperature.
R=CH, -CH, -OH— 2R -CH =CH, +H,0

Alcohol An Alkene
CH, -CH, ~CH, -OH —2__,CH,-CH =CH, +H,0
= Propanol Propene

The order of reactivity of these alcohols is as follows
3* alcohol > 22 alcohol > 1%alcohol

Boa ey,
R=—{ I'l:—ll;ll,w R—UH,=CH. + HL
~OH
Primary alcobol

P« P —
R—CH—C11,— CH, T 0% R—CH = CH—C1L, + 11O
i

Scoondary alcohol
|§'.I'_'H. H,
R_‘i_-_uﬂﬂip R{ ' HO

30
H

T!.ﬂ;:l.lj‘ alcohol
(ii) Dehydrohalogenation of alkyl halide _ _ .
o Alkyl halides on heating with alcoholic potassium hydroxide undergo
dehydrohalogenation. . |
o Elimination of a halogen atom from the a-carbon together with a hydrogen atom from

adjacent P-carbon atoms. ‘ _ |
o TI;-IE product obtained halogen acid reacts with KOH to give salt and water.
ale KOII

R—M—.rﬁ—fll-ﬁ Cill. v 11X

Alkyl halide ‘
11X + KOl ——=KX 110

(iii)Dehalogenation of Vic-Dihalides
ClHOH
—CH = CH: + ZnXa
R—CH —CH: + Zn — R e
I I

ﬁ'i']ll.{nlbf's E I:il'ﬂl} tic Method (Electrolysis of salts of dicarboxylic acids)
CH: - COONa o dewshis oy 2C0x+ 2NaOH + Ha + CHy=CH>
| + 200 —

CH: - COONa

Disodium succinate B 129
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(v} Partial Hydrogenation of Alkynes R
R
Pd{laS0y) N 7.
R=CEC—~R + Hi ——— ,:{ ?"_-4- C=Cx
Cuinoline H 4
ciz-Alkene
H I
Marliquid NH b ’
ar . .
R=CEC=R#H] ————  C=Cy
C s H
Structure: e a _ -
The carbon atoms linked through s-bond are sp® hybridized. Therefore, each atom carries
three sp*-hybrids and one p-orbital. The p-orbital overlap to form n-bond and hybrid
orbitals form a-bonds due io linear overlap.
O =0 =
O =0 /="
The carbon-carbon distance in ethene is shorter (1,34A) than the C-C bond distance of
ethane (1.54A). It is due to increased electron den sity between carbon atoms.
e @ {:
f} Sangha brond \ Doubée band
Carbon atoms are coplanar, and the rotation of one C-atom with respect to other is
restricted which resulls in cis-trans isomerism in alkene,
ADDITION REACTIONS
Catalytic hydrogenation
o Addition of hydrogen molecule to an unsaturated compound in the presence of catalyst an
moderate pressure to give a saturated compound,
o The catal}..rsts which are mostly employed are platinum, palladium and Raney nickel
© Raney nickel is prepared by ireating an alloy of Ni and Al with caustic soda. It functions
better at about 100°C and 3atm pressure.
Ni=Al + NaOH + H,0—— Ni + NaAlO, + 1H,
17 5
© Hydrogenation is an exothermic process
CH,=CH, +H, - e ==»CH, - CH,
Ethene Ethane
Halogenation
o Alkenes react with halogens to give dihaloalkanes {vicinal dihalides)
© The solvent used in the halogenation is inent, like CCl, '
© This reaction happens at room temperature,
o Halogen attack at the double bond in the form of electrophiles.
© The order of case of addition of halogen in an alkene is
F2>Cla>Bn>1, :
KETS - PREF BOOK 130 !..&
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'#.—-—_ wﬂﬂw of Hfd.'l'ﬂl:
,..-‘-‘"I';j; does not react with alkenes, — - —
The reddish brown colour of Br: in thi T . ,
a " n ““5 reachion H £, w 0
verify the presence of carbon - carbop double bond iﬁ ;:Z:f,jj::mi‘m Rip i

Reaction
I> c/” 1|'{ Ili
:-‘: +H':H“-— Y e
| \“ fl- (l. "
Br Br
o Ethene L 2-Dibsomocthune
Mechanism
Addition of halogen in alkene is two step mechanism
Step-1
I-I>C : JH] ﬁ "
=L, 1Br—Br——CH,—CH, | Br
H A \C /S
Br
Ethene Bromonium ion
Step-2
Br~ acts as nucleophile

H Br
¥ | |

\{/

Br' Br H
Bromonium ion 1,2-Dibromoethane
Hydration of alkenes (Addition of sulphuric acid)
o When alkenes are treated with cold concentrated sulphuric acid, they are dissolved

because they form alkyl hydrogen sulphate. | |
o Alkyl hydrogen sulphates on boiling with water decompose to give comresponding

alcohols.
o This reaction can be used 1o convert alkenes into alcohols.

o If 10% H2S0s is used, then alcohols are produced directly
Reactions o ”

, , y) . ]
13_' -/zj[—:*i—ﬂ—% —{}—H— ll—fil‘—il '—:'J-%—n— H
H '(:E __,,»'/ () H 1Ii () .

Bl Ethyl hydrogen sulplate
CHJ —CHE —G-SDJH%}CH} _EHI -DH +H:5EI
Ethyl alcohol
Reaction with HBr with special reference to Markownikov's rule i
o Alkenes react with dry gaseous hydrogen halides to form alkyl halides.
© The order of reactivity of halogen acids is HI > HBr > HCI.
o Reaction mechanism involves carbocation formation.

B 131
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Reaction

= Tl X—" n—-(l'll-L'IL
X
Mechanism
Step-1 Formation of ﬂrhuﬂllu:r‘lﬁ Ill
l ' - I - ! -
>.4I o = K '}'-ti--lh."i
I AT W
Larboscation
Step-2 Attack of nucleophile

S — s

I 11
Markownikov's rule

“In the addition of an unsymmetrical reagent to an unsymmetrical alkene, the negative

part of the adding reagent goes to that carbon, constituting the double bond, which has
least number of hydrogen atoms.”

© Markownikov's rule is implemented on asymmetric alkenes.
~—hH,'-':—(; I I—t;l 1
'":1{- CH| Bl‘

1 -Bromo-2-methylpropane
"J'er* HBr—+  (Not formed)

H,
—l-H.{"—{IE:;H —{'H,
l3r
2-Bromo-2-methylpropane
(Actual product)
OXIDATION REACTIONS
Addition of oxygen

- -
CH>=CH;+ “0- Azl ‘C\\

—_— ] (]

300°C H:C.,-'"""
Ethylene epoxide
o Epoxides serve as the starting substances for the industrial production of glycols.
Hydroxylation

(i) Using cold alkaline or acidic KMn0Qy (Baeyer’s reagent)
© Thisis also known as hydroxylation of alkene.

Dilute 1% alkaline KMnO4 solution is called Bacyer's reagent.
The pink colour of KMn(Os solution is discharged during the reaction.

Thlls.rumimmbcmndtnﬂmckuwpr:sm:-:nrmhun—urb-mduuhlcbmﬂiﬂl
molecule.

o 00

IC=C, +2KMa0), = 1.0 .t-‘]'ll,.—tl'lln N0, + K01

il on
Lihylene glycol
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Chemistry of Hydrocarbons
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(i) Using !1_n1l jnnc-illirnteni Tll.Eil“E' or alkaline KMnO4 (Oxidative Cleavage)
o Alkencs when heated with alkaling KMnO4 are eleaved at the double bond to form
carboxylie aculs, aved at the double

o Carboxylic acids are

formed from oxidative cleavage of alkene.
R-CH=CH-R + 40] Lo 5peooi

Symmetrical alkene Carboxylic acid

H_.,l:'— CH=CH _"':H; ,'_41[)] tuujﬂ, ] ECH,CGGH
2 = Butene
(3) Combustions

Ethanoicacid

CH, =CH, +30,—= ,2C0, + 2H,0 + Heal
(4) Ozonolysis

, 0 — CH:
CH:=CH;+0Qy —2ler , | ::n
0O = CH; )
0 = CHan, Ethylene ezonde
/D +2H0 —* 2H—CHO =+ 2H:0:

QO — CH;

11:0:4 Zpn —* Zn0 - H:0

o Ozonolysis is used to locate the position of double bond in an alkene.
Polymerization:
In this process small organic molecules (monomers) combine together to form larger
molecules known as polymers.
Ethene at 400"C and 100 atm pressure, polymenze to polythene or polyethylene.

400°C
n CHax= CHa 100 atm pressure -[-CHz = CH3z-)a
Polyethylene
Traces of O:(0.1%)

A good quality polythene is obtained, when cthene is polymerized in the presence of
aluminium tricthyl Al (C2Hs)s and titanium tetrachlonde catalysts (TiCls). )
T T PHYSICAL PROPERTIES OF ALKANES AND ALKENES

- Alkancs

¥ Alkanes containing ¥ First three members i.e ethene, propene and
—{(1-Cy colourless and odourless pases butene are gases at room temperature while
—(s-Cy7 colourless and odourless liquids Cs 1o Cys are liquids and the hagher
—Cyx.onwards colourless and odourless members are solids
waxy solids ¥ They are insoluble in water but soluble in
] B‘:ing nun'[’ﬂlﬂl they arc insoluble in alcohol L
water but soluble in non-polar solvents b They I|:.1'|.r‘|.' characteristic smell and bum
b Physical constants T Number of carbon 'H"r'i“? luminous flame
Sl T » Unlike _ulkun-.-s. they _sl:vu:w wuflklly Enlur
> Solubility | Molccular mass i propertics because of sp™ hybridization

e
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Q1 Cellw is a hydrocarbon, with physical properties |
A. Colourless, odourless solid B. Liquid with charactenstic smell
C. Soluble in polar solvent D. Solid with no odour

PREPARATION OF ALKYNES BY ELIMINATION REACTIONS
Alkynes can be prepared by the following methods:
(i) Elimination rcaction
(i) Alkylation of sodium acetylide
But we discuss here only climination reactions.
(i) Elimination of Hydrogen Halide (Dehydrohalogenation): |
Alkynes can be prepared by dehydrohalogenation of vicinal and geminal dihalides in the
presence of some alkaline reagents.
(2) Dehydrohalogenation of vicinal dihalides:
Strong base like alcoholic potassium hydroxide climinates two molecules of hydrogen
halides from vicinal dihalides forming an alkyne. ‘
Reaction:

r r
i‘ll_.—il-l, + TKOH, ——— CH==CH + 2KGr+ 20,0
Stepwise:

| Br . ]
' H+ KOH_ ——— j.'ﬂ—' H = KBr= HD
o —
iBr M§

[—
g_ll Br}

(i)

(ii)

| H=CH + KOH_. »CH==CH + KBr + 1L,O
(1)  Dchalogenation of Tetrahalides:
Tetra haloalkanes on treatment with active metals like In M -
et o ,» Mg ete. form alkynes. l
Br Br
| I
CH—CH + 2Zn ——+ CH = CH + 2ZnBr»

| I
Br Br

Stepwise: This reaction actually takes place in two steps.

-y

CH + ZnDr,

|
!
i
|

——* CH==CH + ZnBr, '

b

EU

A
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The two carbons of acetylene

tlap. The

overlap with two p-orbityls g other carbon
arbon fo

clectrons is present cylj,
Rotation about carbon-¢

electron density. It is a lineqr molecule, and
B |

(i) Solubility:
In general, alkynes are non-polar and
orgamc solvents.

(ii) Color and odour:

hond due 1o sp-sp orbitals m,ﬂwky"“} Are sp-hybridized. They are linked by a sigma
' unhybridized two p-orbitals on one carbon
, form two pi-bonds. The cloud of pi-
d : 2l o P . P
ar;inf:l-l '_}: S¥Ymmelrical about the carbon-carbon sigma-bond.
S1ema bond does not cause any change in encrgzy and
henee geometrical isomer is not observed in it.

are insoluble in water but soluble in non-polar

They are colourless, odourless except acetylene which has a garlic like odour.

(iii)Melting point, boiling point and densities:

The melting points, boiling points and densities increases gradually with the increase in

molecular masses.
(iv)Physical state:

The first three members carbon alkynes (C3-Cy) arc gases. The next eight members (Cs-

Ci2) are liquids and higher members are solids at room temperature.
Reactivity

Acetylene (alkync) is an unsaturated hydrocarbon and shows addition reactions. It also
undergoes substitute reactions due to easy cleavage of C-H bond. The pi-electrons are
cylindrically symmetrical about carbon-carbon sigma bond and the removal of terminal
hydrogen is possible without disturbing carbon-carbon bonding, Therefore, electrophile

substitute reactions are possible in 1-alkynes.
ADDITION REACTIONS OF ALKEYNES

(i) The high electron density of the pi bonds makes them nucleophile.

(i) Alkynes undergo addition reactions in an analogous fashion to those of alkenes.

(iif) Two factors influence the relative reactivity of alkynes compared to alkenes:

(iv)Increased nucleophilicity of the starting pi system
(v) Stability of any intermediates (for example carbocations)

Hydrogenation:

Alkynes react with hydrogen gas in the presence of suitable catalysts like finely divided
Ni, Pt or Pd. In the first step alkencs arc formed which them take up another molecule of

h}'dmgc'n to form an alkane.
M1
| —= | ——r HEG: CH
HC.—EH - H]l Il:a,| F
Ethyne Ethene

CHy==CH; * H; TPL" HyC—CH,
cal

Eihene Fithane
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Dissolving Metal reduction as Addition of hydrogen: — . o ¥ g

Alkynes :E_n be nduc:;mufmmaih:n:s using Na in NH:F':;]&::;;:IS reaction is | ?

stercospecific giving only the frans-alkene through an anit 86¢ 07 ) )

The ﬂﬂm':hr:::uis:qf ;.l‘tl::ris reaction complements that of catalytic hﬂmsﬁﬂlmu; The f

reaction proceeds through single clectron transfer from the Na h:rltl:ﬂl;li c;rflmrgm from the |

NH). These reaction conditions do not reduce alkenes, hmmrti product 1s the alkene

K Y —
CcsC-2[H)}—=mm S5

CTEIL] s ;
H jxﬂ'ﬂi
Hydrohalogenation: , i _ :

Alkynes react with hydrogen chloride and hydrogen bromide to form dihaloalkenes. The i;ﬂ
reaction occurs in accordance with Markownikov's rule.

CH——c+H — H; G ==CHBr
Vinyl bromide H
B
MG CH + B Markownikov's, H;C—CH
Br ;-Halﬂ
Br 1,1-Dibwomoethane
Hydration:
Water adds to acetylene in the presence of mercuric sulphate dissolved in sulphuric acid at 75°C. _
HE=CH + H—OH — LS04 3 H;C==CHOH i
4 Vinyl alcohol Zrvie

Vinyl alcohol is unstable. It has the hydroxyl group attached to a doubly bonded carbon kg

atom and isomerizes l-:-‘ac'cl?ldch‘-.rde- Except acetylene all others alkynes give ketones. |

This reaction is industrially important because aldehydes can be prepared by this method &h:h:
f—n 1

HP=H p— u,c—ﬁ—u F

Mg Lbices T —

iy
CHy=——CEECm =10 {:‘;E'—- HC—C—ni, =2 HC—C—in,
. 4

G 1 ~

_ Attty | b g

~ ACIDITY OF TERMINAL Al KYNES ~ °

In ethyne and other terminal alkynes like propyne |h e . - Oy
. - » the en at to the

carbon atoms with sp-s overlap. As sp hybrid orbital hasfgurzf H?,;r;::szﬁl":{g:n; bors | l’h‘

H—-EEE_E;HS + %qi
N\

k-C2CiH 2, R cacr p_y \
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Examples: ’ - — —

i) When l-alkyn hvee _

o molten sndi:::] ﬂ‘:;:h}'.';" 15 treated with sodamide in liquid ammonia or passed over
valuable T'E"-'Em'i‘l_ for }T:‘ ‘35 Or acetylides are obtained. Sodium acetylide is a very
| o T ehemical synthesis and is essentially ionic in nature.

E-_"E EEH # E"'HHHE Im HHJ =

n

-
R——C==CHNa + NH,

Disodium acelylide

(i) Acetylides of copper and sjlver are obtained by passing acetylenc in the ammonical

solution of cuprous chloride and silver nj

HC==cH + 2AgNO, trate respectively.

* 2NH,OH ———n0, AQC==Cag + 2NH,NO; + ZH;0

Disitver acatylide or silver
— . ethynide, (white ppt.)
HC==CH + Cu,Cy; » 20H,0H * CUCE=CCu+ ZNH,Cl + 2H,0
Dicopper acelylide or copper

_ elhynide (Reddish brown)

Silver and copper acetylides react with acids to regenerate alkynes.
AgC==Cag + dil. H;30, ¥ CH==CH + Ag,50,
AgC==Chyg + di, HNO, ¢ HC==CH + 2AgNO,

These alkynides are used for the preparation, puri fication separation, and identification of alkynes.
similar whether in the gas phase or solution phase.
Reactions of organic compounds

Types of Reactions

The reactions of organic compounds fall into four classes. These are listed below.
Substitution

An atom or group of atoms replaces another, e.g. in hydrolysis.

CaHsCl + OH  — C:HsOH + CI

Chloroethane + Hydroxide ion — Ethanol + Chloride ion

Addition

Two molecules react 1o form one:

Br: + CHa = CHx — BrCH:CH:Br
Bromine + Ethenc — 1,2-Dibromoethanc
Elimination

One molecule reacts to form more than one:
C:HsOH — CaH4 + H20

Ethanol — Ethene + Walter
Rearrangement

One molecule reacts to give different molecule
CHy;- CH-CH =CH == CH;-CH=CH - CH:-Cl

[
cl

3 - Chlorobut — | = ene == | = Chlorobut =2 - cne

e
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BENZENE I##
T STABILITY OF,STRUCTURE OF BE u ﬁﬂ
The stability of benzene . of elect
o The ﬂ‘l.'fillll? of benzene is duc o lh'I-"r ﬂ'?‘bi'::f__:zlmhmtmn ron cloud, The f,
delocalized clectrons increase the stability o g =1 19.5kJ/,
o Heat of hydrogenation of cyclohexene and | . '—l"""hcmdmnc I kl/mole ang .

231.5 klmole respectively
© Due to the phenomenon of resonance
benzene is lcss::r -208k)/mole) t,ha“ L

and resonance cncrgy, the heat of hyﬂmﬂ“lm 3
hat of 1,3,5-C clohexatnenc.

| Cyclohexene 1,3-Cyclohexadiene Cyclohexatriene :-I'ﬂﬂﬁ,Ii
Expected hydrogenation _119.5 kJmol! | 2239 kJ mol! -358.5 kJ mol" ::;{
energy | [
;,1"; hydrogenation |9 < ol -231.5 kJ mol! -208kJmol' | ¥
Resonance energy 0.0 | 7.5 kJ mol”’ 1505 kJ mol™ |

Kekule's Structure
b Planar hexagonal structure of benzene containing three double bond altemate to single el
bond 3
» Kekule's structure gives only one mono substituted benzene
» It gives three disubstituted benzene isomeric products i-e ortho, meta, para.
» As benzene adds three molecules of hydrogen and chlornine.
Objection
Kekule's structure favours the unsaturation of benzenc while benzene acts as saturated
hydrocarbon in most of the reactions. Hiomi;

The resonance method 7 Al & = ‘N EE

Resonance
The possibility of different pairing schemes X-ray studies of benzene structure
b DBenzene is hexagonal structural

of wvalence eclectrons of atoms is ecalled

resonance and the differemt structures thus compound
arranged are called resonance structures., P C-C-H and C-C-C bond angle 5
o Different Lewis structures are called 120°

» Bond length of C-C bond is 1. 3974
¥ Bond length of C-H bond is 109" |}
lI (A

—r i, &
B! N

resonance  contributing  structures  or
canonical forms.

© The resonance structures arc represented by
(¢*) double headed amow

o Dewar is the scientist, who gave the

: ) —
concepls of para bonds in structure of

benzene. But his structure conlributes very e R
little in prediction of actual structure of 51*5@![
o Kekule's structure of benzene ! :"1.
(alternate double bonds in planar : ‘EJ
hexagonal ring) contributed more in b
prediction of actual structure of benzene, | \
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o Bond Imu_.-.th? in hydrocarbon Sibii s ,
o Bond length in C-C in benzene [I.EW,::IE |
that it is in between single and double humlm

o Dueio fact of bond length, it w ,
that actual =

structure of hcm'lm-: will be hybrid of Kekule's and Dewar’s structures.

6 : - 2 : - : :
@ © @ — PR _Nature of hond | Bond lenzth
, s C-C 1.54 A°
] .
. . € d o
- J

C=C | 134A°
S S C=C 120 A°
Kelades shooctwres e "C-C in benzene | 1.397A°

Molecular orbital treatment:
Thus cach C-atom is in a state of sp™hybridization beeuse each C-atom is attached to

three atoms.
losd Combination of such six structures and overlap of six hydrogen atoms (1s') produces the
' sigma framework of benzene.

Six atomic p-orbitals one on each C-atom, are present perpendicular to this sigma
bonding. Each p-orbital is in a position to overlap in parallel manners with neighbouring
p-orbitals to give a continuous sheath of negative charges.

) It results in extensive delocalized pi-bonding which spreads over all the carbon nuclei of
ik ¥ benzene. Delocalization of p-orbitals over the entire ring produces sandwich like
ik structure of benzene and decrcascs the encrgy of molecule. Consequently, the molecule

becomes more stable and less reactive. _
According to this molecular orbital picture cach carbon-carbon bond in benzene consists

.o bond and half a pi-bond. Because of this reason, the carbon-carbon
:zE:T;lflim e:.::i J.'II'I-I: benzene shows substitution as well as addition reactions.

Modern representation of benzene: Jude benzens has '
With the hclppnl'mulmlm‘prﬁiqml bd—‘“"'“m:;ﬁl nltﬂmicﬂhlnuﬂ-si ngJ:II EELﬂlﬂrilﬂagmmt
/| sructure with an inscribed Grcle, 4 REXCET o

O-0-0
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The number of pi bonds in benzene is: . i .
A Three localized pi bonds B. Thros {!-::Im:dil.-'.c::ll 1 bongs
C. Six localized pi bonds D. Six delocalized pi bonds

The species which are electron deficient called electrophiles. N ,I

© Presence of delocalized clectrons in benzene increases the stability of benzene, so very
strong clectrophile is required for attacking purpose.
(1) Nitration _
The introduction of nitro group (NO2) in benzene ring is called nitration of benzene,

© The nitration takes place when it is heated with 1: 1 mixture of concentrayy i
HNO3 and concentrated H2S50;3 at 50-55°C.

© Sulphuric acid reacts with nitric acid to generate nitronium ion NO;'

Reaction
NG,
@ + HIND = @l 1LY #L,[
Mechanism ' 80
HONO, + H,50, === NO; + HS0;' + H.0 sn
0% ND, jm;
i _ L. i ﬂ‘r“
+ NO! ds

NG = Slow g H + ”"{) viy]
NO, - N, e T

x""':_ I ;:\”‘_ Fasi ; f

- H SO —— + H,S0,

Nitrobenzene

(2) Halogenation (Chlorination and I:umm{nati:]n]l? EHetIc Sy

The introduction of halogen group in benzene ring
o Benzene reacts with halogen in presence of eatal
o Chlorination and bromination are

15 called halogenation of beneene.
yst Lewis acid like FeBry , AICH ele.
normal; reactions but fluorination is oo vigorous 1

control.
o lodination gives poor yield,
Reaction
@ + ) _'il._,._@’m ) ]’%
J + HCI
fllhiil‘l.‘l-l:q_'“,.l,;.n,_-. ::l'ill;
lir T" B
@ ) |I:_—"—‘i,®/ . e Lﬁ‘r
| L b v
Mechanism ronobenzene

Cl, + FeCl, —— ¢ +FeCl-
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“ 1
O — Q-
FeCl, +H° Y
HCl + FeCl,
benzene |
when alkyl 15 Ureated with ﬂhhhm: or bromine in the presence of sunlight, only alkyl groups arc

aubstituted.
i, | . I
| :I L N L e T @ : Nc

. Boenesyl ehiloride
e,
" RIS [T T
@ ' O, ] [ &

Renzoal chiloride

e, : Cl
i ‘..-ll .""Fllilllul . e

Beneotrichloride

(3) FR[EDEI#ERA.FT'S REACTIONS

The substitution of hydrogen of benzene ring by an alkyl, aryl or acyl s called
Friedel-Craft’s reactions. yl, aryl or acyl group is ca

1:h|: E?Iiﬂ}'ﬁt uscd in Friedel-Craft’s reactions are Lewis acids like AICI;, BF; etc.
(i) Friedel-Cralt’s Alkylation

When alkyl chlorides are treated with benzene in the presence of AICI; then alkylation
takes place. The product obtained is alkyl benzene.

Reaction
R
O- H— ILQ +1X

R - Cl+ AICl, —— AICI, +R"’

O =0
@Imﬂ—' # HCT+ANCT,

(ii) Friedel-Craft’s Acylation ‘
When acyl chloride is treated with hu:_rmm: in the presence of AIC]; then acylation takes
place. The product obtained is aromatic ketone.

Mechanism

Reaction
'l' -1
E} - 40 = —11——*0) . 1K
Fahamoy] chilorids .-‘lu:-ﬂq'nl-n.-rh.
et L 1|
@ v{II.-'HI— —t ILII—*O} » 1K1
Propanoyl chlorib: Lthy ipheny] ketone
e
/ - 4
=
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e — —_— — . ﬂ"‘
Mechanism aF |
y o IprIL,511

() ¥

R—C=U1 1AIC), —» R—C" + AICT, £

(] '-.'v g

0 ' I

Ol
I’I_H -1
|!.- 4 -"I.lii —Pg e 1T = ARCT

. REACTION _ ELECTRGPH:EE‘?:':%;-T
| L'I';L!cal:un CI+|[Lht:um ion) -
Sulphonation SOi(S ui;jhur trioxide)
Nitration NO: (Nitronium ion)
Alkylation ) R* (Carbucation)
Acylation RC"0 (Acyl ion)

HYDROGENATION OF BENZENE RING

Benzene is reduced to cyclohexane on heating at high temperature with lu.dmgen n the
presence of Pt in an acidic solvent (acetic acid) or Ni at 200° C

] as a catalyst,
= pad o
+ il ], —————
@ 1-“; win I O

Cvelobiexane

SIDE CHAIN OXIDATION OF ALKYI, BENZENE
o Alkyl benzenes are readily oxidized by acidified KMnOy or K2C ra()s,
o In these reactions, the alkyl groups are oxidized keeping the benzene

CHi; COOI

ring intact.

kMl b,
T "SED]T = H.0

Toluene Benzoicacid

o The colour of KMnOy is discharged. Therefire, this reqe lion i

' IS used as o test f .S,
o Whatever the length of an alkyl group may be i st lor alkyl benze

-h'-“rl""" 'n"h- e E',ﬂrh{]"{}i] Lrnup
CHLCl L ! COOL

b kSl ] -
L P20 6 CO,

Ethyl Benzene Benvoicaciy
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Chemistry of Hydrocarbons arbons

INZENE RING BY 2 C
E V' 2, 4 DIRECTING AND 3, 5 DIRECTING GROUPS

When

an clectrophilic subetitg: " .
= .;-dp ubstitution Feaction takes place on benzene ring we get only one

However, the introduction of 4 scoond group into the
disubstituted products ortho, meig and para

X
¥ Y
L | v L I Y

are cquivalent.

ring may give three isomeric

Morwbitusal
b 4% oriho 4% mcta M pan

On chance basis 40% ortho, 40% meta and 20% para disubstituted products are expected.
But the actual disubstitution of benzenc docs not follow this principle of chance. ¢g m-

nitrochlorobenzene is the main product of the following halogenation reaction.
NGO NO,

+ 1, —-I' + [Cl
1
m-{hloromitro bonrene

On the other hand, a mixture of o-nilro-chlorobenzene and p-nitrochlerobenzene is

obtained from the nitration of chlorcbenzenc.

. 1 cl
w0,
. N0 1300 * « 2110
KO

oL hilorpastme bomrong
p-Csloromitnn l'l'..'l'lul"'..'l'l'.

Il means that the sroup present in the riono-substituted benzene ring has the directive
" - e

effect and thus determines the position of oriznlation for the new incoming groups.

There are two Lypes Sroups.

|- Ortho and para-directing groups 2-Meta-direcling groups
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*  These groups release electrons to the benzene ring thereby Facilitating the m""“"hlrﬂ i fﬁ‘&'

electrons 1o the eleetrophiles at ortho and para positions. i ‘\#:F
o This results in the increased chemical reactivity of benzene ring towards electrophijeg, '.'Ff'
*  The benzene ring can offer more than one positions {ortho and para) o the new im““il'q

groups. These groups are ealled orthe and p-'ml lli"-‘-":lills groups.

i,
WO, = 11.50,) > =i
in.dog”

LB

“pesilrobalpene

p—‘iﬂnﬂuluﬂc
* The electron releasing cffect of methyl group is significant and it makes the ring a pood
nuclcophile. Due to this increased reactivity. more nitro groups can be substituted o sl

benzene ring.

cl‘lI| .:'I Iq ‘! -5-
NO, iz
HNO, + 150, p—e
G0-T0NC dectonel
L] !m-!

NO.

2 A-Dinitrotolucne 2 o-Dinitnotolucne
o,
NINCN, & B,
e =

RN Trmitroolan: [TN1 )

Wane
ey
Bl
Carty,
N " (
These groups ane ‘ﬁ"*‘}z"*“ﬁ“a--ﬁIIR.-NH:_-ﬂc‘lL,-?ﬁcu‘. —Cl.-Br.-! w

reducing the availability of clectrons to the ¢ 1.|Il.'-::l,|‘||;'|||:||-.||.._,,l al ortho and para positions.
This results in the decreased chemical Activity of benzene.

Al
2, Meta-Directing Groups (deactivators of benzene ring}: 3, Himrting groups - "
T,
A

KETS - PREP BOOK —--ﬁ'.i' b
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positions are rendered more clectron gep;
¢

COMPARISON OF RE

__ COMPARISON OF REACT

Ehs‘mﬂnﬂﬂg

he ¢l Chemis ' arbons
morcover, due to the electron yyi . try of _!irdmf :
rwin

B elfect of sucl substituents, the ortho and para

1Sient than the metg position.

Thus the incoming -:I::::l_n;-.p.]-,i|ﬂ will pref
‘ Icier o

and para positions altack on meta position rather than ortho

These groups are called meta dipeg Ing proups
C.B.

b5} ] .
' %l
b [T
-——___-+
TR S T
S )

These groups are -NOz, -R, -NR;, - C = N, - COOH, - CHO, - COR,~NH; - CCl,

ACTIVITIES OF ALKANE, ALKENE AND ALKYNE
Reactivity order of alkane, alkenc and alkyne is as follows:

Alkene > Alkyne > Alkane
Alkenes: x-bond in alkenc is not only weak but its electrons are more exposed 1o an
electrophilic attack. Both these facts make alkene very reactive class of compounds.
Alkynes: Alkynes are les reactive than alkenes for clectrophilic reagents although
contain two R-bonds. This is because bond distance belween two triply bonded carbon
atoms is very short. As a result, its n-electrons are tightly bound and are not available for
clectrophilic attack. Hence, are less reactive than alkenes.
However, alkynes are more reactive than alkenes for nucleophilic reagents.
Alkane: Alkanes arc least reaclive duc 1o the presence ol o-bonds. a-bonds are stable
because g-clectrons revolve around intemuclear axis and are tightly bound between the
nuclei. As a result, electrophiles cannot attack on them.
Carbon to carbon bond lengths:
(i) C-C = 154pm (i) C=C = 134pm (i) C=C =I2l_l'|1'|11
IVITIES OF ALKANES, ALKENES AND BENZENE

AI 7 unreactive lnss of compounds and their unreactivity is due to their non-polar

_ _ ) [Butl they undergo substitution reaction relatively casily
Nature and nerincss of o-bond . ’ :

involving free radicals. ) -
Alken very [:,,.jclii'-ﬂ class ol mmpﬂum]s and ther reachivily is due 1o the il'illl.‘n:nl
NCS, are ve pCHve G |
ilabili -clectrons for the electrophilic reagen
— . 1 availability ol = clectrons for the ele philic reagent.
weakness of the x-bond and aval
ape o el etions casily.
o They undergo clectrophilic addition reactions y
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—
© They also undergo oxidation readily. l
Benzene is unique is its behaviour.

o Itis highly unsaturated compound but very stable molccule as well.

' i>ation reactions.
© Relatively unstable, alkenes undergo polymenzation reaclion

o lis stability is due to the extensive delocalization of a-clectrons.
© It resembles alkenes when it gives addition reactions.
o

Its substitution docs not involve free radicals but follow clectrophilic substitution

reactions.
© It requires drastic conditions as compared to alkenes.
o [tis also resistant to oxidation.

Some examples of comparison:

: Alkancs | Alkenes 7 _ Benzene |

I Structure | Open Chain | Open Chain | Closed Chain

2. Reactions

(a) Ha No reaction Addition reaction Addition reaction

(b) Clz Photochemical | Addition Photochemical Addition

Substitution and electrophilic

substitution

(c) KMnOy No reaction Colour of KMnOsis | No rr;-ac'ti:m

discharged

p—
146
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COURSE CONTENTS

Classification of alkyl halides
Discuss structure and reactivity of alkyl halides

Mechanism of nucleophilic substitution reaction (Sy1, S2 reaction)
Elimination reactions (E and E; reaction)

INTRODUCTION

Definition:

Alkyl halides are the compounds in which one hydrogen atom of alkanes has been
replaced by one halogen atom. They are also known as halogen derivatives of alkanes.

Types:

They may be mono, di, tri or poly haloalkanes depending upon the number of halogen
atoms present in the molecule. Monohaloalkanes are called alkyl halides having general

formula R-X.

Primary alkyl Halide " "

H=—C—X

Moaohalvalkane

H

H==(=—X
H H

mhalaalkane

Secondary alkyl halide

i—C—X

Trihaloalkane

Tertiary alkyl halide _

hilie | I'9™ Alkyl halides in which | o Alkyl halide in which o Alkyl halides, in which
halogen atom is attached halogen atom is attached halogen atom s attached to
| with primary carbon are with a secondary carbon a tertiary carbon 15 called
called primary alkyl atom is called secondary tertiary alkyl halide.
halides. alkyl halide. o C-atom, attached to three C-
o Carbon atom attached to | o  C-atom, attached to two C- atoms simultaneously is
e one or no carbon atom is atoms simultaneously is called tertiary C-atom.
called primary C-atom. called secondary C-atom.
CH,
HEC-C=Cl im-‘
E:I:ﬂ.mp|¢: =i . :Tiul}i Y
Tf'lla—[:i, CH3-*CH=Cl Tw:;l . HC=—C—Cl ::‘;’-’T:-U-d‘a‘mm
*Cis a primary carbon atom 3 sl CH, LSy G008, o
L *(" is a secondary carbon atom

0 The alkyl halide functional group consists of a sp” hybndized C atom bonded to a

halogen (X) via o bond.
O The carbon halogen bonds are

polarizability of the halogen. m

|+-5- -4
e

u
B = Ayl group

typically quite polar due to the electronegativity and

EETS _PREP BOODK
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ol alkyl halides:

ars which control the reactivity

There are two main el
(i) Bond polarity of C-X bond

(i) Bomd energy of C-X bond .

(i) Bond Polarity 1o the greater electron egativity of halogey,

:_‘||7 pusil,i-e'c whereas Iml_u-g!:l'lti acquires Partiy)
lic and can be replaced by another

activil

The molecule of alkvl halide is polarized due
as compared o carbon. Carbon agquires part!
negative charge. Halogen becomes tm::l::_ﬂl‘-'lﬂ
nucleophiles, On the hasis of bond polanty, re
following order,

v of alkyl halides decreases in (e

. 4.0 : '
_ | e 1 =
L Br | 2.8 L C £

(i) Bond Encrgy _ :
Experiments have shown that the bond energy of C-A I?”"'Ll i
the main factor which decides the reactivity of alky halides,

and not the polarity of the molecule, ! C_F 467

A study of bond energies of C-X bond shows that C-F bond is — :

the strongest. So, the overall order of reactivity of alkyl c-n fH —

halides is: C-Cl 2|
R-l > R-Br > R-Cl > R-F C-Br | 290 |

In fact the C-F bond is so strong that alkyl fluorides do not react | €~ 228 |

under ordinary conditions.
NUCLEOPHILIC SUBSTITUTION REACTIONS OF ALKYL HALIDES
Nucleophile:
A nucleophile is electron rich species.
o It will react with an clectron poor species.
o Ithas an unsharcd pair of clectrons available for bonding.
o In most cases it is basic.
o Itmay be negatively charged or neutral.
Examples:
HO', CaHsOr, SCN°, HS", H:0, NHa', CI, Br, I, NH; ete.
Electrophile:
An clectrophile is eleetron deficient species.
o Itwill react with an electron rich species.

o Ithas empty orbitals available for bonding,

o In most cases il is acidic.

© It may be positively charged or neutral,

o The electraphilic C can be recognized by looking for the polar si gma bond due to the
presence of an electronegative substituent (esp. C-Cl, C-Br. C-1 and C-0) ’

Examples: ' |

BF3, AICls, FeCly, carbocation like CH;® cle,

Substitution:

A substitution implies that one group replaces another in a molecule

KETS - PREP DOOK ’ 148
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T"Pic//""‘:* — . Alkyl Halides
gubstrate: m— — —_—

The alkyl halide molecule op
Alkyl chlondes, bromides and §

" Leaving Group (LG);
_h,a"g{ L,.m-i_ng-gmup_is also a nucleophile, 1t
o The incoming nucleophile must be

which nue A :
;x]igjm-_].] mucleophile attacks is called substrate. _
HGes e pood substrates for nucleophilic substitution reaclions.

departs with an unshared pair of clectrons.

o - stronger than the departing one, CI, Br', I, HSOs
5 p are good leaving groups. Poor leaving grﬁups are O, RO and NH
g, o lodideion s a good nueleophile as well as a good ]ﬂui:ing i 2

Carbocations:
The species in which one carbon atom is positively charged is called carbocation. It can
be primary, secondary or tertiary. /
stability of carbocations:
The general stability order of simple alkyl carbocations is,
(most stable) 3° > 2 > 1° > methyl (least stable)

HLC CHy HC. 4 M HiC, 4 N M, 4 M
' /! N
C

+
xff > \Ef 5 ’!\f =

CH, Cll, . H i
ol Ly r I* micthyl
—— ]

This is because alkyl groups are weakly electron donating duc 1o hyperconjugation and
—— nductive effects. Resonance effcets can further stabilize carbocations when present.
—ji_ Reactions involving carbocations:

_ M| o Substitutions via the 3Ny

-4 o Eliminations via the E,

o Additions to alkenes and alkynes
Bronsted acid dissociation and SN reaction:
These two equations represent Bronsted acid dissociation and loss of a leaving group in a

SN type reaction. .
H—A - SH + A

"#— LG ——C + LG
Similaritics:

———.0 Both show heteralytic cleavage of a sigma bond W creatc an uniulnl and a cation,

o For acidity, the more stable A’ is, then the more the equilibrium will Fivour
dissu-:ialin'n, and relcasc of protons :nuqning that Hr‘} is mnmﬂucid!;.

For the leaving group, the more stable LG is, the j11ﬁt.r: !t.l"_m*:::_r_s ]F:Lnug".

& Hence factors that stabilize A also apply to the stabilization ofa LG,

Common lcaving groups:

il
Excellent "ﬁ——@—l«l—u
a _u , MHa
! Very pood I, H:0
¢ Good _ ET
[ Fair cr
[ Poor F
Very poor OH", NHa', RO

But water itself is a good leaving group, since it is the conjugate base of H10",
e
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—— Alkyl Halides
-—-——_—_'_‘E—l_____—_._.______ e
gubstrate: T

Eucleontile atiael o = F i
Alky chilondes, bromides and jodyles e l"txulll th:h. .|ll.lln._"r..a is called substrate. —_—
Leaving Group (LG): SUBSIEMCS for nucleophilic substiution FeCTons.
saving Lroup s also a nucleanhile .
B -““; i%‘l-;l.."l.'ll':‘-l'llll:, m: il I:u;,]_mplnh__ I depants with an unshared pair of clectrons.
: 7 P T oy L. s “hill'l'l.u:-al be stronger than the departing one, C1, Br, I, H504
lodide ion :ﬂ “+5 Brps, | oo leaving groups are OFH-, RO and NHy"
o T0diCe 1N 15 a good nucleophile as well as a good leaving group.
Carbocations:
The species e which one carbon
be primary, secondary or tentiary
Stability of carbocations:
The general stability order of simple alkyl carboeations is,
(most stable) 3 = 3* > 1° = methy] (least stable)

atom 15 positively charged is called carbocation. It can

G 4 O HE o 1 e, 4 L T
LN "\t W L
T R
I Clly C, . H H
¥ 3 1” methyl
This is because alkyvl groups are weakly electron donating due to hyperconjugation and
. inductive effects. Resonance elfects can further stabilize carbocations when present.

] Reactions involving carbocations;
o Substitutions via the SNy
o Eliminations via the E,
o Additions to alkenes and alkynes
I Bronsted acid dissociation and SNy reaction: _ _ ,,
These two equations represent Bronsted acid dissociation and loss ola leaving group ina
SN type reaction,
H—A - ™ H + A

—{'—'LU —_—( = LG
Similaritics:

——~ 5 Both show heterolytic cleavage of a sigma bond 1o ereate an anton and a cation.

| o For acidity. the more stable A" is, then the more the equilibrivm will favour
dissociation, and release ol protons meaning that HA is m-.rn:"mnd!r:. ) :

For the leaving group, the more stable LG is. the more flllﬂillj'f1'r5 l‘l::u'l"-'l'lll.“b.', )

o Hence factors that stabilize A also apply t the stabilization ofa LG,

Common lcaving groups: _ :
Excellent "J—O-ﬁ—.:
| B Nl
? Verygood | 1,120
Good II]r"
_Fair ;;_|-
[ Poor F
Very [Hoor O, NHa, RO

But water itself is a good leaving group, since it is the conjugate base of HyO°,

e

{| XETS - PREP BOOK 149

e - ——EESTR T R T

.

Scanned with CamScann



{ 4

: Alkyl by, | g0
Topic-15 S o
—  oihstitution reactions: . ‘
Importance of ....clm?plﬂllt m'm:sl lum an important class of reactions that alloy thy
Nucleophilic substitution reactiol . A varicly of nuclcophiles can be used to gener,
interconversion of functional groups. . ' h.l
range of new functional groups.
Examples: . re important reactions you may ep
The following tli;u,gmn:‘ rlniilfﬁills; “smm of the mo po L ﬂa{ingm"m*-
Substrate Mucleaphile Prowdet ke g
pr » = — CIL01 + lir
CH.—C1.—I1 + Ol )
u=El = Ethylalcohol
[‘IE'I‘,—;..'I‘L—-I;‘r - " —r Gl . * Br
) Ethyliodide
CH,—CH.—Br + CN° —  GHCN * o
' Eihyl nitrile
'EH’—EH.:.—E;' ¥ Nﬂ:' — iy C:H.\.Nﬂy + H‘T
Mitraethane
CH,—CH.—Br + CHO — GH,—0—CH, * Br
Ethylmethyl ether
t"u,—Eu:—ﬂr + NI, —+ G, —NIl, + 1D
Ethylamine
'Y B Ea T
CH,—CH.—Br + CH,~NH, — (CH,),NH + HEBr
Dicthylamine
i - LR B
CHEH  y—Br  +  (CH,L,NH  — ()N + HDr
Tricthylamine
i i % "
CH,—CH,—Br + (CH,)N —+ (C,H,),N + B’
, Quatemary ethylamaonium
i s —
CH,—CH,—Br + S —s C,H,SH + Br
: Ethyl thivalcohol
it &
CH,—CH,—Hr + CH,CO0'Na"  ——  CH,CO0OC,H, + MNabr
NUCLEOPHILIC SUBSTITUTION REACTIONS
Nucleophilic substitution reactions: ;
Nucleophilic su.bslil.u_l.i:;}n reactions occur when an clectron rich species, the nucleophile
reacts at an electrophilic C atom attached to an clectronegative group, the leaving grovP
f,.d-—-,..\_ A Lh m ‘
Y —LG > ¢ —nli LG"
KETS - PREP BOOK —-"""iﬁ P
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; Alkyl Halides
"MECHANISMS FOR NUCLEQRI : — —aeEd
There are lwo t“;‘“““‘““lﬂl Cvents in g nﬁﬂ!cﬂplﬁiic substitution reaction:
o Formation of the new o bond to the nucleophiles ;
o Breaking of the o bond to the leaving Efﬂupl-. s

D:pgnig-% :]::; :.:-L‘: “ilﬂ";.w liming of these events, two different mechanisms are possible:
o m‘i"mmn dRINE 1o form a carbocation proceeds the formation of the new bond: SN

o Simultancous bond formation - - _
SNy MECHANISM: ond breaking: SNz reaction

It is substitution nueleophilic unimolecular

o two step reaction.

Explanation:

The thﬁlrﬂtlu R-X lirst ionizes reversibly into R+ and X- ions. Then the carbonium 1on
combines with the attacking nucleaphiles to form product,

Slow

R :I: .

T ——— R+ + _}:.‘

Fast
R" + NU' —3 R—Nu
Step 1: :
o This step involves the ionization of tertiary alkyl halide in the presence of polar solvent.
o This step is reversible in the presence of aqueous acetone or aqueous ethyl alcohol.

o This step results in the formation of carbocation as an intermediate.
H,G

H,C CH,
H;C;\ _ﬁ; slow \*‘ / + B

o .

Tertiary alkyl halide Carbocation
sp'-hybridized sp -hybridized
carbon - carbon
tetrahedral planar triangular

o This step involves the breakage of covalent bond, so it is a slow step. This step 1s rate
determining step.
o During this step, there is variation in hybridization form tetrahedral sp’ to planar
triangular sp’.
Step 2:
o This step involves the attack of nucleophile on carbocation
(i) The nucleophile attacks when the leaving group had alrcady gone. .51::, the
question of the direction of the attack does not arise.
(i)  The intermediate carbocation is a planar specie allowing the nucleophile to attack
on it from both the directions with equal case. Therefore, there is 50% inversion

of configuration and 50% retention of configuration.

e

B ‘ 1
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Ihe briecl mechanistic picture off SN reaction base upon the following cvidences:

kinctic Evidence: . .
The 2t of am SNs reaclion depends upon the concentration of alky halide only. The
change in concentration of attacking nucleophile has no cfficcl on the rate.
Rate = k [R-X]

It is because the nucleophile combines with the carbonium ion in the second step. For the
same reason, the rate of an SN; reaction does not depend on the nature of attacking
nucleophile.
SN: MECHANISM:
It is substitution nucleophilic bimolecular reaction. It occurs in one step.

R=X+Nu —R-Nu+X’

CH,-Br+OH"——CH, -OH + Br’

Mechanism;

The atiack of nucleophile on carbon and the departure of the halide ion take place
simultancously in single step. This is rate-determining step because the bond breaking
and bond making processes.occur simultancously. Since two molecules are undergoing
change in covalency in rate determining step. It is a bimolecular nucleophilic substitution
reaction which is taking place in one step.

" ]! I
oo \/ /
Mo s H=C=X —¢ Ny = == X =—— Ny e e | |
I
H i
Transition stale Inverted molecule
H H .H
; S ;H
OH + H-CoB—= HOorCorroBr —= HO —C ~H
H i ~
H H
Traresiaon s Ireeriad moleruie

This is based upon the following evidences.

(1) Kinetic Evidence:

The rate of an SN: reaction depends upon the concentration of nucleophile as well as the

concentration of alkyl halide. The rate expression for the reaction can be written as,

Rate = k [Nu] [R-X)
. Where k is specific rate constant

This means that the rate of reaction will be double if the concentration of any of the two

is double ¢.g., the rate of following reaction increases when cone. of cither OH" or
KETS - PREP BOOK 152 E'Fi
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%‘1 ToP ie19 Alkyl Halides
'__l__———-____l_-_‘—____l—l_._-______-_.—
N fd"’—ﬁ 15 mmereased, — _—:f—'——"——

H,C-Br+O11°
. 1 ——CH, -0 i
mparison of Sx1 and §x2 Mechanisms: ISR

| | ltisatwo steps mechanism, —— -
N~ i I | Itis a single step mechanism.
5 | First step 18 slow one and second is fag 2 .
| 3|Misa unimn!u:culur reaction, 3 :j: :';i E?E ?m ?tcp Iha:rm e
1 s favoured in polar solvents ! olecular reaction.
oatly tertiary alkyl holides sh ‘ 4 | It is favoured in non-polar solvents.
N | i ry alkyl halides show this | 5 | Mostly primary alkyl halides show this
B i reaction,

6 | 50% inversion and 50% relention of 6 | 100% inversion of configuration takes

: configuration takes place, place
" | | 7]Rae=k[R-X] 7 | Rate = k [Nu] [R-X]

_ had) ELIMINATION REACTIONS
The chcmlt_‘nl reaction in wh u::h two groups are eliminated from two adjacent atoms is
called ::lm1_m:_ttm|_1 reaction. Since fi-hydrogen is necessary for eliminations, it is also
called f-elimination.

Explanation: .
-hydrogen atom in alkyl halides is slightly acidic due to electron withdrawing effect of halogen.
, | H" H H H
Pl H-G = ¢ ~X—+H-G— ¢ %"
- HoH Hof
T
s Substitution and elimination reactions:
The attacking nucleophile can cither attack a-carbon to give substitution product or [i-
hydrogen to give elimination reaction.
‘/f’_“'“H H H H
| -
Ny + H—{':ic—"; — C=C + X +HNH
| | |
H H H H
Elirinalion
/"" = H H !‘l
Fi :H,I I.l— - ' i 1 N . 5
Wy + H=C-—=C-X —= W ‘I: C=H
| i |
| I H H
M - Sulstiluteon
; - rO~. NHy limination in preferences to substituti
. Strong bases such as OH", RO", NH2" €lc cuse € S pTEs ) substitution.
1. Hi glﬂI; polarizable nucleophile and weak bases such as I, RS etc give substitution
reactions.
||I|'|;I e
f .
|
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/ 0Cy i
21% substitution

CHONa' + Cliy—Cl—Cll,

Br Cll,=— CH—Cll;
T79% climination
Er MECHANISM:
It 15 unimolecular two step climination reactions.
Explanation:

The subsirate undergoes slow ionization in.the first step to form carbonium ion and in the
second step the solvent or base pulls off a j-hydrogen.

H,G HC CH,
ch_' 4L_E:_] — SIﬁw — \‘ / ¥
HJ(/
H,
Tcrnarrllf alkyl halide Carbocation
ybridized sp™-hybridized
carbon carbon
tetrahedral planar triangular

*cH,
"5 N /
: B, Y= +n10

E \Iﬂh-,rlpmpmt
(lsobutylenc)

Molecularity:

Since only one molecule is undergoing a change in the rate determining step, i.¢., first
step, this is two step unimolecular elimination reactions.

First order kinetics:

The Ey-mechanism has been supported by the study of the reaction. It follows first order

kinetics, in which rate of reaction depends only on the concentration of substrate.
Rate =k [R-X])

£
AW

¥
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Alkyl Halides®

Carbonium jon:

The presence of carbonium ion as an intermediatc has been indicated by the prescnce of
more than one kind of climination products. A relatively less stable carbonium ion
rearranges 1o give more stable carbonium before giving climination product.

N :
a
—— Show S )
iy T Clly—C——Cll—Cil, + ¥
Cil, Dr &,
oarbonssm jon
L1, Iy
| +
Clly=—0=——Cl— (1l =— l'.'ii,—t—li'll—ﬂlj
&
Oy Cly
cil, J--:I.':'a-:n-m
*
ﬁli iIi-Ill
E: Mechanism:
It is bimolecular one step elimination reaction.
| 1 L] )
5+ R—CYclx — C=C + X +BH
| .,
H H H H
Explanation:
Consider the reaction,

Ty B ; '
Vet e N
2 C . TFJE _ w\-x +BH

5 r;.
B + T ﬁ Tl.‘l'
K i

The attacking basc removes a proton from the [j-carbon simultancously with the
formation of double bond between Ca and Cp and the loss of halide ions. : :

KETS - PREP BOOK
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Tople-18 Alky] Halidey
Rate determining step:
This is rate determining step because bond breaking and bond making processes are
taking place simultancously.
Molecularity:

Since two molecules are undergoing a change in transition state, it is a bimolecular one
step elimination reaction.
Steps:
Thus Ez is a one step process in which both the substrate and the base participate.
Second order kinetics:
The observed rate law for Ez-reaction is

Rate = k [R-X] [Base]
The rate of E2-reaction depends upon the concentration of substrate and the base c.g,, for
the reaction,

R :
f/ﬂ I"‘"l| o b“::’-‘-?“: ——= HOH + CH, = CH; + Br”

L. Tramsiton staie -
The rate of reaction follows second order kinetics.

Rate = k [CH;-CHz-Br] [OH']
Substitution versus Elimination Reactions
Though substitution and climination reaction lead to different products, there is always 3
competition between them because of close resemblance in their mechanism. Since
substitution is more favorable energetically it is the dominant reaction in the substitution-
elimination reaction. Elimination occurs only in the presence of [i- hydrogen wher
substitution reactions do not require this condition to be satisfied. |
The following factors help to compare these two pathways:
(1 Structure of Substrate:

Crowding within the substrate favours climination over substitution because the approach
‘of the nucleophile to a-carbon is difficult for substitution. However, the elimination is

favorable because the removal of i-H atom by base from tertiary planar carbonium ion is e

—
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\ pople1® Alkyl Halides
ﬁf__f___——*—‘_—-__ﬁ_——h—_ =_=—q

(i) Nature of Base:

M‘ when ﬂ“: clectron l:ﬂ.il'_ﬂﬂncif isa sunmg bl“, e, 1:“'[! "‘OR clc., the dominant reaclion
is E2 and SN2 reaction is a side reaction. However, when the nuclcophile is a weak base
like X', RS’, etc, the main reaction will be SN; and Ex will be minor side reaction.

g A HooH

- BN,
Y '{I_ t’i OH—» fE=L‘-. VX 1O
X I I
_ H H H H
, [ , I .
&h H=C—=C=X +C1,000— H—=C = C—0COCH*+X
1 1 |
H H H H

The Nature of Leaving Group:

The role of leaving groups in Elimination reactions is similar to that in substitution
kttq reactions.

In unimolecular reactions it does not affect the mechanism because both the elimination
and substitution products are decided with carbonium ion.

However, in the bimolecular reactions the nature of product greatly depends upon the

nature of leaving group.
Nature of Solvent _ CRITICAL CONC ‘Fﬂ'
Elimination is favored more When alkyl halide with alcoholic KOH.
than substitution by reaction will be elimination preferably.
C,H, - Br+ KOH—=5,CH, =CH, + H,0+KBr
decreasing the solvent :
polarity. Thus alcoholic
iﬁ'-‘i KOH affcets elimination while more polar aqueous K.OH is used for substitution. E; is
o favored by polar solvents like SN) reaction. In non-polar solvents, the reaction will
#,ﬁ follow E3- mechanism.
MHII" Effect of Temperature
An increase in temperature will favor elimination more than substitution, because
substitution reaction involve less reorganization of bonds as compared 1o eliminations.
o
F
-
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Topic-15 Alkyl Haligeg
————— ————

Example:

|
ul

CH-CH-CH,+ NaO i —22 CHL CH=CIE, HCH,),CHOH

Wr
aldse §3% 47%
atlno”e 64 % 16

E2 Reactions

El Reactions

- 5

s ke i g e g i

Two steps mechanism One step mechanism

Molecularity is one ' | Molecularity is two 1
Rate a [R-X] Rate u [R-X] [Base] N
Rate = k[R—X] Rate = k[R-X] [Base]

Tertiary alkyl halides generally give Ej| Primary alkyl halides generally give Es)

reactions. reactions.
Order of reaction is one. Order of reaction is two.
The reaction is: The reaction is:

R-X —2=*_, carbocation + X~

P _ shorw i
Carbocation + Base —=2— alkene + Hz0 R-X + OH- —— Alkene + H20 + X

Primary R-X treated with aq KOH will give alcohols under  mechanism
A. SN B. 5N; )
C. E D. Ez
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TOPIC-16 ))) ALCOHOLS AND PHENOLS

. COURSE CONTENTS.. .
. [‘Inssll'u:a.tmn an:-r_s,r Secondary and Tertiary alcohols
. Reactivity
e Phenols
5 Physical propertics
n Acidity
. Reactivity
a Differcnuiate between alcohol and phenol
I INTRODUCTION

e Alcohols, phenols and cthers are classes of organic compounds which are much closer to
water in struclum and hence :um.dcmj as derivatives of water

NN N N

CeHs
Warer Alecohol | Phenal Ether

¢ When H of alkane is replaced by -OH group, then it is called alcohol.
o When the H of benzene ring is replaced by —OH group, then it is called phenol.
The linkage between two carbon atoms through oxygen atom is called ether.

Alcohol
Alpdutic AfoeTuan.
| | (R [THT
X fummorby b r:l-'l]-l-:lll‘.'l\.
Gilyeerol
| CH-OH omryd shevibuad
o
[ ! | CH-0H
17 ale. .‘ allc LN ih [-'I-_t:”‘l
i Pramsfy B  Spvonallary) [ Tewiaryl
1O 0= 00 - Ll ii'll.
I
(] LT -0 - LM

|
(il
“ REACTIONS OF ALCONOLS __

Reactiv |r;|. ul'—ﬂlt Lmup :
* Oxygen atom of the ~OH group in alcohols is sp® hybridized

¢ The carbon oxygen bond (C-O) and hydrogen oxygen bond (0-H) are highly

polanzed.
* The negative charge is present on the oxygen atom of alcohol.

KETS - PREP BOOK 159

Scanned with CamScann:



Alcohols and pp i
Topic-16 Engly
Chemical properties _ .
*  Alcohols react with other reagents in (w0 Ways
(i) Reactions in which C-O bond hrﬂﬂti
(i) Reactions in which O-H bond breaks. —
* The order of reactivity of alcohols when C'_D hm:,llm;m
Tentiary alcohol > Secondary alcohol = Primary -
* The order of reactivity of alcohols when O-11 I:I-l:;ll S Spenio ekl
CHyOH > Primary alcohol > Sccondary alecho i
Nucleophile breaks C-O bond of alcohol. ot
Attacking clectrophile breaks O-H bond of alcohol. hol -
Catalytic oxidation of primary alcohol and sccondary alcohol in prfr:sr:nrjq. o Il'ilﬂrrﬂr
and HaSOs, convers them into aldchydes and ketones respectively; while sam,
reaction of tertiary alcohal gives alkencs.
e On heating with H:80s (conc.), alcohol changes to alkene.
(i) Oxidation of alcohol:

C,H,0H + [0] —2 CH, - CHO +H,0

15015
CH,- CH=0H + [0] —55— f:Hﬁ—-,'l: =0 + H,0
CH, CH,

NOTE: Tertiary alcohols resist to oxidation instcad they show elimination_rcaclion in the

presence of acidified K;CraOy.

CH,
I ey
CH,-C- OH + [0] —{{Gi— CH,- ¢=CH, +H,0 CRITICAL CONCEPT!
H, CH, O-atom of the -0l group =
(i) Reactions of alcohals in which C- O bond cleavage oceursll  alcohols is sp” hybridizel
— 3 C,H,C1+ HCI + POCI “The carbon oxygen bond
i, G, ' (C— 0) and (0 - 1) are highly
3C,H,OH + PCl,—— 3C,H.CI + H,PO, polarized.
C,H,OH + 50CI, —==— C,H,Cl + 80, + HCI The negative charge s prese®

on the oxygen atom of alcohel
C,H,0H + NH, —/%— C,H,NH, + H,0 YE

C,H,0H + HCl —= C,H,Cl + H,O

- (iii) Reactions of alcohols in which O=H Dond cleavage occurs
C,H,=OH + 2ZNa — el , CH, =0"Na" + H,
{iv) lodoform test:

Ethanol gives iodoform with iodine in the presence of NaOH. Formation of yello®
crystals indicates that the alcohol is ethanol. Methanol does not give iodoform test
C,H,OH + 41, + 6NaOH —— CHI, + HCOONa + 5Nal + 5H,0
lodoform

CH,0H + 1, + NaOH —— No yellow ppt.

(v) Esterification
It is nucleophilic substitution reaction with respect to carboxylic acid. Here—OH grot
carboxylic acid is replaced by RO- (alkoxide) group of alcohol

pol
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;_= f,../,..-—-"—i"_-"-_ w

C,H,0H + CH,CO0l s
A H EIII{:GGEJ.'} + H_-.El

—_——
(vi) Dehydration
Alcohols react with con. HaSOy and p

ve different products at diffe
My rent t
i CHOH —S28e, ol = op, H,0

@ 2CHOH —55880 M- 0-CH, + 10

Methanol does not produce any alkenc on reactjon with cone. H;S04 because methanol
has no P-hydrogen. Therefore, B-elimination reaction does not l:|I:e lace .
Distinction between primary, secondary, and tertiary aleohaols e

Primary, sccondary, and tertiary aleohols are identified and distinguished by their
reactivity with halogen acids in the presence of anhydrous ZnCl,.

For example when aleohol is treated with a solution of ZnClsz in cone. HCI, then if
(i) Tertiary alcohol form an oily layer immediatel y.
(i)  Secondary alcohols forms an eily layer in five to ten minutes,
(iiiy Prm ar:.fRM:mhuls form an oily layer ut}!},f on heating,

cmperature.

L

| ZnCl, I
| r:.—cl‘-—ﬁm HCI m—?—-m + HO

14 R
Tertiary alkyl halide
It

i
H‘f.‘] OH + IICILEL."F\CH‘-C] +H.0
/ 5-10min R/

R
ﬂ ' Secondary alkyl halide

ZnCl,
R—CH,—OH + HCl S==% R—CH,—Cl +H,0

Primary alkyl halide

2]

__ _
Q.1  Which bond is most polar in ethanol, CHCH,OM
AC-H B.O-H
C.C-0 D.C-C

=S

' Phenol . ‘ N
Aromatic compounds which contain enc or more -OH groups directly attached with
carbon of benzene ring are called phenols.

! Physical properties: | - _

Itis colorless, erystalline, deliquescent solid with characteristic smell (phenolic odour)

Its melting point is 41°C and boiling point 182°C. _ "
It is sparingly soluble in water forming pink solution at room temperature but completely
soluble above 68.5°C. . |

It is poisonous and used as a disinfectant in hospitals and washrooms.

L 1
L]
]
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Topic-16 Alcohols and Pheng), =
— i JE— — —— !
Simplest Phenol
Carbolic acid (benzenol) (CtsOH) is phenol. I was first obtained fiom coaltar by Runge in 153, l
)]
1 il . L, |
Bl
I.h'ln."lhlll. Il:..l_hh:;dru'q'} e I_|l-|-U|I1} Illlj.‘:l' h'“f'.."ll'l; I.}'l]lh}llm"i-}' hﬂ'“ﬂ'm
1_1-1-|'!..||-r-|_'|'|_:.l ph.m-u.}l p-hydroxy phenal m-dhihydroxy phenol '
{catechal) (hydroguinonc) (resorcinel) i
(H (¥H {IH
1 KO, 1 N0 1 N0
'
'I- q
; : 1 N0,
Ml
2-Nirophenol S Nirophenol 2 A.6-Trmurophenol
o= Mimphenol m-Nilroplecnol Frcre acid

- e, s e e =

. aad - REACTIONS OF PHENOLS .
Reactions of phenol
Phenol shows two types of reactions

(i) Reaction of phenol due to -OH group

A ; Nature of reaction Remarks
Salt formation Phenoxides are formed
|
Ester formation Reaction takes place in basic media
Reduction wath Zn Benzene 15 oblained
OH ONa* '
! |
o ﬁ"'\‘ |
1 + "o oy |
) . — L} *+ HO |
S Ny
Phenol Sodim
OH phenaxide |
1 |
[ i -"'fx'"-\. l
+ ZIn(dust) S i '
\&, o -;;?» risnd

g
g
:

e
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Alcohols and Phenols
—————

Reaction of Phenol Due to Benzene Ring

: ﬁ! room lemperature, the product is a mixture of o-and p-nitmphfﬂﬂl
— with dil. HNO,
Nitration b Athi ; ,
; lhgﬁl“" temperature, the product is picric acid with concentrated
1
Sulphun:tiun Introduction of HS0; is called sulphonation a mixture of ortho and para
products at 15 to 20°C
" Halogenation | White ppt. of 2.4.6-tribromophenol is obtained
Tliydrogenation | Un-saturation of ring is removed

Reaction with
formaldehyde

» This is a condensation polymerization of phenol
¢ Formaldchyde polymerizes with phenol to produces Bakelite.
b _Bakelite is used for manufacturing of switch buttons

OH OH
@ + 3HNOyoom) —=—» "m"m
Phenod

i NO;
4. 6-Trmirophenol
OH
. ~S0.H
2 & IH:ED.‘ _..2—:-
Pl o Byl y B
sl gl
OH OH
@ # 18r; A Br @E‘l + JHBr
Pl o
T 4, f=Tribnomsopisenol
OH
OH
=11 H
—le
+ 3-H:! T B H H
Pherol H
i Iyt lalvenanol

+ 3H;0

OH

I
SOsH
ey ooy Bsemuinossc
walphionsd Sl
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AND PHENOL

___RELATIVE ACIDITY OF WATER. ETH
Phenol is:

* Too weak to affect the litmus paper.
* Unable to evolve CO; from carbonates.
* ltsKais 1.3 = 107" and pKa is approximately 10.
*  Acidic in nature.
Reason :
The acidic nature of phenols, as compared to alcohols, can be attributed 1o the formation

of stable phenoxidc ions after loss of proton.

Uh ]| L]
Menol Phenoxide

The phenoxide ion, thus formed is resonance stabilized.
0 1:{}

(s 0 o
ol x -
5D~ 0—0

(o . il

The negative charge spreads throughout the benzene ring and is thercby dispersed. This
delocalization of the charge accounts for the stability of the phenoxide ion.

Example: _ .
Being acidic, phenol reacts with NaOH or Na metal to form salt, which shows that it s

acidic in nature.
il . |
Dot F 1.0

Plcnol Sodium Phenoxide

Relative acidic strength of alcohol, phenol, water and carboxylic acid is as follows:
Carboxylic acid > phenol > water > alcohol

~ Formula ha (approx). “
| Phenol Ar-OH 107" 10 -
Alcohols R-0OH {1 [ 16-18
“Carboxylic acids R-COOH 107 G
Water - H-OH 10-M 14
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DIFFERENCE BETW EEN Al

The compounds in which hydroxyl
. is attached to an alkyl group. ( R—TEI Eg{l;l:ml"

Alechals smd PRUET

LOHOLS AND PHENOL

The compounds in which hydroxyl group is
attached to an aryl group. ( Ar— OH)

~ Alcohols arc also called hydroxyl
derivatives of alkanes

Phenols are called hydroxyl derivatives of
benzene

THT_I-lt_mmpﬂunds in which one hydrogen of
water is replaced by an alkyl group c.g
CHi= OH.

The compounds in which onc hydrogen of
water is replaced by an aryl group c.g.

T_-Tﬁ‘ general formula of alcohols is R-OH.

The general formula of phenol 1s CsHs-OH.
It is also known as carbolic acud.

S

+ Alcohols may be monohydric and
polyhydric depending on the number of -
OH groups attached.

Phenols are not monohydric or polyhydnc.

« Lower alcohols arc generally colorless
liquids.

They are colorless, crystalline, deliquescent
solid.

» Alcohols have a characteristic sweet smell
and burning taste.

They have characteristic phenolic colour.

o They are readily soluble in water but
solubility decreases in higher alcohols.

It is sparingly soluble in water forming pink
solution at room temperature but completely
soluble above 68.5°C.

* Alcohols react with other reagents in two
ways
(i} In which C — O bond breaks

| {ii) In which O — H bond breaks.

Phenol react with other reagents in lwo ways
(i) Reactions duc to —OH group
(ii) Reactions due to benzene nng.

s Alkoxide ions have no resonance

struclurcs.

Phenolate have reasonance structure.

*  Alcohols are less acidic. (pKa =16-20)

Phenols are acidic (pKa =10)

KETS - PREP BOOK
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TDPIC-1?>> ALDEHYDES AND KETONES

Explain structure of aldehydes and ketones
Preparation of aldehydes and ketones .
Reactivity of aldehydes and ketones and their companson.
Acid and base catalyzed nucleophilic addition reactions of aldchydes and ketones,
Chemistry of aldchydes and ketones by their reduction to alcohols
Oxidation reactions of aldchydes and ketones i
INTRODUCTION | ]

& & & ® & @

Organic compounds E-E!I]Ililill'lili g the carbonyl functional group, _ C_ arc called carbony)

compounds, they may be aldehydes and ketones.
Difference between aldehydes and ketones.

S ALDEHYDES T e a RETONES

< Functional Group
In aldchydes, the *“C" atom of|In ketones the “C" atom of carbonyl group is
carbonyl group is dircctly attached at | bonded to two carbon atoms, and so it occurs,
least one H-atom within a chain

o General formula 7
The homologus series of aldehydes | The homologus scries of ketones have peneral
have general formula CaH2.0 formula CaH2,0.

General formula structure
An aldehyde may be represented by | A ketone may be represented by the general
the general formula structure, formula structure :

i 0
R-C=HN I
o ] 7 R-C
o0 Occurrence
Aldchyde groups are present in most | Ketonie group is present in camphor and
sugars. They are main constituents of | fructose.

a number of essential oils used as
fragrances and flavours.

o Examples

- K

0
(i) Il (i) :ﬁ'
H=-C=H CH,-C-CH
Formaldchyde A '
elone
O
(i CH,~C i (th ]
] - CH;“C‘CH:’-CH*
Acetaldehyde Ethyl methyl ketone -~
KETS - PREP BOOK 86
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f-"""-—-__ Aldehydes and Ketones
S AND KETONES ~ =47~ 777

Carbonyl compounds

The organic compounds which contain cerbonyl funeti ~0=0Yyin their
mﬂl[;l:ullEE arc l.':i'l"Ed. ¢ﬂfbﬂn}rl com Pﬂlundg_ ¥l lunctional Zroup [ _fc ) n

In a carbonyl group, a carbon atom is bop

: ded to oxygen with a double bond
The homologous sencs of both aldehydes and ketones have the gencral formula, CaHzxO

p Aldehydes and Ketones are carbonyl compounds
| s B
1w 0=
I::-ﬂ ?i
| 2

- sp hybeidized

o Dueto diflerence in electronegativity between C and O, carbonyl group is polar
Aldchydes

o Inaldehydes, the carbonyl group is bonded to at least one hydrogen atom and so it occurs
at the end of the chain,

o Analdehyde can be represented by the general formula

E*.; xl i
Ketones

o Inketones, the carbony] group is bonded to two carbon atoms and so it oceurs within a chain,
o A ketone may be represented by the general formula

12

Where R and R’ may be same or different but can never I:m _
PREPARATION OF A LDEHYDES AND KETO

NEH c P 2

Formaldehyde

A mixture of 40% formaldehyde, 8% methyl aleohol and 52% water is known as formalin.

passin i ' ing : and air over
' » mnours and air over iron | By  passing methanol  vapours |
Edﬂ'ﬂm|mﬁﬁiﬁ$§$5ilmﬂﬂlﬂﬁ[ al platinised asbestos or copper or silver catalyst al
S00° ¢ 300°C

¢ Indusirial Method Felr, Mo, .
e ICHO + 2Ha0
2CH;0H +0: 500°C e
o Laboratory Method . Pombesor IHCHO + 2H:0
2CH;0H + On 300 ) )

(HCOO), Ca—y— HCHO+CaCO4

e—— 167
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Aldehydes and Ketgp,.
il ‘{__—-_____;________P_._———_————-'—"—"—_ﬁ“\ﬁ%
Acetaldehyde
Laboratory method

' Industrial method
By oxidation of cthylene u§ing pa‘!ladi“m
chloride catalyst with cupric chloride as

acidificd sodiwm dichromate _ ‘.
» By dry distillation of mixture of calcium | promo
salt of formic acid and acetic acid

o Laboratory Method . i)
CHyCH;OH + [0] —2E8e5 CHyCHO + H2

0 0
i 1:
|
E‘H;-—‘C—D\ H-faﬂ“‘\ _
H.l'ﬂ e - a
0 Ca - 0 Ca » WH:CHO + 2CaC0:
| s | /
CH:—C—0 H-C-0
Industrial Method . L
23CH»=CH» +O: —mo >  2CH yCHO

Ozonolysis of Alkenes:

5 0z yoo

The overall transformationis: C=Ct02C=0 o
This reaction is carried out in presence of ozone, O, followed by a reducing, in the
presence of *Zn, in acelic acid, the overall process is the cleaving of alkenc in to two
carbonyl compounds. [f the substituents on C=Carc present, they arc oblained
in the carbonyl C = 0. " ,

R : R R
l?s(—lr 2={:}=.G=<
PR Y

Hydration of Alkynes
Water adds on to alkynes in the presence of dil. H:50s and Hg30; to, produce 30

aldchyde or ketone. Enol forms as intermediate, which isomerizes in to aldehydes o
ketones e.g.

CH==CH + I-I—('_')QH W" CH=CH—OH

Vinyl alcohol

CHF_ il H ‘— C [ I-I

KETS - PREF BOOK ' —— 168

/4

AR

Scanned with CamScann



V . S . P 4 e SRl B

A

1e-17
Aldehydes and Ketones
propync gives acctone T

H
l —{ ! H.S0,
CH—C=CH + Iﬁ' =
H Ci ‘H
M s O ;

1 |
C"‘_{‘lc}I“u——& Cll'—ﬁ—{‘ﬂ.
Propene-2.0]

2

Acctone ("ropanone)
This reaction is useful for preparing methyl aryl ketones

@—(‘ =+ 1,0 "IN,

{AL‘#H.T!I:LI“HIL]
Oxidation of Primary and Secondary Alcohols

Primary alcohols are oxidized to aldchydes and secondary alcohols are oxidized to
ketones, when they are treated with oxidizing agents. Following oxidizing agents are

used.
o Na or K dichromate solution in presence of conc. H2804. (K2Cr207 or Na:xCr20v/conc.
H:50s)
Lok Example
s Primary aleohols such as butanol or Benzyl alcohols are oxidized into butanal and
. benzaldehyde.

CH,CHCH chHm—frcHﬁH,CH,cHu
Bospred Bhraempd

"Non-aqueous solvents are used to control further oxidation of products obtained.
Secondary alcohols are oxidized into ketones.

v (0]

] CH—CHOH——— CH—

CH, CH,

. Friedel- Craft’s acylation of benzene .
The substitution of an acyl group to an organic compound in the presence of AIC or
some other Lewis acid. The AICh generale acylation 1on (Electrophile) which is

substituted in the aromatic ring.

GH,+ ,_(i,_m & CH,COR+ HCI

o Alkylaryl ketone
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A CTIONS OF ALDEIYDES AND KEZ ONES Al l".lir;
Reactivity of carbonyl group a—
Rfﬂﬂh'il}' ol carbonyl group is due following s ) =
o Both carbon and m:;‘i':l:ll .'ll:r;- sp’ hybridized Reactivity of carbonyl group is duc 1o the
polarity of carbon and oxygen.
~ b ¥
-0
“a (@
Ketone are less reactive as compared to aldehydes because
o Electrophilic character of carbonyl carbon in ketones is less due to alkyl groups attacheg
with carbonyl carbon which are the clectron donating groups -
0 o pist
|
,C=C=Cll, — 11,C—C—CH, parc
o Ketones are less reactive due to steric hinderance
Nucleophilic addition reaction

The characteristic reactions of carbonyl compounds are nucleophilic addition reactions.
(i) Base-Catalvsed Addition Reactions
© This reaction will take place with strong nucleophilic reagent
o Base reacts with reagent and releases nucleophile
Addition of Hydrogen Cyanide
(i) Additigﬁ to Acctaldehyde:

" cu,, ,0n
C = O +HCN NaCN/HCI ‘%-.f,r

1 TURA
Acctaldchyde Accialdehyde cvanohydrin
(i) Addition tﬁ Acctone:
1Y e CH,, ,OH
e =0 viic NaCNAICI \
CH, e/ Nen >~
Acclone Acctone cyanohydrin i
The cyano group, —C = N is hydrolysed by an agqueous acid into a-hydroxy carboxylic acid ' Gy
through u-hydroxy acid amide. ‘ R
OH OH
CHi—CH—CN + 2H:0 ~ H:S0s ———— CH;—CH—COOH - NH:HS0:
Acetaldehyde cyanohydrin 2-Hvdroxypropanoic acid
(Lactic acid)

Addition of Grignard Reagents

On reacting with Grignard's rcagent
o Formaldchyde converts into primary alcohols
© Except formaldchyde all other aldehydes convert into sccondary alcohols
© Ketones convert into tertiary alcohols

KETS - PREP BOOK
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topic-17 .
& e _Aldehydes and Ketones,
Addition of Sodium Bisul =i — = o

; ' phite
All ﬂi"l':'h}"d“s ﬂﬂ{! only methyl ketones react
(i) Addition (o Formaldehyqde:
I .

X H, Ol
L0+ Kalso ' e

with sodium bisulphite give white precipitate

— ——————————

R
" H i %03 Nn
! . : .unﬂﬂdvh:ﬁl“ Disulphite addivion product
(i)  Addition to Acctone:
Cl,
Ty, N Cil,, O
hﬂ{g LSO Naso, ."t"‘
Cil, cins “S,Na
Aeetone Misulphite addition product
Bisulphite product on heating with a dilute mineral acid (HCI or Ha804), regenerates the
parent aldehyde or methyl ketone,
CH, OH ; 0
L "
: C # Ol b, CH,—( — Ll R
1% 1/ \SO,Na CH,—C =11 + NaCl + HO S0,
Bisulphite addition product Acetaldelivde

i) NUCLEOP} HLIC ADDITION REACTION MECHANISM
General mechanism of base-catalyzed addition reactions:

© A base-catalyzed nucleophilic addition reaction will take place with a strong nucleophilic
reagent.

o The base reacts with the reagent and generates the nucleophile.

o The addition is initiated by the attack of a nucleophile on the electrophilic carbon of the
carbony] group.

— HMu: + M
& |
Nu_,.a--'—'-:‘;}k_c-? — Hu—li:'—cr

Nu = C—0I11 + Ol

= Hu—‘::‘*-ﬁi‘lﬁ"

- General mechanism of acid-catalyzed addition reaction:
b} © The acid catalyzed nucleophilic addition reaction will take place with a weak nucleophilic
reagent,
@ The addition is initiated by the proton (H') liberated by the acid.
@ The proton combines with the carbonyl oxygen atom and increases the electrophilic character

of the carbonyl carbon. , .
© Asaresult, the attack of the weaker nucleophile on the electrophilic carbon becomes casier.

?'-&fr\il‘ —_— \‘C—i'}—|1
I‘I‘. = ‘Illl'

|
H‘Dﬁm -E__?‘_" ——— ]"-.Iu—qlz'_cln +H

b -
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Aldehydes and Ketoneg

_ “ CONDENSATION R |-;i.[:'|'?- .
The reactions in which two molecules of the same of d'rﬁﬂ olecule like H20 or NHj, are
new compound with or without the elimination of a small molcet
called condensation reactions.
Aldol Condensation: . ilute soluti
¢ solut ,
Aldehydes and kelones possessing a-hydrogen aloms react with a cold dilu 10n of ap
alkali to form addition products known as aldols. : - d alcohol
© The name aldol is given to the product because it contains both aldchyde and
functional groups. :
. : « poaction with two
o Note that the name aldol condensation is reserved for the reaction that starts
identical carbonyl compounds.
o Two molecules of the same carbonyl compound condense 10
General reaction: = - OH 0
II il . " I- ¥ i .L" H
CH—C + H—=CH—~C—H _diLhaOH ., CH,~CH—CH.—C =
o

=

form an aldol.

l'-.lli'lltnal FEthamal 3-1ydroxyburanal {aldol)
Cundensaéinn of Propanal: & on EI,IJ
J i .
E‘H—CH.—tg n H—::H_!,l",—u _dil.NaOH ,  CH,—CH— EE{—Elfli—Cr—ll'
H CH, CH,
Propanal Propanal 3-Hydroxybutanal-2-methylpentanal
- (aldol)
Cﬁnde&satiun of Propanone: 5 '[ijl‘l :ﬁl
[ [ o S
CH—C  +  H—CH—C—CH, _ MO, Clt;—C— CH;— C—CH,
I
CH, Cll,
Propanal Propanal 4-Hydroxy-4-methyl-2-pemtanone
Effect of Heat on Aldol with Dilute Acid:
OH 0 O
g o diL.HC po_@. |
CH—~CH—CH,—C—H —— CH—CH=CH—C—I1+ H,O

3-Hydroxybutanal Crotonaldehyde
Cannizzaro's Reaction: (A disproportionation reaction)
o Aldehydes that have no a-hydrogen atoms undergo cannizzaro's reaction.
It is a disproportionation (self oxidation-reduction) reaction.
o Two molecules of the aldehyde are involved, one molecule being converted into the

0

corresponding alcohol (the reduced product) and the other into the acid in the salt form (the
oxidized product),
o The reaction is carried out with 50% aqueous solution of sodium hydroxide at room

temperature,

ZHCHO + NaOH —— CH30H + HCOONg
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Haloform Reaction:

Compounds that give haloform reactions are:
o Only acctaldehyde (among aldehydes)
o Methyl ketones (mmong ketones)

o Z-alkanol 13{':—‘;'3““‘3 ary alcohol) and only 2thanol (among primary alcohol)

I

17
Topic ' . Aldehydes and Ketones

R—C—CH, + 3X, + 4NaOH —— » CHX,+RCOONa +3NaX +3H.0
. 0
' I . _
CH—C—H + 3l, + 4NaOH —— CHI, + HCOONa + 3Nal + JH.0
?H
R—C—CH, + 4I, + 6NaOH —2 4 CHI, +RCOONa + SNal + 5H.0

CHCHOH + 4I, + 6NaOH —2 . CHI,+HCOONa + 5Nal + 5H.0

ACID-CATALYSED NUCLEOPHILIC ADDITION REACTIONS ..

? o Polymerization:
Formaldehyde
C~y PN
HO  CH,
h sico 80, )
e O O
e il
H.C

Metalormaldehyde (trimmer

i General Reactions:

0% DI-l_ﬁl_,

o BeX 4+ HN—G ==—C—N—G — —C = N—G+HO
Aldehyde Ammonia Amino alcohol Condensation
or ketone derivative (unstable) product

ﬂ Whm Cl ] - (N ] Pl

G = OH,— NH,, — NHC,H,—NHCONH,, ctc.
Hydroxylaming ) NH:0H
Hydrazine NH:2NHz
Phenyl hydrazine CsHsNHNHz
Semicarbazide NH:MHCONH3
in,[ﬂ‘ 2 4-dinitrophenylhydrazine | NHaNHCgH3(NO)z)

Reaction with 2, 4-Dinitrophenyl hydrazine ['I,‘ 4I-DH'P]!|
Aldehydes and ketones react with 2, 4-dinitrophenyhydrazine to form 2, 4-
dinitrophenylhydrazones in the presence of an acid.
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Aldehydes and Ketopg,

Topie-17
—_-_——_'—_—_—-—_n—__———___-——'_—-—_-_—-_-_-—_-___-hh.-‘-‘

LA | 8 il

I
:I

W |

“ « = Me-NIl= |
SRR ECHIR o S 7 N Ph: |

i H'" N, N L# .

: ‘ » 3. [N Acetablelyde 24-DNFN |
Artalilchyde 2 4-1vNT i
I ¢, |
SERNTEE T o NP N_H"_P\l\;u ‘i
Uil o, MO, <l o, RO |
Acctons 34-0MM Accione 24-DRPH i

|

This reaction can be used for the identification of aldehydes and kelones because 2, 4.

dinitrophenylhydrozens are usually yellow orange crystalline solids. |

Addition of Alcohol: ‘n
H,C  CH,, 7OCH, 5

! \c=0 + 2cH,oH Do HCl \r:f +H,0

H/ H/ \OCH, |

1,1-Dicthoxycthane (an acctal)

This reaction is used to protect the aldehyde group against alkaline oxidizing agent.

Regeneration of Aldehyde from Acetal

H,C, ,OCH, . CHyp, .
i +Ho -, ‘c-0+2cHOH
n/ \oCH, H/ r

Ketones do not react under these conditions.
CHEMISTRY OF ALDEHYDES AND KETONES BY THEIR REDUCTION TO .-'I.I.I("T[]'IH..}I;.S
Both Aldehydes and ketones can be reduced. Aldehydes are reduced to primary alcohols |

whereas ketones to secondary alcohols. The carbonyl group is converted into an alcohol.

Reduction with Sodium Borohydride: |
CH3CHO + NaBH4 + H:0 —2 CHyCH-OH + NaOH + BH; |
. | Nalkii | |
H—C =0 .—Wr e CH =011
Methanal ! Methanol |
] |
| 5, I
CH~C -0 Ml CL,—CHL— 011 ?
Ethanal 1,0 Fthanol :
ci, CH, |
' |

CH,—C = 0 Jﬁ%. cu.—-c!:H—nn

Propanone = 2-Propanol
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— — —_— ' Aldehydes and Ketones
Catalytic Reduction: T e

Addehydes ¢ ‘0 — . g : :
Aldchydes and kelones on reduction with |1}rdmg|:n in the presence of o métal catalyst

like Pd, Pt or Ni form primg .
N r : 7 . s :
across the carbonyl dsmup. ¥ and secondary alcohols respectively. Hydrogen is. added

H—C_” + H; Pd. Fl{:rNi‘; CH,GH
Fﬂ“““matﬁ"-l': Methyl alcohol
[ , :
CH,—~C—11 + py, LdProrNi o oon
Acelaldehyde Ethyl alcohol
'fl.i'! OH
CH,—C—CH, + H, —o.PtorNi, CH,—CH —CH,
Acclone Isopropyl alcohol

: OXIDATION REACTIONS OF ALDEHYDES AND KETONES
Oxidation of Aldchydes: '
Aldchydes are casily oxidised by mild oxidizing agents like Tollen’s reagent, Fehling's
solution and Benedict's solution.
o They arc oxidised to carboxylic acids by strong oxidizing agents such as KaCr:07 / H280; or
KMnOy / H250 and dilute nitric acid.
© The hydrogen atom attached to the carbonyl group in aldehydes is oxidised 1o OH group.
This is comparatively easier to oxidize.
o Hence, can be midjzc% by mild oxidizing agents.

0
I {.Cr.0/ I
LCr.0/H.50,
CH, - fl ----- 1+ [O] h"CT‘D'H'SDr CH,—C—0Nl
Acctaldehyde Acetic acid
The carboxylic acid has the same number of carbon aloms as arc present in the parent

aldehyde.

Oxidation of Ketones:

Ketones do not undergo oxidation easily because they require breaking of strong carbon-
carbon bond. They give no reaction with mild oxidizing agents. They are only oxidized by
strong oxidizing agents such as K2Cr20q / H2504, KMnO4/H2504, and cone. HNO;.

For symmetrical ketones
0 )

D ]
KLOMSO, - ey, —C—0H + HCOOH

[
CH,—C—CH, + 3[0]

Acclone Acetic acid
For unsym?;niricnl ketones (li [l'j
’. K.CrOJH.S0, _ ;
L‘IIL—{l," - CH,—CHL A+ 3[0] —— —— CH,~—C—0Hl + ClIl,—C—0ll
Butanone Acetic acid

i
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Identification of carbonyl compounds :

LK pe of reactions / | | it i
Aldchydes _
“E‘ﬂ:thh

ey

Reducti - Secondary alcohols
uction Primary alcohols - —
g Carboxylic acid containing same | Carboxylic acic containing
s numh-c:f?n-ll:' carbon atoms smaller number of carbon atoms 'l
—] .
Reaction with : . Don't give silver miror
Tollent's reagent Silver(Ag) mirror - ;
Reaction with ) Don't reduce the Fehling's
Rection with : - They don’t reduce the
Benedict’s solution n Brick red precipitate of Cuz0 Benedict’s solution
Polymerization Polymerize readily Don’t polymerize - |
Reaction with alcohol | Acetal formation Don’t react |
Reaction with sodium : Win. red or orange red
nitroprusside Doa't react coloration
COMPARISON
Reagent Aldchyde | Ketone | Type.of reaction - Products
HCN v ¥ | Nucleophilic addition Cyanohydrin
NaH30, v v Nucleophilic addition Bisulphite adducts
Grignard reagent v v Nucleophilic addition 1° & 2° alcohols
NHz:-NH: v o Condensation Hydrazones
NH:-OH v v Condensation Oximes
NHa2-NH-CeHs v v Condensation Phenyl hydrazone
2.4-DNPH v v Condensation 2,4-DNP hydrazone
Fehling solution test d % Redox Cu:0 (Cuprous
oxide)
Tollen's reagent v - Redox Ag (Silver)
Benedict’s solution 7 " Budss Cuz0 (Cuprous
test :
oxude)
Sodium nitroprusside & v Red Wine red or orangt
lest ox .
red coloration
KETS - PREP BOOK —176 §
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Aldehydes and Ketones

_..__..—-'-_,,..FF"'-—'_—-'__———-——'—-._-_-_'_'_'—I—_____— — it —
14 ]]H]‘" test:
Cll, -
S 70 HNNH- €= N=NI—DD,
H Y / .
Mo, NO: H Mo, NO
Acctaldehyde 24-DNPH Acetaldehyde 2.4-DNPH

Aldehydes and ketones form a yellow or red precipitate with 2,4 dinitrophenylhdrazine
solution.
Sodium Bisulphite Test:

£Hy, ' CH,, O

C O + MuHSO, .
/ HY “s0.Ma

]|
Aldehyde and small methyl ketones form a crystalline white precipitate with sodium |
bisulphite solution, |
Tollen’s Test [Silver Mirror Test|:
AgNOy + 3NHy OH ——— [Ag(NH3):] OH + NHaNO;3 + 2ZH:0
R-CHO+2[Ag (NH;):] OH —— R-COONH: + 2Ag + 2NH; + H:0
Silver mirror

Fehling's Solution Test [an alkaline solution containing a cupric tartrate complex fon]:

R-CHO + 2Cu(OH): + NaOH ——— R-COONa + Cu:0 + 2H:0

' Brick red Ppls.

Benedict’s Solution Test [an alkaline solution containing a cupric citrate complex ion:|

RCHO + 2Cu (OH): + NaOH ——— RCOONa + Cu20 + 3H20

Brick red ppt

Sodium Nitroprusside Test:
Ketones produce a wine red or orange red colour on adding alkaline sodium

nitroprusside solution dropwise.

5
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Classification
Physical propertics

Reactivity

¥ L = 1 *
Preparations of carboxylic acids

TOPIC-18 ))) CARBOXYLIC ACIDS
h_____________—________‘

COURSE CONTENTS .

—T

Chemistry of carboxylic acids by conversion to carboxylic acids derivatives acyl halides,

acids anhydrides, esters, amides and reactions involving interconversion of these.,

. Acidic strength

INTRODUCTION

Carboxylic acids

Organic compounds containing -COOH as a functional group are called carboxylic acids
(carb from carbonyl and oxyl from hydroxyl).

© Their general formula is R-COOH or CaH2:02
o The boiling points of carboxylic acids are relatively high due 1o intermolecular h}tln.v_.;m bonding
o The most common carboxylic acid is acetic acid
o Acetic acid has strong vinegar like odour and sour taste
Nomenclature
Structural Formula Common Name IUPAC Name
| H-COOH Formic acid Methanoic acid
CH;COOH Acctic acid Ethanoic acid
CH3-CHs-COOH Propionic acid Propanoic acid

CH;-CH>-CH:-COOH

Butyric acid

Butanoie acid

CH;-CHCOOH

!
CH;j

' CLASSIFICATION OF CARBOXYLIC ACIDS

Iso-butyric acid 2-M

ethylpropanoic acid

© Dcpending upon the group (R or Ar) attached to the Carboxylic group, acids arc

classified as:

o Aliphatic carboxylic acids: Carboxylic acids in which carboxylic group (-COOH) is
attached to a hydrogen or an alkyl group are called aliphatic carboxylic acids.

Example:
(i)
O
il
H—C—0H
Formic acid
0

il
CHy—C—0H

Ethanoic acid

O

Il
or R—C—0H

O

I
CHy—CH>—C—0H
Propanoic acid
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\\ H—C—OH CHJ—!ZIL‘—GI-I
=

.18 |
ﬂ'fm : Carboxylic Acids
omatic carboxylic acids: ¢y T , =
o ":'r:c1-1,kd. with an aryl group is cl“‘é"?!"hc acids in which cnﬁrhmyl group (COOH) is
Example: S an aromatie carboxylic acid.
ii) 0011 00
( G DOl

1 OO
Ar—C—0H @

ﬁmlllﬂliﬂ C-ﬂl’hnx}rlic acidhenzom acid Phihalic acid
Depending upon the number of carboxyl groups in an acid, they are classified as:

o Monocarboxylic acids: Carboxylic acids conlaining only one carboxylic group arc
called monocarboxylic acids,

Examples: Ol
0 0
|

Formic ﬂﬂ'lld . Acetic acid Benzoic acid .
o Dicarboxylic acids: Carboxylic acids containing two carboxylic groups arc called

g, dicarboxylic acids.
b Examples:
COOH CH>—COOH (ﬁH-—-CDDH
’ I
oy COOH _ CH;—COOH ~ CH—COOH
Oxalic acid succinic acid maleic acid |
COOH COOH
m P ‘ OOH
CH:
xﬂ ]
al COOH —~
= Malonic acid Phihaicaad ‘
& o Polycarboxylic acids: Carboxylic acids containing more than two carboxylic groups
ol are called polycarboxylic acids.
CH—COOH
|
ﬂ-ﬂ HO—C—COO0OH
—‘ CH:—COOH
g | Ex.nmplc--: : l':ﬂrft‘.‘ ncid .
Aliphatic mono carboxylic acid — fatty acids
yHe 0 Methanoic acid
, Formic acid %
L H—C—0H
O Ethanoic acid
Acetic acid |
- CHy— (JJ —OH !
Iso butyric acid CHy — CH — COOH 2-Methylpropanoic acid
L Ha
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PHYSICAL PROPERTIES OF CARBOXYLIC ACIDS

have unpleasant smell.

en bonding. The solubility in way ],,ﬂ"':

o C)to Cy have pungent smell and Cy to Ce

o Ci to Csare very soluble in water due to hydrog
decreases with the increase in molecular mass.

o The boiling points of carboxylic acids are relatively
bonding,.

high due to intermolecular hydrgen | '

HCOOH < CHyCOOH < C:«H-:.EDEJ:-I _.:,:'Ldﬁ
373K (100°C) 391K(118°C) 43“‘5{'41 C) f.“;fﬂ
cids increase irregularly with molecular mass. The !

o The meling poims of carboxylic a
ey e r of carbon atom are higher !rfFul

melting points of carboxylic acids containing cven numbe

than the next lower and higher odd members. ; !
CHiCH-COOH < CHsCH:CH:COOH >  CH3CH:CH:CH:COOH ]

. 7K (-36°C) o

251K (-22°C) 267K (-6°C) 23 _ ( _ :

o The molecular mass determination in non-polar solvents like benzene shows tha 1;'[“[

carboxylic acids exist as cyclic dimer . Jlliﬂfll

SO-1-0, ALY

R=C 5 s 5" ' ¢

No—H-0 st

imer of a carboxylic acil o X
o The pure acctic acid freczes to an ice like solid at 17°C, therefore, it is called glacial

p (xba®

acetic acid

_ PREPARATION OF CARBOXYLICACIDSS - | ta k.
Following methods are used to prepare carboxylic acids. ;E:;

Carbonation of Grignard reagent
R —Mg- X +CO, —2E , p _CO-OM gX —LE— R —COOH + Mg(OH)X !(sbw

Hydrolysis of nitriles . | H0C

Organie compounds having cyanide group are called nitriles. Hydrolysis of an alkyl 1 (zhy

nitrile on boiling with mineral acid or alkalis yields carboxylic acids. vike
R-CN +2H,0—=—5R -COOH + NH,

H,C - C=N+2H,0—=—CH,COOH + NH,
Accticacid

THE
Oxidation of primary alcohols s
R-CH, -0H + 0] —5—R =CHO—55 4 R - COOH g,
Aleohol Aldehyde : b
Oxidation of aldehydes by
R -CHO—244 4R - COOH
Aldchyde

Oxidation of alkyl benzene

Cil, oo
Kdnin E!n
b ———t v 0D

Toluene Benzoic acid .

Wy
—
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Carboxylic Acids

o The carboxyl group shows the chemistry of both the carbonyl (>C=
hydroxyl (~OH) groups,

o Inmost reactions, the carboxyl group is retained.
o However, the reaclivity of these molecules is due to the presence of carbonyl group.

REACTIONS OF CARBOXYLIC ACID
rbosylic acids undergo the following types of reactions.

o The reacthion in which h}'dlﬂgl:ll atom of the carboxyl group is invelved (salt formation).
o The rcaction in which OH group is

replaced by another group.
o The reactions involving carboxyl group as
4 a whole.
THE REACTION IN WHICH HYDROGEN
ATOM OF THE CARBOXYL GROUFP IS
INVOLVED (SALT FORMATION).
o Itis an electrophilic substitution reaction.
o In this reaction hydrogen atom of the
carboxyl group is involved.
o Carboxylic acid reacts with active metals
I (Na, K. Ca, Mg cic.) to fornm their salts with
the evolution of hydrogen gas.
IRCOOH + 2Na—— 2RCO0O™Na” + H,
g o Carboxylic acid reacts with bases (NaOH, KOH) 1o form salis
! RCOOH + NaOH — RCOONa + H,0
i{ © Carboxylic acid rcacts with carbonates and bicarbonates cvolving carbon dioxide gas
with effervescence.
2RCOOH + Na,CO,——2RCOO Na" + CO,+ H,0
RCOOH + NaHCO, ——RCOO Na"+ CO,+ H,0
THE REACTION IN WHICIHI OH GROUP IS REPLACED BY ANOTHER GROUP.
(1) ESTERIFICATION _
It is nuclcophilic substitution reaction of carboxylic acid
o In this reaction OH group of carboxyl group is replaced by alkoxide group of alcohol.
o Esterification is reversible and acid catalyzed reaction.
RCOO -1l + R-Oll === RCOO-R + 11,0

0) and the

CRITICAL CONCEPT!

. Carboxylic acids are weaker acids than |
mineral acids. They fumish 1+ when
dissolved .}';1 waler.

)
i B 1 %
R—L’—Q}-H:—- R=L=(F=1I

§ afweald nm P

In the presence of water (11:0), the
| ~proton breaks away as 11:0" ion.

o

Carbonylic acid  Alkcohul Ester
ci,cool + C.1,0l==CIl,CO00C,H, +I11,0
Fihanoic acid Frkanal Fihylethonaic
o Esters have fruity smell and are used as artificial flavors.
F Ester ] g™ Flavour X Flavour
Amyl acclale Banana Isobutyl formale 1 Raspbermry 1
Benzyl acetate Jasmine Ethyl butyrate Pine apple
L_.ﬂ'lﬂl}rl butyrate Apricol Octyl acelale Orange i
.-h-—_
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Whic . '
i Il_'1h one is the stronpest acid C. Acclic scid 8
B3 Phenol D. Ethanol

(I ACID CHLORIDE FORMATION (ACYL CHLORIDE)
In this reaction OH group of earboxyl group is replaced by halo group (-X).
This is nucleophilic substitution reaction. _ .
Phosphorus pentachloride (PCls) and thionyl chloride (SOCIz) on reaction with ethang
acid give acetyl chloride (ethanoyl chloride)

CH,COOH + PCl, ——CH,COCI + POCI, + HCI

CH,COOH + SOCI, ——=—CH,COCI + SO, + HCI

(iii) Amide formation

It is nucleophilic substitution reaction.

In this reaction, OH group of carboxyl group is replaced by amino group (-NH,).
Ethanoic acid reacts with ammonia to form ammonium acetate (intermediate) which on
heating produce acetamide.

RCOOH+NH, —— RCOONH,

RCOONH, —& , RCONH,+H,0

REACTION INVOLVING COOH GROUP AS A WHOLE
Reduction to Alcohals:

o Carboxylic acids are reduced 1o primary alcohols carboxylic acids are less reactive 1o -
reduction by hydride than aldehydes, ketones or esters. Al
©  Due 1o their low reactivity, carboxylic acids can only be reduced by LiAlH; and not )
by less reactive NaBH..
Example:
Acctic acid on reaction with Lithium aluminium hydride (LiAlH3) is reduced to cthanel
(a primary alcohol),
'j:l]

-

R—C—0H + 4[H] f-__{f'-ﬁl;u_a_; RCH:0H + H.O
1
CHy—=C—0H + 4[H] —E’;L.L—.CIIJCII:DEI + H:0
Acetic acid Ethanol
Complete Hydrogenation (Reduction to alkanes)

Carboxylic acids on reduction with HI and red phosphorous give alkanes.
0

FF

|
CH, = C-0+ oHI —mmphns |, oy oy 4 2H:0 + 31,
acetic acid cthane
In this reaction, - COOH group is reduced 1o g — CHy group.

o
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o loss ol carbon dioxide is called
o Simple carboxylic acids rarely undergo decarboxylation.

() When sodium salt of carboxylic acid is strongly heated with soda lime
(NaOH + Ca0), and alkanc is formed, A

\ o The alkane formed contains one carbon less than original carboxylic acid
X

decarboxylation.

.18

\ ﬂrf%mﬂﬂuc ﬁ'—"d‘
| ' —

\ pecarboxylation

0
I :

R=C—=0ONa + NaOH -%a R-H + Na;COs

O
™ i ..
N CHy=C—ONa + NaOH —2, CH, + Na;COy
I (ii) Dry distillation of calcium slat of carboxylic acids gives aldehydes or ketone.
W REEE . 3
t . 2 e 0
o Lot :m,—a.l-—-n s i
2 ] { 5 .‘H‘II“M"‘F
m : 15 (Fikanal)
.-tajl . Calcimm formaale t':iki'-;:m:u
ﬁﬁl&i (Calcium mcthapoaie)  (Calcium cthanaate) !
{‘ﬁli.: ] = [ ]
":-"-"'I‘_-'-' ay — e, u|,a¢,l—-¢'||. » CaCO.
:al_.r, - 3 Arcieng
- {Fropananch

{';lriun; aceiale
(L algiuim eihanaalc)

~ REACTIONS OF CARBOXYLIC ACID DERIV
A. REACTIONS OF ACYL HALIDES (ACID HALIDE)
 [ARE! Acid halides are derivatives of carboxylic caid in which (-OH) hydroxyl group has been
replaced by a halogen atom.

oo Hydrolvsis of Acid halide)
, Reaction of Acid halide with water (Hydrolysis ol Acid halide _
ot Acid chlorides react with water, ofien violently, to give the comresponding carboxylic

acids and hydrogen chloride. -

theoe | ATIVES

0
[
“._.E_'_(_'I o 1LO=—R=C=011 + 1101
Acid O hikarids {aebony e Agwd
Reaction of Acid halide with carboxylic acid. R
When Acid halide rcnﬂtsiwﬂh ca:t::;I}'"“- acid, aci e

1 ) I ]
H_q,}._“ ¢ R= = OB R (= 0= =R - 1101
Achd chboridy  Cabonylic xnl X Awnd anhydride
Reaction of Acid halide with aleahol (Formation of ester)

When acid halide reacts with alcohol in presence of conc. HaS04 as a catalyst, ester is
formed. . 0
i 150 |
g—C—=U1 0 = Oll——==R=C=0R" 1 1IC
Acidl chloride  Alcubol Pster

i
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Topic-18 Carboxylic Acig
Reaction of acid halide with ammonia. (Formation of ln:lidEJ
When acid halides are treated with ammonia, thurﬁrﬂ““ amides.
0
| "
H—E"—Ei +INH, e R =C—NH. + NH, Cl
o Acid chloride Acid amide
B. EE&’CI' IONS OF ACID ANHYDRIDES
Hydrolysis (Reaction with water)
Acid anhydrides are hydrolyzed under acidic or basic conditions to form the parent agig
0o o0

P .
CH~C—0—C—CHs HO—— 2CH,CO0H

Avvtic anhydride Acetic acid
C. REACTIONS OF ESTERS
Hydrolysis of Esters
Esters can be hydrolyzed to acid and alcohol under acidic or basic conditions. Basic
hydrolysis of csters is known as saponification because it leads to the formation of alkali
salt of carboxylic acids w[l;ich is soap.

0
] HO' |
Cl1,—C—OC.11, == Cl1,~C—Oli+ C.IL 0l
Fihyl acciaic Acetic acid Ethanol
'l:i:l 0
: ]
CH~C—OCH, 22 Cly—C—0Na+ 110N
Ethyl acctale Sodiem acctate  Cihanol
D. REACTIONS OF AMIDES
Hydrolysis of amides

Amides arc hydrolyzed when heated with a strong acid or a b i boxvl
acids and ammonia (or amines), "e ase and yield carboxylic
0

Jl Ly

| Il
R—C—NHj=+R—C—OH + NH,
E. REACTION OF NITRILES
Hydrolysis of Nitriles

Mitriles, R = C = N, can be hydrolyzed 1o carboxylic acids, RCOsH via the amide,

RCONH:» intermediate in the :
N Jn Crmecaie wn fhe presence of strong acid (e.g. HaSOu)or strong base (¢
O

LLEH) ]
R_{::_H Moot R—_E"—- N I_"I =
ﬂ -

= ligm

Order of reactivity of carboxylic acid derivative
Acid halide > Acid anhydride > Ester > Acid amide
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Carboxylic Acids

— ; : : ACIDIC STRENGTH
xylie acids are the most acidic simple organie compounds. (pKa

 cids like HCI1 or H2804, they are weak acids.

=5) but as compared with

Carboxylic acid

Formula

Ethanoic acid CH3CO00H 4.7

CH;CH:COOH ’ 4.9
Fluorocthanoic acid CH:FCOOH 2.6
“Chloroethanoic acid CH3:CICOOH 2.9
Dichlorocthanoic acid CHCI:COOH 1.3
Trichlorocthanoic acid CCl,CO0H 0.9
Nitroethanoic acid 0:NCH2COOH 1.7

~ o Electron withdrawing group (Cl, F, NO;) bonded to the carbon atom next to the
carboxylic group (COOH) make the acid stronger. Due to electron withdrawing group
electron will move away from oxygen. Hence decrcases charge density on oxygen atom
of carboxylate ion which stabilizes the -COO" group and makes it less likely to bond with
an H" ion.
For example, chloroacetic acid is 100 times stronger acid than acetic acid.

o Electron donating group (alkyl) strengthens the O-H bond in the acid’s -COOH group. It
donates negative charge towards the -COO" group of the carboxylate ion, making it more
likely to accept an H® ion, hence acidic strength decreases.

o For example, formic acid is more acidic than acetic acid.

o Strength of an acid is measured by pKa values. Greater the value of pKa weaker will be
the acid and vice versa,

NOTE: Order of strength of halo substituted acid:
F-CHy-COOH > Cl = CH; -COOH=> Br-CH:-COQOH > CH;-COOH

o In each of the carboxylic acids, the =OH group is attached to a carbonyl C=0 group,

which is in turm bonded to other atoms.
o The comparison we observe here is between carboxylic acid molecules, denoted as RCOOH,

and other organic molecules containing the —OH group, such as alcohols denoted as ROH (R is
simply an atom or group of atoms attached to the functional group).

o The former are obviously acids whereas the latter group contains molecules which are
generally extremely weak acids.
Comparison of acidic strengths: _

o One interesting comparison is for the acid and alcohol when R is the benzene ring (CsHs-),
benzoic acid (CsHsCOOH), has pKs = 4.2, whereas phenol (CsHsOH) has pK, =9.9.

© Thus, the presence of the doubly bonded oxygen atom on the carbon atom adjacent to the ~OH
clearly increases the acidity of the molecule, and thus increases ionization of the ~OH bond.

o Acidic strength order 15

Carboxylic acid > Phenol > Water > Alcohol

KETS - PREF BOOK 185
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TOPIC-19 ) MACROMOLECULES
S CONTEN TS

- : ; : i of proleins
Classification and structurc-function relationship ol P

Role of various proteins in maintaining body functions and their nutritional importance,

Role of enzymes as biocatalysts.

INTRODUCTION

Macromolecule )
A giant molecule which is often a polymer is call

Polymer _ _ o
A large molecule built up by the repetition of small and simple chemical unils 15 called polymr,

Monomer ) ,
Small unit or simple molecule from which a macromolecule is formed is called monomers,

© - " © "7 §TRUCTURE OF PROTEINS
The name protein is derived from the Greek word ‘PROTEIOS” meaning of prime importance,
Proteins are polymer of amino acids.

Proteins upon complete hydrolysis yield amino acids.
Types of proteins

ed macromolecule.

" Particular |~ ~ Simple protein | Conjugated protein. | Derived protein
Gives only amino Gives amino acid Confaing sming acids and
Definition g TLY s : substances derived from simple
acid or its derivatives | and prosthetic group . -
—l conjupated protein B
: : . : Peptones, Olhigopeptides
Globulins, albumins, | Lipoproteins, ' a D i
Examples Collagens Phosphoproteins Enzyme, Proteoses, Pﬂ-l}'pﬂptldﬂ

STRUCTURE OF PROTEINS

The structure of a protein depends upon the spatial arrangement of polypeptide chains
present in proteins. Since three spatial arrangements are possible proteins have the
following four structures,

(i) Primary structurc

(ii) Secondary structure

(iii)Tertiary structure

(iv)Quatemary structurc

(i) The Primary structure of proteins

The sequence of amino acids in peptide chajn
are linked with one another though peptide bong
primary structure.

(ii) The secondary structure of protein
Peptide chains may acquire spiral sha
coiling or zig-zagging of polypeptide |

15 called primary structure. Amino acids
. The arrangement of these acids is called

P¢ Or.may be present in a zig-zag manner. This

H-bond. # Called secondary structure of protein. It is dUe W
KETS - PREP BOOK -
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Macromeolecules

[Iil]: TFIE lertilr?' structure of proteins
Twisting or folding of polypeptide chains represents tertiary structure of proteins.

(iv) Quaternary Proteins
Quatemary means four. This is the
fourth phase in the creation of a
protein. Qualemary protein is the
arrangement of multiple folded protein
or coiling protein molecules in a
multi-subunit complex. A variety of
bonding interactions  including
hydrogen bonding, salt bridges, and
disulfide bonds hold the various chains
into a particular geometry.

Propertics of proteins

Proteins are one¢ of the four major

of macromolecules that are
found in all living organisms. These
giant molecules carry out many of the
vital functions needed by cells.

o Proteins are involved in such
processes as food digestion, cell
structure, catalysis, movement,
energy manipulation and much
nmioTre.

o They are complex  huge
associations of molecular subunits
that appear impossibly difficult to
understand.

o They are all built using the same

SRR NS

. smine Acids

Frimary pre s Wl ClmrT

Pl Shod

;

Aphaha

i §

Alphabdix
Tetiary protdn sinecene

construction principle. As with all
macromolecules,  proteins are _ o _
polymers, composed of smaller subunits- the amino acids joined together in long
chains.

There are about 20-22 common amino found in most proteins. All but one of these
small molecules has the same common structure, but varies in the nature of one
chemical group termed the “R-group™. Amino acids are joined together in long chains
called “polypeptides”.

(us temsi ry pre bdm stredeine

Importance of proteins T : .
Following are the features of the protein which are considered to be very important.

o Proteins play an important role in the formation of protoplasm. Protoplasm is the
essence of all form of life. _ . _
o  Nucleoproteins are complex proteins and act as the camrier of heredity from one
generation to the other. | |
o  Enzymes are the biological catalyst and they are also proteins. Without enzymes life
is not possible. o .
. o  Hemoglobin is a protein, it acts as carrier of oxygen.
KETS - PREP BOOK 187
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©  Some of the proteins act as hormoncs. They carry oul the regulatory function of s

o Fm{}-:.'-i'n: have great importance in industry. The tanning of h]gﬂ 'S an induste,
process. This process is the precipitation of protein by tannic acid. |

©  Gelatin is obtained by heating bones, skins and tendons In watcr. It is yseq X
bakery goods,

©  Cascin is another protein used in the manufacture of buttons and buclu:i-.-;gl,

©  Proteins obtained from the soybean arc used for the manufacture of plastics,

Denaturation of proteins ’Jﬁ
Denaturation of proteins can be done by: b ?ﬂ i
©  Heat: albumin of egg white changes into solid _ # i
©  Change in pH: cach enzyme has its own particular pH for action 4

©  Oxidizing or reducing conditions

ENZYMES AS'A BIOCATALXYS T

Enzymes | ':#“

Enzymes are biocatalysts which alter the speed of metabolic activilies in the living b
bodies. Enzymes are complex protein molecules which are quite specific in action and  ° f
sensitive 1o temperature and pH. o
Meanings of Enzymes gt
Greek word En means in and Zyme means yeast. - it
Role of enzymes as a biocatalyst " g
Metabolism: ez
M:_tal:lqllsm 15 the set of biochemical reactions that occur in living organisms in orderto g Fimy
maintain to life. '
It is of two types -
Anabolism s
Anabolism includes the biochemical reactions in which | | - synithesized ‘g
and it is usually endothermic. P g Mk Eolel A .
Catabolism iy
t’,‘.amhnlmrq 5m:ll.u:'|=s the biochemical reactions in which larger molecules are broken E"‘ﬁ:
down and it is usually exothermic. k-'“:
Biocatalyst | '
Enzymes are crucial to metabolism because they act as biocatalysts u speed and regulate
metabolic pathways. Enzymes are prolcins that catalyze [i.ﬂpcsd up) b;ﬂcﬁﬁmd
reactions and are not changed during the reaction.
Substrates and Producits
The molecules at which enzymes act are called subsira; ;
into different molecules, called products, A, ) oRzywio convests fed
E+S — E-S complex — E+p
Lock and key model
In 1894, German chemist, Emil Fischer proposed lock and
. e . model.
According to this model, both enzyme and substrate :T!” - .
exacily into one another. possess specific shapes that
This model explains enzyme specifically.
KETS - PREP BOOK 388 K
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Produeis

Ensyme-subsirate
cemples

Induced Fit Model

In 1958 an American biologist Danicl
Koshland suggested a modifications to lock
and key model and proposed induced-fit
maodel.

According to this model active site is not a
rigid structure rather is moulded into the
required shape to perform its function. .
“Induced fit model” is more acceptable than “lock and key model” of enzyme action.
Factors affecting enzyme activity

Enzymes are very sensitive to the environment in which the_v'wurk: Any factor that can
change the chemistry or shape of enzyme molecule, can affect its activity.

Temperature ;

Increase in temperature speeds up the rate of enzyme mta}ymd reactions, but only to a
point. Every enzyme works at ils maximum rate at a specific temperature called as the
optimum temperature for that enzyme.

Exa -}

ﬂul?t:]:ﬁﬂst animal enzymes, optimum temperature is around body temperature i.;i'l? i
o Some plants enzymes such as urease has optimum temperature even up to 60 °C.

Graphical explanation: . . .
lth le: a gflﬂ-ph hetween temzpcratum; and rate or 'O.I'E-'!D-Elt}" of ﬂﬂmﬂﬂllﬂ reaction we get

the curve as shown.

Oplimuin
temperalure

Enzyme

Enzyme gains
denaturalion

kinetic energy

Rate of cnzyme catalyzed reaction

0 20 30 40 50 60
Temperature {°C)
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Substrate concentration , reaction. '
Increase in substrate concentration, increascs (he I II:';suh-:r.l:':“*llt‘ﬁ: in increased |
If enzvime concentration is kept constant I'“-"l ﬂ“}nm“; | eyl then Fale ;
increased up to a limit because of the active sites of all enzymes are occupieq (5, 8 J
substrate concentration). . s . .
More substrate ll'll'.‘l']l:'l'.'ll::t! do not find free active silc. T maiciiy;called $aluration of |

active site and mm:tign rate doecs nol INCreasc.

Saturation of J
_—_ ] aclive siles
All Active siles \ ,

E ]
—

not occupicd

Rale of enzyme eatalyzed reactio
L 3
.

Suhsiralc conceniration
pH g
Optimum pH:
All enzymes work at their maximum rate at narrow range of pH, called as the optimen
pH. A slight change in this pH causes retardation in enzyme activity or blocks i
completely. Every, enzyme has its specific optimum pH value. For example, pepsia
(working in stomach) is active in acidic medium (pH=2) while trypsin (working in small
intestine) shows its activity in alkaline medium (pH = 8-9).

Inhibition of Enzyme
A molecule that binds with an enzyme and decreases its activity is known as enzyme
inhibitor. Inhibition can be reversible or imreversible according to the type of interaction
formed between the inhibitor and the enzyme.

Types of Inhibitors
_ Irreversible inhibitors Reversible inhibitors
When the inhibitors react and form strong | The inhibition in which the activity of &
covalent bonds with the active sites of the | enzyme is restored is called reversible
enzyme, it is called ireversible inhibition. It is | inhibition. There are two types of reversible
stable and ireversible. inhibition. e

—
Competitive inhibition
A competitive inhibitor resembles the substrate. It can bind to the enzyme in the same Way (hat
the substrate does. When present in the active site the inhibitor prevents the nommal s
from binding. The effect of inhibitor is overcome by decreasing the concentration of
substrate.
Non - competitive inhibition
A non-competitive inhibitor also reduces enzyme activity, The inhibitor usually binds # .
separate binding site. It does not bind at the active siie. Wj{:rm inhibim? binds ol “; second S
(non-active site), it changes the shape of enzyme so il thic ahana o v afic ia 8 and
substrale can no longer bond 1o the active site, pe gl
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il ,ppliul_im of enzyme

ri o oaic g L=l J
” m,grmlm“‘ﬂ"' usod "“"'ﬁm‘ﬂl luﬂn for last chemical reactions. For cxamplc,
3 l".xplni‘:nliun. '
Enzymes that break starch into simple su -' ' on of whi
-~ jgars arc in the production of white
food induStT bread, buns cic.
"‘.-"".’-— = - —
. [ndustry Enzymes break starch and proteins. The products are used by yeast for
prewing = fermentation (to produce alcohol).
fmﬂ}' Enzymes break starch to lower its viscosity that aids in making paper.
...-—f""—-—-_
' Protease enzymes are used for the removal of protein stains from clothes.
| giological detergent | Amylase enzymes are used in dish washing to remove resistant starch
residues.
_— F - - - 5
' pairy Industry Lipase enzymes are implemented during the production of cheese.
. i ) Amylase, amyloglucosidease and Glucoamylase enzymes are used to
5 Starch Industry convert starch into glucose and vanous syrups.
bepe :
o b | Biatacl industry Cellulase enzymes are used to break down cellulose into sugars that can be
e o | . fermented.
pErs |
" | | Contact Lense Protease enzymes are used to remove proteins on contact lens to prevent
| Cleaners infections.
Alpar, - Catalase enzymes are used to generate Oxygen from peroxide to convert
8 E=] | Rubber industry ;
jeA | latex into foam rubber.
i!&““ﬂ"lihil: Protease (Ficin) enzymcs are applied to dissolve gelatin off scrap film,
| IBdustry allowing recovery of its silver content.
Pl —
f“*;;.a ; Restriction enzyme, DNA Ligas and polymerase enzymrs are used 1o
| | Molee . manipulate DNA in genctic engincering. More importantly in ;
g iﬁ | ular biology - pharmacology, agriculture and medicine. It is also important in forensic
# — science.
Il_!
%
o i
i
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